ACCURATE TRANSLATION D E S CR 1 P T 1 0 N VIDEO ENCODI NG APPARATUS 5

AND VI DEO DECODI NG APPARATUS Techni cal Field The present invention rel ates
to a video encodi ng apparatus and vi deo decodi ng apparatus, which encode,
10 transmt, and store video signals with high efficiency, and decode
t he encoded signals. Background Art Since a video signal has a | arge
information volune, it is a common practice o conpression-encode 15

the video signal when it is transmtted or stored. |In order to encode a
vi deo signal w tacdoughaTef MrRaNSDAYIOAN i Mage in units of franes is divided
into blocks in units of a predeterm ned nunber of pixels (for exanple, M Xx
N pi xels (M the nunber of pixels DrEtheC rizBrTal @MW direction, N

t he nunber of pixels in the vertical direction)), each divided block is
orthogonally transforned to separate t.he spatial frequency of the inmage
into the respective frequency ¥aBEONENCODINGdAPPARATUSequency conponents
are acquiréd as transform 25 ANDcFEDEOC DECOD IMGI ARPARATEGded. As one of

vi deo encodi ng net hods, a video encodi ng nethod that belongs to the
category called md-Ievel

Technical Field
The present invention relates to a video encoding
apparatus and video decoding apparatus, which encode,
10 transmit, and store video signals with high efficiency,
and decode the encoded signals.
Background Art
Since a video signal has a large information
volume, it is a common practice to compression-encode
15 the video signal when it is transmitted or stored. 1In
order to encode a video signal with high efficiency, an
image in units of frames is divided into blocks in
units of a predetermined number of pixels (for example,
M x N pixels (M: the number of pixels in the horizontal
20 direction, N: the number of pixels in the vertical
direction)), each divided block is orthogonally
transformed to separate the spatial frequency of the
image into the respective frequency components, and
these frequency components are acquired as transform
25 coefficients and are encoded.
As one of video encoding methods, a video encoding
method that belongs to the category called mid-level
encoding is proposed in “J..Y. A. Wang et. al.

"Applying Mid-level Vision Techniques for Video Data



encoding is proposed in "J. Y. A Wang et. al. "Applying Md-Ilevel Vision
Techni ques for Video Data 2 Conpression and Mani pulation”, MI.T. Mdia

Lab. Tech. Report No. 263, Feb. 1994,". In this nmethod, if an inmage
i ncludi ng a background and a subject (the subject will be referred to as an
5 obj ect hereinafter) is present, the background and object are

separately encoded. In order to separately eBcode the background and obj ect
in this way, for exanple, an al pha-nmap signal as binary subsidiary video

i nformati on that expresses the 10 shape of the object and its position
inaframe, is required. Note that the al pha- map signal of the background

i s uni quel y obt a@fé@pm@wr@)m%d‘ﬁawptﬂﬁ&m ctM. IsT g ¥rdippdhaly. Tech.
efficiently encoding this al pha- nap 15 signal, binary image encoding
(e.g., M\R (NbdlfR%RP%kxN91(§% kB ngr or the like), or line figure
encodi ng (chain encoding or.the

) are used. Further i.n order
reduce the nunber of emto thm%Eh%$ pHE@%%pln%fﬁgg%%da adkground

and a subject (the subject will be referred to as an
5 object hereinafter) is present, the background and
object are separately encoded.

In order to separately encode the background and
object in this way, for example, an alpha-map signal as
binary subsidiary video information that expresses the

10 shape of the object and its position in a frame, is
required. Note that the alpha-map signal of the
background is uniquely obtained based on that of the
object.

As a method of efficiently encoding this alpha-map

15 signal, binary image encoding (e.g., MMR (Modified
Modified READ) encoding or the like), or line figure
encoding (chain encoding or the like) are used.

Furthermore, in order to reduce the number of
encoded bits of the alpha-map, a method of

20 approximating the contour of a given shape by polygons
and smoothing it by spline curves (J. Ostermann,
"Object-based analysis-synthesis coding based on the
source model of moving rigid 3D objects", Signal
Process. :Image Comm. Vol. 6 No. 2 pp. 143-161, 1994),

25 a method of down-sampling and encoding an alpha-map,
and approximating the encoded alpha-map by curves when

it is up-sampled (see Japanese Patent Application



20 _ approximating the contour of a given shape by pol ygons and snoot hi ng
it by spline curves (J. Ostermann, "Qbject-based anal ysis-synthesis coding
based on the source nodel of noving rigid 3D objects", Signal Process.

1 mage Comm Vol. 6 No. 2 pp. 143-161, 1994), 25 a met hod of
down-sanpl i ng and encodi ng an al pha-nmap, and approxi mati ng the encoded

al pha-map by curves when it is up-sanpled (sge Japanese Patent Application
3 No. 5-297133), and the |like are known. Wien an image in a frame is broken
up into a background and object upon encoding the inage, as described
above, an al pha-map signal that expresses the 5 shape of the object and
its position in t¥e. f5-e3%7133yeq@nd eche ol igse ramne krnmwibackgr ound and obj ect .
For-this reason, this alpha-map infornmation is encoded to forma bit stream
toget her with encoded Widnramtinagefirm ifreee fdoxrdkeni epsintandi s

subj ected to 10 transm ssion and storage. However, in the nethod of

di vi di ng an i mageP3RIFRNAG AR | RIPGEE IRy rRARALMY O ebtag® he@fiunber  of

encoded bits increases, . as.c ared to the conventi onal
égscribed égg%e, an alpha-map sfgnéi that expresses the

5 shape of the object and its position in the frame is
required to extract the background and object. For
this reason, this alpha-map information is encoded to
form a bit stream together with encoded information of
an image, and the bit stream is subjected to

10 transmission and storage.

However, in the method of dividing an image in the
frame into a background and object, the number of
encoded bits increases as compared to the conventional
encoding method that simultaneously encodes an image in

15 the frame, since the alpha-map must also be encoded,
and the encoding efficiency lowers due to an increase
in the number of ehcoded bits of the alpha-map.

Disclosure of Invention

It is an object of the present invention to

20 provide a video encoding apparatus and video decoding
apparatus, which can efficiently encode and decode
alpha-map information as subsidiary video information
that express the shape of the object and its position
in a frame.

25 According to the present invention, there is
provided a video encoding apparatus which encodes an

image together with an alpha-map as information for



encodi ng nmethod that sinultaneously encodes an inmage in 15 t he frane,
since the al pha-map nust al so be encoded, and the encodi ng efficiency
l,owers due to an increase in the nunber of encoded bits of the al pha-map.
Di sclosure of Invention It is an object of the present invention to 20
provi de a video encodi ng apparatus and vi deo decodi ng apparatus, which can
efficiently encode and decode al pha-map informati on as subsidiary video

i nformati on that express the shape of the object and its position in a
frame. 25 According to the present invention, there is provided a
vi deo encodi ng apparat us whi ch encodes an i nage together with an al pha-map
as information fedscrimidiasdmgnithet imggehdénitonga objecan agigje@ndar ea and
background area, and encodes the al pha-map using relative address encoding,
conpri si ng means beekoaRuadi agea s pmdorncraesr &pee sdpha-qaposistingn of the 5
next change plxel to be encoded relative to a reference chan% plxel as the
al ready encoded &RdRfdVsi REArESiSn§NEOFdNTabCOMPEAGLRI BERRE A8 and

means for hol din
%ncodlng a symbol that represents a position of the

5 next change pixel to be encoded relative to a reference
change pixel as the already encoded change pixel using
a variable-length coding table, and means for holding
not less than two variable-length coding tables
equivalent to the variable-length coding table, and

10 switching the variable-length coding tables in
correspondence with a pattern of the already encoded
alpha-map.

According to the present invention, there is

provided a video decoding apparatus for decoding an

15 encoded bit stream obtained by encoding of the encoding
apparatus, comprising means for decoding the symbol
using a variable-length coding table, and means for
holding not less than two variable-length coding tables
equivalent to the variable-encoding table, and

20 switching the wvariable-length coding tables in
correspondence with a pattern of the already decoded
alpha-map.

Furthermore, the means for switching the

variable-length coding tables is means for switching

25 the tables with reference to a pattern near the
reference change pixel.

The apparatus with the above arrangement is



not | ess than two variable-length coding tables equivalent to the

vari abl e-1 ength coding table, and 10 switching the variabl e-1ength
coding tables in correspondence with a pattern of the already encoded

al pha-map. According to the present invention, there is provided a video
decodi ng apparatus for decoding an 15 encoded bit stream obtai ned by
encodi ng of the encodi ng apparatus, conprisigg neans for decoding the
synbol using a variable-length coding table, and neans for holding not |ess
than two variabl e-1ength coding tables equivalent to the vari abl e-encodi ng
table, and 20 switching the variable-length coding tables in
correspondence widharaqatiored dfn tthetala galdyradeicodedf al ydes map.

Furt hernore, the nmeans for switching the variable-length coding tables is
means for sw tchivigrizple-langth asidingitdblas arnqreparedpatand thrRss t he
reference change pixel. The apparatus with the above arrangenent is 5
characteri zed i n faekalenkangth wasfing gedlsgs are switched in

correspondence with the pattern of the already encoded

5 alpha-map, in encoding/decoding that redubes the number
of encoded bits by encoding the symbol that specifies
the position of a change pixel using the variable-
length coding table. According to the present
invention mentioned above, an effect of further

10 reducing the number of encoded bits of the alpha-map
can be obtained.

According to the present invention, there is
provided a binary image encoding apparatus which serves
as an encoding circuit for a motion video encoding

15 apparatus for encoding motion video signals for a
plurality of frames obtained as time-series data in
units of objects having arbitrary shapes, and has means
for dividing a rectangle area including an object into
blocks each consisting of M x N pixels (M: the number

20 of pixels in the horizontal direction, N: the number of
pixels in the vertical direction), and means for
sequentially encoding the divided blocks in the
rectangle area in accordance with a predetermined rule,
having decoded value storage means for storing a

25 decoded value near the block, image holding means
(frame memory) for storing decoded signals of the

already encoded frame (image frame), a motion



vari abl e-1 ength coding tables are prepared, and these variable-|ength
coding tables are switched in correspondence with the pattern of the

al ready encoded 5 al pha- map, in encodi ng/ decodi ng that reduces the
nunber of encoded bits by encoding the synbol that specifies the position
of a change pi xel using the variable- length coding table. According to the
present invention nentioned above, an effectgof further 10 reduci ng the
nunber of encoded bits of the al pha-map can be obtained. According to the
present invention, there is provided a binary i mge encodi ng apparat us

whi ch serves as an encoding circuit for a notion video encoding 15
appar at us for encstiimgp st /oonpeisa tsiggnal issdudrt £qat Wwealanat igfg fa amdsion
obtained as tine-series data in units of objects having arbitrary shapes,
and has neans f oresdiiiafi i /s omeensagl i@ navad uen alauidich ¢ hen dssjagtad issianadisocks
each consisting of Mx N pixels (M the nunmber 20 of pixels in the

hori zont al directi®brEheninage AaksEnohmednge| (530 memaIit)ic A0HIBANS on) ,

S I T
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storage means, whereby a reference change pixel for
relative address encoding is obtained not from a pixel
value in the block but from a motion estimation/
compensation signal.

10 There is also provided an alpha-map decoder having
means for sequentially decoding a rectangle area
including an object in units of blocks each consisting
of M x N pixels in accordance with a predetermined rule,
means for storing a decoded value near the block, image

15 holding means (frame memory) for storing decoded
signals of the already encoded frame (image frame), a
motion estimation/compensation circuit for generating a
motion estimation/compensation value using the decoded
signals in the image holding means (frame memory), and

20 means for detecting a change pixel as well as a decoded
value near the block with reference to the decoded
value storage means, whereby a reference change pixel
for relative address encoding is obtained not from a
pixel value in the block but from a motion estimation/

25 compensation signal.

With these circuits, the alpha-map information as

subsidiary video information that represents the shape



al ready encoded franme (inmage frane), a notion 6 estimation/conpensati on
circuit for generating a notion estimation/conpensation val ue using the
decoded signals in the image hol ding neans (frame nmenory), and nmeans for
detecting a change pixel as well as a decoded value 5 near the bl ock
with reference to the decoded val ue storage neans, whereby a reference
change pixel for relative address encoding ig obtained not froma pixel
value in the block but froma notion estinmation/ conpensation signal. 10
There is al so provided an al pha-nmap decoder havi ng neans for sequentially
decoding a rectangle area including an object in units of blocks each
consi sting of M N g xdiFedn aact driidanes tiidn dmpreedatagtariasad baul e, neans
for storing a decoded val ue near the bl ock, e 15 hol di ng nmeans
(frame nenory) f@f@%%mm%l%ld§cﬂd£e al ready encoded frane
(image frame), a notion estimation/conpensation circuit for generating a
noti on esti nmati on/ conFSHSHRSFPRRY n]gs O YRR SFRAITHFIME | mage

hol ding means (frame NEmOrY), A 2ns tdPANDA0y 1PREID% 3.90A0ge Rl xe
5 a block, image holding means (frame memory) for storing
decoded signals of the already encoded frame (image
frame), motion estimation/compensation circuit for
generating a motion estimation/compensation value using
the decoded signals in the image holding means (frame
10 memory), means for detecting a change pixel as well as
a decoded value near the block with reference to the
decoded value storage means, and means for switching
between a reference change pixel obtained from an
interpolated pixel or decoded pixel value in the block
15 and a reference change pixel for relative address
encoding, whereby relative address encoded information
is encoded together with switching information.
There is also provided an alpha-map decoder having
means for'sequentially decoding a rectangle area
20 including an object in units of blocks each consisting
of M x N pixels in accordance with a predetermined rule,
means for storing a decoded value near the block, image
holding means (frame memory) for storing decoded
signals of already encoded frame (image frame), a
25 motion estimation/compensation circuit for generating a
motion estimation/compensation value using the decoded

signals in the image holding means (frame memory), and



val ue near the block with reference to the decoded val ue storage neans,
wher eby a reference change pixel for relative address encoding i s obtained
not froma pixel value in the block but froma notion estimtion/ 25
conpensation signal. Wth these circuits, the al pha-map information as
subsidiary video information that represents the shape 7 of an object
and its position in a franme can be efficientgy encoded and decoded.
Furthernore, there is provided a video encodi ng apparatus havi ng neans for
storing a decoded val ue near 5 a bl ock, inmage holding neans (frane
menory) for storing decoded signals of the already encoded frane (inmage
frame), notion estearst iy cbripsnisiatg en ddiamge tpifxrl genersll e aa medaded
estimati on/ conpensati on val ue using the decoded signals in the imge

hol di ng means (freselear therdryock neidils defrentnaestinghe ceonredi xel as
wel | as a decoded val ue near the block wth reference to the decoded val ue
storage means, arftRlRarEtIRgs WMaadtH n@skaddeh v idie means dithge pi xel

obtained froman interpol ated pi xel or decoded pixel value in the bl ock
switching between a reference change pixel obtained

5 from an interpolated pixel or decoded pixél.value in
the block and a reference change pixel for relative
address encoding, whereby a reference change pixel is
obtained in accordance with switching information.

In this case, upon relative address encoding, a
10 process is done while switching whether a reference
change pixel bl is detected from a "current block" as a
block of the currently processed image or from a
"compensated block" as a block of the previously
processed image in units of blocks, and the encoding
15 side also encodes this switching information. The
decoding side decodes the switching information, and
can switch whether a reference change pixel bl is
detected from the "current block" or "compensated
block" on the basis of the decoded switching
20 information. In this fashion, an optimal process can
be done based on the image contents in units of blocks,
and encoding with higher efficiency can be attained.
According to the present invention, a video
encoding apparatus which divides a rectangle area
25 including an object into blocks each consisting of
M x N pixels (M: the number of pixels in the horizontal

direction, N: the number of pixels in the vertical



15 and a reference change pixel for relative address encodi ng, whereby
rel ati ve address encoded information is encoded together with sw tching
information. There is also provided an al pha-map decoder having neans for
sequentially decoding a rectangle area 20 i ncluding an object in units
of bl ocks each consisting of Mx N pixels in accordance with a
predeterm ned rule, neans for storing a decogled val ue near the bl ock, imge
hol di ng nmeans (frane nmenory) for storing decoded signals of already encoded
franme (image frame), a 25 noti on estimation/ conpensation circuit for
generating a notion estinmation/conpensation val ue using the decoded signals
in the i mage hol dlintgpatsiants, (Endarsegquerdrigl lyvamhcoded ridengl ifvgdeatetdaidkeg a
change pi xel as well as a decoded val ue near the block with reference to

t he decoded val udsttidrageahanmie aneaalido arpandpnasansi thora fhadshakr

bet ween a reference change pixel obtained 5 from an |nterpolated plxel
or decoded pi xel Widiask Th-&)hé Dlace i $% Mt teile iRy & 1

;ng: Id\allﬁcgd\(/j\nr teﬁs en ?(rih% 4%13{%2%' a rbee‘aelrneeréc%sck{arﬂgee e|r>§_eelS |dsa obtlanl ned in
5 units of objects having arbitrary shapes, comprises
alpha-map encoding means including a frame memory for
storind a decoded signal of the current frame including
decoded signals near the block and a decoded signal of
the encoded frame in association with an alpha-map

10 signal representing the shape of the object, means for
replacing pixel values in the block by one of binary
values, motion estimation/compensation means for
generating a motion estimation/compensation value using
a decoded signal of the already encoded frame in the

15 frame memory, means for size-converting (up-sampling/
down-sampling) a binary image in units of blocks, means
for encoding a size conversion ratio as side informa-
tion, and binary image encoding means for encoding
binary images down-sampled in units of blocks.

20 The alpha-map encoding means selects the decoded
image of the block from decoded values obtained by
replacing all the pixel values in the block by one of
binary values, motion estimation/compensation values,
and decoded values obtained upon size conversion in

25 units of blocks. Hence, the alpha-map signal can be
encoded with high quality and efficiency, and encoding

can be done at a high compression ratio while



In this case, upon relative address encoding, a 10 process i s done

whi | e 'swi t chi ng whether a reference change pixel bl is detected froma
"current block"™ as a block of the currently processed image or froma
"conpensat ed bl ock™ as a block of the previously processed inmage in units
of bl ocks, and the encoding 15 side al so encodes this swtching
informati on. The decoding side decodes the ggi tching information, and can
switch whether a reference change pixel bl is detected fromthe "current

bl ock™ or "conpensated bl ock™ on the basis of the decoded sw tching 20
information. In this fashion, an optiml process can be done based on the
I mge contents i nmaintsiafinkl bdkgh, iaadeenoaading.w th hi gher efficiency can
be attained. According to the present invention, a video encodi ng apparatus
whi ch divides a rectandilscar @ visleo decoding agprarashjseethiicht o bl ocks each
consisting of Mx N pixels (M the nunber of pixels in the horizontal
direction, N theSRANE8Ltislly deredes eh&egépnpédsl areagigi paétsorL and

sequentially encogﬁs he divided blocks in the rectangle area in accordance
with a predeter- ocks each consisting of M x N pixels (M: the number

5 of pixels in the horizontal direction, N: the number of
pixels in the vertical direction) including an object
in accordance with a predetermined rule so as to decode
motion video signals for a plurality of frames obtained
as time-series data in units of objects having

10 arbitrary shapes, comprises alpha-map decoding means
including a frame memory for storing a decoded signal
of the current frame including a decoded signal near
the block, and a decoded signal of the encoded frame,
means for replacing all pixel values in the block by

15 one of binary values, motion estimation/compensation
means for generating a motion estimation/compensation
value using a decoded signal of the already encoded
frame in the frame memory, means for size-converting a
binary image in units of blocks, and binary image

20 decoding means for decoding down-sampled binary images
in units of blocks.

The alpha-map decoding means selects the decoded
image of the block from decoded values obtained by
replacing all the pixel values in the block by one of

25 binary values, motion estimation/compensation values,
and decoded values obtained upon size conversion in

units of blocks. Hence, a high-quality image can be



m ned rule) so as to encode notion video signals for a plurality of frames
obtained as tine-series data in 5 units of objects having arbitrary
shapes, conprises al pha-map encodi ng nmeans including a frane menory for
storing a decoded signal of the current frane including decoded signals
near the bl ock and a decoded signal of the encoded franme in association
with an al pha-map 10 signal representingihe shape of the object, neans
for replacing pixel values in the block by one of binary val ues, notion
estimati on/ conpensati on nmeans for generating a notion

estimation/ conpensati on val ue using a decoded signal of the already encoded
frame in the 15 decddegwe nenory, neans for size-converting (up-sanpling/
down-sanmpling) a binary image in units of blocks, neans for encoding a size
conversion ratio as si‘%eﬂﬁﬁ%‘% feRT 19 dight PiaRg YedRRy el P reans for

encodi ng binary i s down-sanpled in _units of blocks. 20 he
al pha- map encodi ﬁ SIRGE} 419 AP TABFade iR 3 cﬁ:ltgq“]?%'m-li‘as

d ded I bt ai b |.aci 1] the pixel I i.n the hklock b
decoded, val Ueo RN GRY JSHIGE 10 Ao 0 BB YOS B

I bt ai ned u i I S| in .25 j t ! . th
valueo o6 ned uagi e SO OMT I errdlBad 4 WFARg £ (1

encoding can be 4ong.ats &l Y HUHES Ui didHd MW into blocks,

labeling means for assigning labels unique to the
individual shape modes to the blocks, storage means for
storing the labels in units of frames, determination

10 means for determining a reference block of the previous
frame corresponding to a block to be encoded of the
current frame, prediction means for determining a
prediction value on the basis of at least the labels of
the previous frame held in the storage means, and the

15 reference block, and encoding means for encoding label
information of the block to be encoded using the
prediction value.

A decoding apparatus for decoding shape modes of

an alpha-map in units of blocks, comprises storage

20 means for storing decoded labels in units of frames,
determination means for determining a reference block
of the previous frame corresponding to a block to be
decoded of the current frame, prediction means for
determining a prediction value on the basis of at least

25 labels of the previous frame held in the storage means
and the reference block, and decoding means for

decoding label information of the block to be decoded



10 mai ntai ning high imge quality. Al so, a video decoding apparatus which
sequentially decodes a rectangle area in units of bl ocks each consisting of
Mx N pixels (M the nunber 5 of pixels in the horizontal direction, N
t he nunber of pixels in the vertical direction) including an object in
accordance wth a predetermned rule so as to decode notion video signals
for a plurality of franmes obtained as tine-9eries data in units of objects
havi ng 10 arbitrary shapes, conprises al pha-nmap decodi ng neans
including a frame nenory for storing a decoded signal of the current frame
I ncludi ng a decoded signal near the block, and a decoded signal of the
encoded frame, meing drhe apfetiaigian Ivadivged val ues in the bl ock by 15

one of binary values, notion estimation/conpensation neans for generating a
noti on esti mati on/ congbhsht tRRSSY ARRAAATIRS D MRIVRNEIGHI 37 THRhatRRdy

Thouni ts of bl 0oKS! HHEDIHARPIRGE e (S A e TR R ng
down- sanpl ed bi nacgﬁltailinr?eclfsw}ilenn uanr{ tismaogfe b:'LlsOC isv'ided into units
5 each consisting of a plurality of pixels, e.g.,
16 x 16 pixels), unique labels are assigned to the
shape modes of the blocks and are encoded, and original
alpha-map data is decoded by decoding these labels,
thus attaining efficient encoding.

10 According to the present invention, a video.
encoding apparatus which encodes shape modes in units
of blocks upon encoding an alpha-map in units of blocks
when an image is encoded together with an alpha-map as
information for discriminating the image into an object

15 area and background area, comprises means for setting a
VOP which includes an object and is expressed by a
multiple of a block size, means for dividing the VOP
into blocks, labeling means for assigning labels unique
to the individual shape modes to the blocks, storage

20 means for storing the labels or alpha-maps in units of
frames, determination means for determining a reference
block of the previous frame corresponding to a block to
be encoded of the current frame, prediction means for
determining a prediction value on the basis of at least

25 the labels or alpha-maps of the previous frame held in

the storage means, and the reference block, and

encoding means for encoding label information of the



The al pha- map decodi ng neans sel ects the decoded i nmage of the block from
decoded val ues obtained by replacing all the pixel values in the block by
one of 25 bi nary val ues, notion estimation/conpensation val ues, and
decoded val ues obtained upon size conversion in units of blocks. Hence, a
hi gh-quality i mage can be decoded. A system for encodi ng shape nodes in
units of blocks upon encoding al pha-maps in upits of blocks, has means for
setting a video object plane (VOP) which 5 i ncludes an object and is
expressed by a multiple of a block size, nmeans for dividing the VOP into

bl ocks, | abeling neans for assigning |labels unique to the individual shape
nodes to the bl ockéockt brape emaoded ousshgrilng phediebidbs valuaits of
frames, determ nation 10 means for determning a reference bl ock of the
previ ous frame correspBagthgrrora, btbekappabateacodegroseshetonagenneanane,
prediction nmeans for determ ning a prediction value on the basis of at

| east the |abels BP*tRECHIRGi Dlde fremreReion | rathes sinragttseahsfraness he

15 ref erence bl ock, and encodi ng nmeans for encoding | abel information
of the block to bEN@nSRRI L MRRRheCOMPrises means which can vary a
5 size conversion ratio of a frame in units of frames and

performs encoding in correspondence with the size
conversion ratio, and the determination means comprises
means for determining a reference block of the previous
frame corresponding to a block to be encoded of the
10 current block using the size conversion ratio of the
current frame, and the size conversion ratio of the
previous frame obtained from the storage means.
'Alternatively, the apparatus comprises storage
means for storing size conversion ratios in units of
15 frames, the encoding means comprises means which can
vary a size conversion ratio of a frame in units of
frames and performs encoding in correspondence with
the size conversion ratio, the determination means
comprises means for determining a reference block of
20 the previous frame corresponding to a block to be
encoded of the current block using the size conversion
ratio of the current frame, and the size conversion
ratio of the previous frame obtained from the storage
means, and the prediction means comprises means for,
25 when there are a plurality of reference blocks,
determining a majority label of those of the plurality

of reference blocks as the prediction value.



prediction value. A decoding apparatus for decodi ng shape nodes of an

al pha-map in units of blocks, conprises storage 20 means for storing
decoded |l abels in units of frames, determ nation neans for determning a
reference bl ock of the previous frame corresponding to a block to be
decoded of the current frame, prediction neans for determ ning a prediction

val ue on the basis of at |east 25 | abel gaof the previous frame held in
the storage neans and the reference bl ock, and decodi ng neans for decodi ng
| abel information of the block to be decoded 12 using the prediction

value. Wth these apparatuses, upon encoding an al pha-map in units of macro
bl ocks (divided unit Mdgansitdsied yobttaien@gppairetusn ciompgd sies ¢itPmda® i nt o
units 5 each consisting of a plurality of pixels, e.g., 16 x 16

pi xel s), uni que FeB&Ss fere sioTigdediees Fﬁ@v§ﬁ§p@nn§é§§0§flPh@“ﬂF@c@@ and
are encoded, and original al pha-map data i s decoded by decoding._these

| abel s, thus attéFﬁﬂﬁQreFPPcPéﬁPdéﬁéo@Pﬁﬁs gomprises MeapSoMdilky &M he

pr esent i nvention, a VI deo
vary a 51ze conversion ratio of a frame in units of

5 frames, performs encoding in correspondenbe_with the
size conversion ratio, and encodes the block to be
encoded using one selected from a plurality of types of
variable-length coding tables in accordance with one or
both of the size conversion ratios of the previous and

10 current frames, and the determination means comprises
means for determining a reference block of the previous
frame corresponding to a block to be encoded of the
current block using the size conversion ratio of the
current frame, and the size conversion ratio of the

15 previous frame obtained from the storage means.

A decoding apparatus for decoding shape modes of
an alpha-map in units of blocks, comprises storage
means for storing decoded labels or alpha-maps in units
of frames, determination means for determining a

20 reference block of the previous frame corresponding to
a block to be decoded of the current block, prediction
means for determining a prediction value on the basis
of at least the labels or alpha-maps of the previous
frame stored in the storage means, and the reference

25 block, and decoding means for decoding label
information of the block to be decoded ﬁsing the

prediction value.



encodi_.ng apparatus whi ch encodes shape nodes in units of blocks upon
encodi ng an al pha-map in units of bl ocks when an inmage is encoded together
with an al pha-map as information for discrimnating the image into an

obj ect 15 area and background area, conprises neans for setting a VOP
whi ch includes an object and is expressed by a nultiple of a block size,
means for dividing the VOP into bl ocks, |abejgng neans for assigning |abels
uni que to the individual shape nodes to the blocks, storage 20 nmeans
for storing the |abels or alpha-nmaps in units of frames, determnation
means for determning a reference block of the previous frame correspondi ng
to a block to be encodBbeoépparatusréattheaneomprédest neansewehschotan
determ ning a prediction value on the basis of at |east 25 . the | abel s
or al pha-maps of Y&EY p? evioRiscomeenes hed dratnie hef sa of saee nemnsniwsndof he
reference bl ock, and encoding neans for encoding | abel information of the
13 bl ock to be entdRERS usihg deROFRR2 RS | DIe S LeRVeFRieherabi@, the

appar atus conprises_storage neans for storing size conversion ratios in
units of frames, tRECERbEIRg FRANLVARTR iRAnTeler Pl dingarheasize

5 conversion ratio information, and the determination
means comprises a function of determining the reference
block of the previous frame corresponding to the block
to be decoded of the current frame using the size
conversion ratio of the previous frame read out from

10 the storage means.

Alternatively, the apparatus further comprises
means which can vary a size conversion ratio of a frame
in units of frames, and decodes the size conversion
ratio information, and storage means for holding the

15 size conversion ratio information, the determination
means comprises a function of determining the reference
block of the previous frame corresponding to the block
to be decoded of the current frame using the size
conversion ratio of the previous frame read out from

20 the storage means, and the prediction means determines
a majority label of those of a plurality of reference
blocks as the prediction value if there are the
plurality of reference blocks.

An up-sampling circuit for up-sampling a block of

25 a binary image which is down-sampled to 1/2N (N =1, 2,
3, ...) in both the horizontal and vertical directions,

comprises a memory for holding a decoded value near the



5 .Size conversion ratio of a frame in units of franmes and perforns
encodi ng in correspondence with the size conversion ratio, and the
determ nati on neans conprises neans for determ ning a reference bl ock of
the previous frame corresponding to a block to be encoded of the 10
current bl ock using the size conversion ratio of the current frame, and the
size conversion ratio of the previous franeigbtai ned fromthe storage
nmeans. Alternatively, the apparatus conprises storage nmeans for storing
size conversion ratios in units of 15 frames, the encodi ng neans
conpri ses nmeans which can vary a size conversion ratio of a frame in units
of frames and pebflocks swessdi Hgri pbcaindsgorderdersincle hixedi #eloenwar si on
ratio, the determ nation nmeans conprises nmeans for determning a reference
bl ock of 20 dieenpsenpddaof ithee desedeshyrdiveg hed da il ddie memeaYet®oded
of the current block using the size conversion ratiq of the current frane,
and the size conVdrdl dR RECPFISNCENFithed SQ¥TEaMP 13HCaA¢d o Pdmthse
st orage neans, agﬁ t he predi ction neans COQEJLSGS nmea when

|

ns for, 25
there are a plur 10PN FEATS £ OB GPkSA éﬁ@ﬁhFﬁ@n&agc%MQQWaﬁy | abel of

those of the plurglity of Jeference blocks gs the Bredistion Makiie,,

the block by a factor of 2 in both the horizontal and
vertical directions N times, and is characterized in
that the up-sampling means always uses a reference
pixel value down-sampled to 1/2N.

10 A video encoding apparatus which divides a
rectangle area including an object into blocks each
consisting of M x N pixels (M: the number of pixels in
the horizontal direction, N: the number of pixels in
the vertical direction), and sequentially encodes the

15 rectangle areas in units of the divided blocks in
accordance with a predetermined rule so as to encode
motion video signals for a plurality of frames obtained
as time-series data in units of objects having
arbitrary shapes, and which has setting means for

20 setting an area which includes an object and is
expressed by a multiple of a block size, division means
for dividing the area set by the setting means into
blocks, and means for prediction-encoding motion
vectors required for making motion estimation/

25 compensation in the divided blocks, comprises a memory
for holding a first position vector representing a

position, in the frame, of the area in the reference



14 Alternatively, the apparatus conprises storage neans for storing size
conversion ratios in units of frames, the encodi ng neans conpri ses neans
which can vary a size conversion ratio of a frame in units of 5 frames,
performs encoding in correspondence with the size conversion ratio, and
encodes the block to be encoded using one selected froma plurality of
types of variable-length coding tables in acgprdance with one or both of
the size conversion ratios of the previous and 10 current frames, and
the determ nati on nmeans conprises nmeans for determning a reference bl ock
of the previous frame corresponding to a block to be encoded of the current
bl ock using the sfrxameeneaesddngrmeansoforhencadirgt af sacendapdsihéosi ze
conversion ratio of the 15 previous frame obtained fromthe storage
means. A decodi ngvapparareBresentébegdanposhbpennoiiesthe fnaméphafnbbein
units of blocks, conprises storage neans for storing decoded | abels or

al pha-maps in uni?§ggflFrEﬁ%sFeH%¥%Pﬁ?n5¥ﬁ%ﬁrn%aﬁ@ti@ﬁ VRt EPHi MEMQry f2or

ref erence bl ock oé?iagngrevious frame corresponding to a bl oc

decoded of the cu | BRKLOPr BT EPFBnC FeS %0@%?gﬁ%$%¥%fﬂ?ﬂg %ﬁ%?gHPﬁkion
value on the basi§,0foaln L8438, t0%a' AbShS PLrALROGITBPS O L08:BLoVLOS,
of the block to be encoded using the motion vectors
stored in the motion vector storage means, and
is characterized in that when the motion vector

memory does not store any motion vectors used in the

10 prediction means, a default motion vector is used as a
prediction value, and a difference vector between the
first and second position vectors and zero vector are
selectively used as the default motion vector.

A video decoding apparatus which decodes motion

15 video signals for a plurality of frames obtained as
time-series data in units of objects having arbitrary
shapes, and sequentially decodes a rectangle area in
units of blocks each consisting of M x N pixels (M: the
number of pixels in the horizontal direction, N: the

20 number of pixels in the vertical direction) in
accordance with a predetermined rule, comprises means .
for decoding a prediction-encoded motion vector
required for performing motion estimation/compensation
in the block, means for decoding a prediction-encoded

25 motion vector required for performing motion
estimation/compensation in a reference frame, a memory

for holding a first position vector representing a



frame stored in the storage neans, and the reference 25 bl ock, and
decodi ng neans for decoding |abel information of the block to be decoded
usi ng the prediction val ue. 15 The apparatus further conprises neans
which can vary a size conversion ratio of a frane in units of franmes, and
decodes the size conversion ratio information, and storage neans for

hol ding the size 5 conversion ratio infqmmation, and the determ nation
means conprises a function of determining the reference bl ock of the

previ ous frame corresponding to the block to be decoded of the current
frame using the size conversion ratio of the previous frane read out from
10 t he storagesigdmn, Alnt er fatamegl wi tihe apgesr dtrusHeumtdfmregmepri ses
means whi ch can vary a size conversion ratio of a frane in units of franes,
and decodes the diramezomeansi dionr sidcodimigoamseEcomd aes istigrageatedhs f or
hol di ng the 15 size conversion ratio information, the determ nation
means conpri ses FERRRESNGHNG ad@CSAHLFNNg ithe faa@eon®L pihsclass? tife the

previ ous frane correspondin%_to t he bl ock . .
frame, a motion vector memory for holding motion

5 vectors of corrected blocks near a block to_be decoded,
and prediction means for predicting a motion vector of
the block to be decoded using the motion vectors held
in the motion vector memory, and is characterized in
that when the motion vector memory does not store any

10 motion vectors used in the prediction means, a default
motion vector is used as a prediction value, and one
of a difference vector between the first and second
position vectors and zero vector is selectively used as
the default motion vector.

15 Brief Description of Drawings

FIG. 1 is a schematic block diagram of an encoding
apparatus to which the present invention is applied.

FIG. 2 is a schematic block diagram of a decoding
apparatus corresponding to the encoding apparatus shown

20 in FIG. 1.

FIG. 3 is a block diagram of an alpha-map encoder
of an encoding apparatus to which the present invention
is applied.

FIG. 4 is a block diagram showing the arrangement

25 of an alpha-map decoder applied to a decoding apparatus
corresponding to the encoding apparatus shown in

FIG. 3.



to be decoded of the current frame using the size conversion ratio of the
previous frame read out from 20 the storage neans, and the prediction
nmeans determines a majority |abel of those of a plurality of reference
bl ocks as the prediction value if there are the plurality of reference

bl ocks. An up-sanpling circuit for up-sanpling a block of 25 a binary
i mage which is down-sanpled to 1/2N (N =1, 29 3, ...) in both the

hori zontal and vertical directions, conprises a nmenory for holding a
decoded val ue near the 16 bl ock, nmeans for obtaining a reference pixel

val ue by down-sanpling the decoded value held in the nenory to 1/2N in
accordance W th a downrganpbi g aablockfdilgrahock, aandnoedes ketording
up-sanpling the block to an 5 original size by repeating a process for
up-sanpl i ng the btockhéyfarstcembodim@nt nobothetpeebontzontrahtaod.vertica
directions Ntinmes, and is characterized in that the up-sanpling neans

al ways uses a referencEIfixel igafukbldolindsagpamdofoalfignoded A

vi deo encodi ng apparatus which divides a rectangle area including an object
i nto bl ocks each corresponding to the encoding circuit shown in FIG. 5.

5 FIGS. 7A and 7B are respectively a view showing
the relationship among changing pixels when encoding is
done in units of blocks, and a view showing a reference
area for detecting bl (views showing the relationship
among changing pixels in block base encoding, and a

10 reference area).
FIG. 8 is a flow chart when MMR is done by block
base encoding.
FIG. 9 is a view for explaining the effects of the
encoder shown in FIG. 5, and showing an example of the
15 state around a changing pixel bl.
FIG. 10 is a view for explaining the effects of
the decoder shown in FIG. 6, and showing an example of
a reference pixel.
FIG. 11 is a view for explaining a method of
20 determining a context number.
FIG. 12 is a block diagram of an encoder according
to the second embodiment of the present invention.
FIG. 13 is a block diagram of a decoder
corresponding to the encoder shown in FIG. 12.
25 FIG. 14 is a block diagram of an encoder according
to the third embodiment of the present invention.

FIG. 15 is a block diagram of a decoder



consisting of Mx N pixels (M the nunber of pixels in the horizontal
direction, N the nunber of pixels in the vertical direction), and
sequentially encodes the 15 rectangle areas in units of the divided

bl ocks in accordance with a predeterm ned rule so as to encode notion vi deo
signals for a plurality of frames obtained as tine-series data in units of
obj ects having arbitrary shapes, and which has setting neans for 20

setting an area which includes an object and is expressed by a nultiple of
a bl ock size, division nmeans for dividing the area set by the setting means
into bl ocks, and neans for prediction-encoding notion vectors required for
maki ng noti on escomgespondisg to thepensading cArchd tdishodad il ddks, 14.
conprises a nmenory for holding a first position vector representing a
position, in the fran®&IGs. tied anch 6B ttre vdfesserdfoxr explpimisge théncodi ng
means for encoding a second position vector representing a position, in the
frame, of the ar&&ird erboddmensned thgnPregenst LONNEAOsy RBRoIVY-SWSr

hol di ng notion vectors Qf .decoded bl ocks near the block 5  taq be
encoded, and neatSTf EXPIALAIEL AgCRangingnPidelofletection circuit in

5 inter-frame encoding.

FIGS. 17A and 17B are views for explaining
switching of scan directions.

FIG. 18 is a view showing the state wherein a
frame of an alpha-map used in the present invention is

10 divided into macro blocks (MBs) as units each con-
sisting of a plurality of pixels.

FIG. 19 is a block diagram of an alpha-map encoder
according to the fourth embodiment of the present
invention.

15 FIG. 20 is a block diagram of an alpha-map decoder
corresponding to the encoder shown in FIG. 18.

FIG. 21 is a view for explaining Markov model
encoding.

FIG. 22A is a block diagram of a binary image

20 encoder which selectively uses a plurality of binary
image encoding methods.

FIG. 22B is a block diagram of a binary image
decoder which selectively uses a plurality of binary
image encoding methods.

25 FIGS. 23A and 23B are views for explaining linear
interpolation used in a size conversion (down-sampling/

up-sampling) process.



of the block to be encoded using the notion vectors stored in the notion
vector storage neans, and is characterized in that when the notion vector
nmenory does not store any notion vectors used in the 10 prediction
means, a default notion vector is used as a prediction value, and a

di fference vector between the first and second position vectors and zero
vector are selectively used as the default pwtion vector. A video decodi ng
appar at us whi ch decodes notion 15 video signals for a plurality of
frames obtained as tine-series data in units of objects having arbitrary
shapes, and sequentially decodes a rectangle area in units of blocks each
consisting of Mx N pFd€Ss @NA ahd 3dBbareofripwselfori expieimdmaz ént al
direction, N the 20 nunber of pixels in the vertical direction) in
accor dance with smpp&léngr prae@spul e, .conpri ses neans for decoding a
predi cti on-encoded notion vector required for performng notion

esti mati on/ conpensat i §4G-n 26hd ShRo¥REVERES P ad8dHG Rgoxher example

predi cti on-encoded 25 nmot i on vector required for perfonninglnotion
esti mati on/ conpeREadi SROPRNaANPefdlEREcUFRIMED AhReRERTERGr 1RYFHTAG ™ fir st

position vgctor repre%%gg.ngsi and 26B are views for expléining an

example of the process for attaining 2x up-sampling in
both the horizontal and vertical directions by linear
interpolation.

FIGS. 27A to 27D are views for explaining the

10 interpolated pixel positions and the use range of a
reference pixel in the up-sampling process used in the
present invention.

FIGS. 2BA to 28B are views for explaining an
addition process of a reference pixel in the

15 up-sampling process used in the present invention.

FIG. 29 is a view for explaining another example
of the size conversion process in units of blocks.

FIG. 30 is a view for explaining an example of a
down-sampling process for down-sampling a block (macro

20 block) to a size of "1/2" in both the vertical and
horizontal directions.

FIG. 31 is a view for explaining an example of a
scheme for obtaining a pixel value of a down-sampled
block.

25 FIG. 32 is a view for explaining an example of a
down-sampling process based on pixel thinning.

FIG. 33 is a view for explaining an example of an



18 position, in a frame, of the area in the reference frane, neans for
decodi ng a second position vector representing a position, in a frane, of
tthe area in the frane, a notion vector nenory for holding notion 5
vectors of corrected bl ocks near a block to be decoded, and prediction
means for predicting a notion vector of the block to be decoded using the
notion vectors held in the notion vector nemory, and is characterized in

t hat when the notion vector nenory does not store any 10 notion vectors
used in the prediction neans, a default notion vector is used as a
prediction value, and one of a difference vector between the first and
second position \wgetsampldmg peocessctused dnsdhec presieptuseweas itdre def aul t
motion vector. 15 Brief Description of Drawings FIG.1 is a
schematic bl ock di agr FAGH. AtPedstidtP agarvdes IOTMARH gl g ddwnt
invention is applied. FIG 2 is a schematic bl ock diagram_of a decoding
appar at us corr esPHESF CONRRtENESH A TAIPANS 3 SRowA™Pd 1ng im botd "3

L eh B okl Mot A0 S Phacn Sheqder, oL an crcoding, sppar ot
show ng th% arra%ﬁ%@%ﬂblaﬁion process used in the present invention.

FIG. 35 is a block diagram of an alpha-map encoder
as a combination of size conversion in units of frames
and that in units of small areas according to the fifth
embodiment of the present invention.

10 FIG. 36 is a block diagram of an alpha-map decoder
corresponding to the alpha-map encoder shown in
FIG. 35.

FIG. 37 is a view for explaining an example of
resolutions in units of frames.

15 FIG. 38 is a block diagram of an encoding
apparatus which is illustrated to actually include a
frame memory required in the encoding apparatus shown
in FIG. 35.

FIG. 39 is a block diagram of a decoding apparatus

20 which is illustrated to actually include a frame memory
required in the decoding apparatus shown in FIG. 36.

FIG. 40 is a block diagram of another encoding
apparatus which is illustrated to clearly include a
frame memory required in the encoding apparatus shown

25 in FIG. 35.

FIG. 41 is a block diagram of another decoding

apparatus which is illustrated to clearly include a



25 of an al pha-map decoder applied to a decodi ng apparat us
corresponding to the encodi ng apparatus shown in FIG 3. 19 FIG 51is a
bl ock di agram of an encoder according to the first enbodi nent of the
present invention. FIG 6 is a block diagram of a decoder corresponding to
t he encoding circuit shown in FIG 5. 5 FIGS. 7A and 7B are
respectively a view show ng the relationshi p3zanong changi ng pi xel s when
encoding is done in units-of blocks, and a view showing a reference area
for detecting bl (views showi ng the rel ationship anbng changi ng pixels in
bl ock base encodi ng, and a 10 reference area). FIG 8 is a flow chart
when MVR i s done finansl ocmdiys eegrudoeidngn Ehe dedcsiiagyisgpparert uesx gheown ng
the effects of the encoder shown in FIG 5, and showi ng an exanpl e of the

15 state aroumd F2Ghabgi ng pixel bl. FIG 10 is a view for explaining
the effects of the decoder shown in FIG 6, and show ng an exanple of a
ref erence pixel. FIG. 42A is a block diagram of the frame memory

used in the encoding apparatus of the present
5 invention.

FIG. 42B is a block diagram of the frame memory
used in the decoding apparatus of the present
invention.

FIGS. 43A and 43B are views for explaining a

10 technique associated with the sixth embodiment of the
present invention.

FIGS. 44A and 44B are views for explaining a
technique associated with the sixth embodiment of the
present invention.

15 FIGS. 45A and 45B are views for explaining an
example of frame images Fn-1 and Fn at times n-1 and n
in the present invention, and shape mode information MD
of macro blocks in video object planes CA in the
individual frames Fn-1 and Fn.

20 FIGS. 46A and 46B are views for explaining a
technique associated with the sixth embodiment of the
present invention.

FIG. 47A is a view for explaining an encoding
apparatus associated with the sixth embodiment of the

25 present invention.

FIG. 47B is a view for explaining a decoding

apparatus associated with the sixth embodiment of the



FIG 11 is a view for explaining a nethod of 20 determ ni ng a cont ext
nunber. FIG 12 is a block diagramof an encoder according to the second
enbodi ment of the present invention. FIG 13 is a bl ock diagramof a

decoder corresponding to the encoder shown in FIG 12. 25 FIG 14
I's a block diagramof an encoder according to the third enbodi nent of the
present invention. FIG 15 is a block diagras of a decoder 20

corresponding to the encoding circuit shown in FIG 14. FIGS. 16A and 16B
are views for explaining the third enbodi mrent of the present invention, and
views for explaining a changing pixel detection circuit inb5

I nter-frame encogimgeni GRvehtAoand 17B are views for explaining swtching
of scan directions. FIG 18 is a view showing the state wherein a frane of
an al pha-map used in tBI&G pridsarit 8 Miawk chidgra of andisneRdPy ARG

bl ocks (MBs) as units each con- sisting of a plurality of pixels. FIG 19
is a block diagrd® dheaixtihenpgsdiaeaddef the present invention.

FIGS. 492 and 49B are views for explaining an
5 example of frame images Fn-1 and Fn at times n-1 and n,
and shape mode information MD of macro blocks in wvideo
object planes CA in the individual frames Fn-1 and Fn.
FIGS. 50A and 50B are views for explaining the
states of changes in video object plane and changes in
10 block position corresponding to shape mode information.
FIG. 51 is a view for explaining an encoded data
architecture in a motion video encoding apparatus that
also uses an alpha-map.
FIGS. 52A to 52D are view for explaining a method
15 of coping with an unlabeled portion formed when a
target portion occupied by a wvideo object plane is a
portion of a frame.
FIG. 53 is a view for explaining an example of a
down-sampling process used in the present invention.
20 FIG. 54 is a view for explaining an example of a
down-sampling process used in the present invention.
FIG. 55 is a view for explaining a label
prediction method used in the present invention.
FIG. 56 is a view for explaining a process for
25 restoring a frame from a down-sampled frame by an
up-sampling process used in the present invention.

FIG. 57 is a block diagram of a decoding apparatus



according to the fourth enbodi rent of the present invention. 15

FIG 20 is a block diagram of an al pha-nmap decoder corresponding to the
encoder shown in FIG 18. FIG 21 is a view for explaining Markov nodel
encoding. FIG 22A is a block diagramof a binary inmage 20 encoder

whi ch selectively uses a plurality of binary image encodi ng nethods. FIG
22B is a block diagramof a binary imge de@agder which selectively uses a

plurality of binary imge encodi ng nmethods. 25 FI GS. 23A and 23B
are views for explaining |inear interpolation used in a size conversion
(down-sanpl i ng/ up-sanpling) process. 21 FIGS. 24A and 24B are views for

expl ai ni ng a snoatthithe presens. iFvEntI®n,s whighewsesr lebslls nimg anot her

exanple of a snoothing filter used in the present invention. 5

FI GS. 26A and 26Br&diofiiens for explaining an exanple of the process for

attaining 2x up-sanph§¥£Jrg8 is a flow chart showing an example of an
encoding process procedure used in an encoding

5 apparatus of the present invention.

FIG. 59 is a flow chart showing another example of
the encoding process procedure used in the encoding
apparatus of the present invention.

FIG. 60 is a view for explaining the arrangement

10 order of a bit stream output from an alpha-map encoder
of the present invention.

FIG. 61 is a block diagram showing an example of
the system arrangement according to the sixth
embodiment of the present invention.

15 FIG. 62 is a flow chart for explaining the process
procedure in the sixth embodiment of the present
invention.

FIG. 63 is a flow chart for explaining the process
procedure in the sixth embodiment of the present

20 invention.

FIG. 64 is a view for explaining an example of
motion vector prediction encoding used in the present
invention.

FIGS. 65A and 65B are views for explaining

25 shortcomings of motion vector precision when the motion
of the object position is large in a frame.

FIGS. 66A and 66B are block diagrams of an MV



both the horizontal and vertical directions by linear interpolation. FIGS
27A to 27D are views for explaining the 10 I nt erpol at ed pi xel positions
and the use range of a reference pixel in the up-sanpling process used in
the present invention. FIGS. 28A to 28B are views for explaining an

addi tion process of a reference pixel in the 15 up-sanpling process
used in the present invention. FIG 29 is aggi ew for explaining another
exanpl e of the size conversion process in units of blocks. FIG 30 is a
view for explaining an exanple of a down-sanpling process for down-sanpling
a block (macro 20 bl ock) to a size of "1/2" in both the vertical and
hori zont al direcienorsierFlaGd 3tsi pexiphewaflor iexcplizisniimg aarsyestamplod dthea
schenme for obtaining a pixel value of a down-sanpled bl ock. 25

FIG 32 is a vi epresengxpnyiemtignan exanpl e of a down-sanpling process

based on pixel thinning. FIG 33 is a view for explaining an exanple of an
22 FIG. 67A is a block diagram of an decoder in

the system of the present invention.

5 FIG. 67B is a block diagram of peripheral circuits
of the MV decoder in the system of the present
invention.

Best Mode of Carrying Out the Invention
Embodiments of the present invention will be
10 described hereinafter with reference to the
accompanying drawings. Video encoding and decoding
apparatuses to which the present invention is applied
will first be explained briefly.
FIG. 1 shows a video encoding apparatus that
15 adopts a scheme of encoding an image by dividing a
frame into a background and object. This video
encoding apparatus comprises a subtracter 10, motion
estimation/compensation circuit (MC) 11, orthogonal
transformer 12, quantizer 13, variable length coder
20 (VLC) 14, dequantizer (IQ) 15, inverse orthogonal
transformer 16, adder 17, multiplexer 18, and alpha-map
encoder 20.
The alpha-map encoder 20 has a function of
encoding an input alpha-map signal, and outputting the
25 encoded signal to the multiplexer 18 as an alpha-map
signal, and a function of decoding the alpha-map signal

and outputting the decoded signal as a local decoded



up-sanpling process used in the present invention. FIGS. 34A and 34B are
views for explaining the process contents for attaining 2x up-sanpling in
both the horizontal and vertical directions by a linear 5 i nt erpol ati on
process used in the present invention. FIG 35 is a block diagram of an

al pha-map encoder as a conbination of size conversion in units of franes
and that in units of snmall areas according g the fifth enbodi nent of the
present invention. 10 FIG 36 is a block diagram of an al pha-map
decoder corresponding to the al pha-map encoder shown in FIG 35. FIG 37 is
a view for explaining an exanple of resolutions in units of frames. 15

FIG 38 is a bl oskiafiadgram of an encodi ng apparatus which is illustrated to
actually include a frame nenory required in the encodi ng apparatus shown in
FIG 35. FIG 39 is a Barrddadilayr dheofalphiedsd mpegine abLhrhe  which is
illustrated to actually include a frame nenory required in the decoding
appar at us shown BFSSEEt d@ventdomdass ay IFNGHIN L SHEEHAR Fe PTATERH ng

apparat e WAICh Lo L EhPL A0 308 SHNUIGLS A LIRS o
5 given conversion ratio (magnification) upon encoding an
alpha-map signal in units of blocks, encoding the

alpha-map signal subjected to the resolution down-
scaling process, i.e., the down-sampled alpha-map
signal, multiplexing the encoded alpha-map with

10 conversion ratio information (magnification informa-
tion), and outputting the multiplexed signal to the
multiplexer 18 as an alpha-map signal. As the local
decoded signal, an alpha-map signal obtained by a
process for restoring an alpha-map subjected to the

15 resolution down-scaling process, i.e., the down-sampled
alpha-map, to its original resolution is used.

The subtracter 10 calculates a difference signal
between a motion estimation/compensation signal
supplied from the motion estimation/compensation

20 circuit 11, and an input video signal. The orthogonal
transformer 12 transforms the difference signal
supplied from the subtracter 10 into an orthogonal
transform coefficient in accordance with alpha-map
information, and outputs it.

25 The quantizer 13 is a circuit for guantizing the

orthogonal transform coefficient obtained by the

orthogonal transformer 12, and the variable length



FIG 41 is a block diagram of another decodi ng apparatus which is

illustrated to clearly include a 23 frame nenory required in the
decodi ng apparatus shown in FIG 36. FIG 42A is a block diagramof the
frame nenory used in the encodi ng apparatus of the present 5 i nventi on.

FIG 42B is a block diagramof the frame nmenory used in the decodi ng
apparatus of the present invention. FIGS. 434 and 43B are views for

expl aining a 10 techni que associated with the sixth enbodi mrent of the
present invention. FIGS. 44A and 44B are views for explaining a technique
associated with the sixth enbodi nent of the present invention. 15

FI GS. 45A and 45Badex Vikwsdalesgidinitmten theampitouwf framelierages Fn-1
and Fn at times n-1 and n in the present invention, and shape.node

i nformati on MD ofquartkizen doks iTheimdd igdjesar plémusl tdpligrashehandi vi dual

frames Fn-1 and Fn.
signal encoded by the variable length coder 14 and the

alpha-map signal together with side information such as
5 motion vector information or the like, and outputs the
multiplexed signal as a bit stream.

The dequantizer 15 has a function of dequantizing
the output from the quantizer 15, and the inverse
orthogonal transformer 16 has a function of inversely

10 transforming the output from the dequantizer 15 on the
basis of the alpha-map signal. The adder 17 adds the
output from the inverse orthogonal transformer 16 and a
prediction signal (motion estimation/compensation
signal) supplied from the motion estimation/

15 compensation circuit 11, and outputs the sum signal to
the motion estimation/compensation circuit 11.

The motion estimation/compensation circuit 11 has
a frame memory, and has a function of storing signals
of object and background areas on the basis of the

20 local decoded signal supplied from the alpha-map
encoder 20. Also, the motion estimation/compensation
circuit 11 has a function of predicting a motion
compensation value from the stored image of the object
area, and outputs it as a prediction value, and a

25 function of predicting a motion compensation value from
the stored image of the background area and outputting

it as a prediction wvalue.



20 FI GS. 46A and 46B are views for explaining a technique
associated with the sixth enbodi nent of the present invention. FIG 47A is
a view for explaining an encodi ng apparatus associated with the sixth
enbodi mrent of the 25 present invention. FIG 47B is a view for
expl ai ni ng a decodi ng apparatus associated with the sixth enbodi nent of the
24 present invention. FIG 48 is a block di gpgamof an encoder according to
the sixth enbodi ment of the present invention. FIGS. 49A and 49B are views

for explaining

an 5 exanple of frame inmages Fn-1 and Fn at tinmes n-|

and n, and shape node information MD of macro bl ocks in video object planes
CA in the individual fTheespératiemdofnthe|S8:o400g aappaOBtas ewitbwsheéor

expl ai ni ng the
bl ock position
for explaining
appar at us t hat

10

15

20

25

states of changes in video object plane and changes in 10
corbpeeponenhipned shapangartrnt bk hdee Brp R Bed 1beE0W- vi ew
an_encoded_data architecture in a notion video encoding

al Bee (RREOGH G| FPRATARKMNS receives a video signal and an

alpha-map signal of that video signal. These signals
are divided into blocks each having a predetermined
pixel size (e.g., M x N pixels (M: the number of pixels
in the horizontal direction, N: the number of pixels in
the vertical direction)) in units of frames. Such
division process is done by designating addresses on a
memory (not shown) for storing a video signal in.units
of frames and reading out the video signal in units of
blocks, in accordance with a known technique. The
video signals in units of blocks obtained by the
division process are supplied to the subtracter 10 in
the block position order via a signal line 1. The
subtracter 10 calculates a difference signal between
the input (video signal) and a prediction signal (the
output motion estimation/compensation signal from the
object prediction circuit 11), and supplies it to the
orthogonal transformer 12.

The orthogonal transformer 12 transforms the
supplied difference signal into an orthogonal transform
coefficient in accordance with alpha-map information
supplied from the alpha-map encoder 20, and thereafter,
the orthogonal transform coefficient is supplied to
and quantized by the quantizer 13. The transform

coefficient quantized by the quantizer 13 is encoded by



FIGS. 52A to 52D are view for explaining a nethod 15 of coping with an
unl abel ed portion fornmed when a target portion occupied by a video object
plane is a portion of a frane. FIG 53 is a view for explaining an exanple
of a down-sanpling process used in the present invention. 20 FI G
54 is a view for explaining an exanple of a down-sanpling process used in
the present invention. FIG 55 is a view fo30explaining a | abel prediction
met hod used in the present invention. FIG 56 is a view for explaining a
process for 25 restoring a frame froma down-sanpled franme by an
up-sanpling process used in the present invention. FIG_ 57 is a bl ock

di agram of a decddinyagppdls dengtlpgoden Hé paadskrs iadvontSUdmPLl W8 &P uses
| abel s in prediction. FIG 58 is _a flow chart showi ng an exanpl e of an
encodi ng process $% 42&F il? -an -encoding 5 appar atus of the

A AEARIAR Mo REE S AL p LA
dequantizer 15 is dequantized, and is then inversely
5 transformed by the inverse orthogonal transformer 16.
The inverse transform coefficient is added to a motion
estimation/compensation value supplied from the motion
estimation/compensation circuit 11 by the addexr 17, and
the sum signal is output to the motion estimation/

10 compensation circuit 11 again as a local decoded image.
The local decoded image as the output from the adder 17
is stored in the frame memory in the motion estimation/
compensation circuit 11.

On the other hand, the motion estimation/

15 compensation circuit 11 outputs a "motion
estimation/compensation value of an object" at the
process timing of the block in the object area or a
"motion estimation/compensation value of a background
portion" at other timings to the subtracter 10 on the

20 basis of the local decoded signal supplied from the
alpha-map encoder 20.

More specifically, the motion estimation/
compensation circuit 11 detects based on the local
decoded signal of the alpha-map signal whether a video

25 signal corresponding to a block of the object or a
video signal corresponding to a block of the background

portion is being currently input to the subtracter 10.



apparatus of the present invention. FIG 60 is a view for explaining the
arrangenent 10 order of a bit stream output from an al pha-map encoder
of the present invention. FIG 61 is a bl ock diagram show ng an exanpl e of
t he system arrangenent according to the sixth enbodi nent of the present

I nvention. 15 FIG 62 is a flow chart for explaining the process
procedure in the sixth enbodi nrent of the predent invention. FIG 63 is a
fl ow chart for explaining the process procedure in the sixth enbodi nent of
t he present 20 invention. FIG 64 is a view for explaining an exanpl e
of notion vector prediction encoding used in the present invention. FIGS.
65A and 65B are VifeWhd Grizswitailii r?%t%ts thehdmmninfiast Hotd oiidrkt or
preci sion when the notjon of the object positiqgn is large jn a frame. FIGS.
66A and 66B are BlicFieRMiCRFLERPIUY P 2 BlednhddheaamPiasE pért pher al

circuits in a systemof the . . . . .
ysupplles a motion estimation/compensation signal of the

object to the subtracter 10; if the circuit 11 detects

5 the input period of a video signal corresponding to a
block of the background portion, it supplies a motion
estimation/compensation signal of the background
portion to the subtracter 10.

The subtracter 10 calculates the difference

10 between the input video signal and the prediction
signal corresponding to the area of that image. As
a consequence, the subtracter 10 calculates the
difference signal between the prediction value at the
corresponding position of the object and the input

15 image if the input image is an image in an area
corresponding to the object, or calculates the
difference signal between the prediction value
corresponding to the background position and the input
image if the input image corresponds to that in the

20 background area, and supplies the calculated difference
signal to the orthogonal transformer 12.

The orthogonal transformer 12 transforms the
supplied difference signal into an orthogonal transform
coefficient in accordance with alpha-map information

25 supplied via a signal line 4, and supplies it to the
guantizer 13. The orthogonal transform coefficient is

quantized by the quantizer 13.



present invention. FIG 67A is a block diagramof an M decoder in the
system of the present invention. 5 FIG 67B is a bl ock diagram of
peripheral circuits of the WMV decoder in the system of the present

i nvention. Best Mbde of Carrying Qut the Invention Enbodi ments of the
present invention will be 10 described hereinafter with reference to

t he acconpanying draw ngs. Vi deo encodi ng ag@ decodi ng apparatuses to which
the present invention is applied will first be explained briefly. FIG 1
shows a video encodi ng apparatus that 15 adopts a schene of encoding an
I mage by dividing a frane into a background and object. This video encodi ng
appar at us conpri ses a Thehthreotsdiorn0 coedifigr erdt iquaritorgesbiertdw i on circuit
(MO 11, orthogonal transformer 12, quantizer 13, variable |l ength coder 20
(VLO) 14, dequantdugértizey) 185 isi epeosedobvhdden yaniapdsr demsith ¢odsddadrd 117,
mul ti pl exer 18, and al pha- map encaqder 20. The al pha-map encoder 20 has a
function of encod™h idn lsSutt @& Es $hgndeauandid®pdetri ndhehe 25

encoded signal tg.Lhe ULt I ALOXSL 183 AR T M R 102 g T o
5 dequantized, and is then inversely transformed by the
inverse orthogonal transformer 16. The inverse

transform coefficient is added to the prediction value
supplied from the motion estimation/compensation
circuit 11 to the adder.l7.

10 The local decoded video signal as the output
from the adder 17 is supplied to the motion
estimation/compensation circuit 11. The motion
estimation/compensation circuit 11 detects based on the
local decoded signal of the alpha-map signal whether

15 the adder 17 is currently outputting a signal
corresponding to a block of the object or a signal
corresponding to a block of the background portion. As
a result, if a signal corresponding to a block of the
object is being output, the circuit 11 stores the

20 signal in a frame memory for the object; if a signal
corresponding to a block of the background portion is
being output, the circuit 11 stores the signal in a
frame memory for the background. With this process, an
object image alone is obtained in the frame memory for

25 the object, and an image of a background image alone is
obtained in the frame memory for the background.  Hence,

the motion estimation/compensation circuit 11 can



and outputting the decoded signal as a | ocal decoded 27 signal .
Especially, the al pha-map encoder 20 of the present invention has a
function of executing a process of down-scaling the resolution of an al pha
map at a 5 gi ven conversion ratio (rmagnification) upon encodi ng an

al pha-map signal in units of bl ocks, encoding the al pha-map signal
subjected to the resolution down- scaling prigcess, i.e., the down-sanpl ed
al pha-map signal, multiplexing the encoded al pha-nmap with 10 conver si on
ratio information (magnification informa- tion), and outputting the

mul tiplexed signal to the nultiplexer 18 as an al pha-map signal. As the

| ocal decoded si gredlgulatenlyiten-preglisitgeal vebitvad oed the @hgresdesignags
restoring an al pha-map subjected to the 15 resol uti on down-scaling
process, i.e., thsidautheamitiiattaligltgam@nd ¢can alad gadguladsplthig on i s
used. The subtracter 10 calculates a difference signal between a notion
esti mati on/ conper@distiqyyalua, s itde heshanmndrimpge using the

estimation/conpensation 20 - circuit 11, and an input video signal. The
ort hogonal P image oézthe backgroun&lporélon. P 9

5 As described earlier, the alpha-map énqoder 20
encodes an input alpha-map and supplies the encoded
alpha-map signal to the multiplexer 18 via a signal
line 3.

The transform coefficient output from the variable
10 length coder 14 is also supplied to the multiplexer 18
via the line 4. The multiplexer 18 multiplexes the
encoded values of the supplied alpha-map signal and
transform coefficient with side information such as
motion vector information or the like, and outputs the
15 multiplexed signal via a signal line 5 as an encoded
bit stream as the final output of the video encoding
apparatus.
The arrangement and operation of the encoding
apparatus have been described. That is, upon obtaining
20 an error signal of a certain image, this encoding
apparatus detects in accordance with the alpha-map if
the current block position of the image whose process
is in progress corresponds to an object area position
or background area position, so as to execute motion
25 estimation/compensation using the object and background
images, and calculates the difference using the

prediction value obtained from the object image if the



transfornmer 12 transforns the difference signal supplied fromthe
subtracter 10 into an orthogonal transform coefficient in accordance with

al pha-map information, and outputs it. 25 The quantizer 13 is a
circuit for quantizing the orthogonal transform coefficient obtained by the
ort hogonal transfornmer 12, and the variable I ength 28 coder 14 encodes

and outputs the output fromthe quantizer 134 The nultipl exer 18

mul ti pl exes the signal encoded by the variable | ength coder 14 and the

al pha-map signal together with side information such as 5 notion vector
information or the like, and outputs the nmultiplexed signal as a bit
stream The dequaiiirent Eldels pegidhicn of dthaldqage iviiah tie kripnt from

t he quantizer 15, and the_inverse orthogonal transformer 16 has a function
of inversely 10 PTroqesfifd SIOHTRFRINEDED AN ARt TRA RARIHEGN 1% on t he
basis of the al pha-map signal. The adder. 17 adds, the out put fromthe

i nver se ort hogond}s¥hidto BRSAIGE ig va e aktaigiedi e thhaskground

estimation/ Conpenisnga;[g}eonif itgqnealc,)ursrué)rpt! ib“:\ldocfkr opnc;stihteionrll)tcgoo):nreesS;;oinr@st itoon/a
5 background area position.

In prediction for the object and background, the
motion estimation/compensation circuit holds images of
the corresponding area portions in accordance with the
alpha-map in association with images obtained from the

10 differences, and uses them in prediction. 1In this way,
optimal motion estimation/compensation can be done for
the object and background, thus allowinhg high-quality
video compression encoding and decoding.

On the other hand, FIG. 2 is a block diagram of a

15 decoding apparatus that uses the present invention. As
shown in FIG. 2, the decoding apparatus comprises a
demultiplexer 30, variable length decoder 31,
dequantizer 32, inverse orthogonal transform circuit 33,
adder 34, motion compensation circuit 35, and alpha-map

20 decoder 40.

The demultiplexer 30 is a circuit for
demultiplexing an input encoded bit stream to obtain
encoded signals of an alpha-map signal, image, and the
like, and the alpha-map decoder 40 is a circuit for

25 decoding the encoded alpha-map signal demultiplexed by
this demultiplexer 30.

The variable length decoder 31 is a circuit for



15 conpensation circuit 11, and outputs the sumsignal to the notion
estimati on/ conpensation circuit 11. The notion estimation/conpensation
circuit 11 has a frane nmenory, and has a function of storing signals of

obj ect and background areas on the basis of the 20 | ocal decoded si gnal
supplied fromthe al pha-map encoder 20. Al so, the notion
estimation/conpensation circuit 11 has a fuBstion of predicting a notion
conpensation value fromthe stored i nage of the object area, and outputs it
as a prediction value, and a 25 function of predicting a notion
conpensation value fromthe stored i mage of the background area and
outputting it asdecprédgcthenenapded videg Fhenapedamipbdbhipierad bBHcEBENng
apparatus with the above-nentioned arrangenent will be_explai-ned bel ow. The
encodi ng appar at dsmpéséplesey Jldedndi-hal dapaanhiarpha2napssrghBncsionhat

vi deo signal. These signals 5 are divided into blocks each hayin
pr edet er nmi ned pl?éld§HE§nFézgng he ﬂFSPQ@PsV%ﬂFOtﬁégﬁﬁﬁbEP B BF%@Fg in

the hori contal “diiecton, N g nURbE 0f PLKSLSALY LUSn¥EbLh B rouss

5 33 has a function of making inverse orthogonal
transformation of that coefficient in accordance with
the alpha-map to obtain a prediction error signal, and
the adder 34 adds the prediction error signal to a
motion compensation value from the motion compensation

10 circuit 35 and outputs the sum signal as a decoded
video signal. The decoded video signal serves as the
final output of the decoding apparatus.

The motion compensation circuit 35 stores the
decoded video signal output from the adder 34 in frame

15 memories in accordance with the alpha-map to obtain
object and background images, and obtains motion
compensation signals of the object and background from
the stored images.

In the decoding apparatus with such arrangement,

20 an encoded bit stream is supplied to the demultiplexer
30 via a line 7, and is demultiplexed by the
demultiplexer 30 into various kinds of information,
i.e., a code associated with an alpha-map signal and a
variable length code of a video signal.

25 The code associated with the alpha-map signal is
supplied to the alpha-map decoder 40 via a signal line

8, and the variable length code of the video signal is



di vision process is done by designating addresses on a 10 menory (not
shown) for storing a video signal in units of franes and readi ng out the
video signal in units of blocks, in accordance with a known techni que. The
video signals in units of bl ocks obtained by the division process are
supplied to the subtracter 10 in 15 the bl ock position order via a
signal line 1. The subtracter 10 cal cul ategga di fference signal between
the input (video signal) and a prediction signal (the output notion
estimation/ conpensation signal fromthe object prediction circuit 11), and
supplies it to the 20 ort hogonal transforner 12. The orthogonal
transforner 12 t rsapgfldrets ttchehsuppibied ld flfeergdic desiogiead 3Int 0 an ort hogonal
transform coefficient in accordance with al pha-map i nformation supplied
fromthe al pha-map end@uercad®e asapaipdeshiiidh tis alphawanam tshiggwdalis
transformcoefficient is supplied to and quantized by the quantizer 13. The
t ransf or m coef f i de5RAssLR iBPe @ P aHE Ry Fa9Nade PYL FHes dacosdad 4%y and3Q t he

vari able |l ength coder 14, and iis al so supplied to the de ntizer__15.
g is output to the %nversep%rﬁiogonal traﬂyf%rmer 33 and

5 the motion compensation circuit 35 via a signal line 9.

On the other hand, the wvariable length decoder 31
decodes the code supplied from the demultiplexer 30.
The decoded transform coefficient is supplied to and
dequantized by the dequantizer 32. The dequantized

10 transform coefficient is inversely transformed by the
inverse orthogonal transform circuit 33 in accordance
with the alpha-map supplied via the line 9, and is
supplied to the adder 34. The adder 34 adds the
inverse orthogonal-transformed signal from the inverse

15 orthogonal transform circuit 33, and a motion compen-
sation signal supplied from the motion compensation
circuit 35, thus obtaining a decoded image.

The outline of the video encoding and decoding
apparatuses to which the present invention is applied

20 has been described.

The present invention relates to the alpha-map
encoder 20 as the constituting element of the encoding
apparatus shown in FIG. 1, and the alpha-map decoder 40
as the constituting element of the decoding apparatus

25 shown in FIG. 2, and its detailed embodiments will be
explained below.

The first embodiment will first be described. 1In



The transform coefficient supplied to the dequantizer 15 is dequanti zed,
and is then inversely 5 transforned by the inverse orthogonal
transforner 16. The inverse transformcoefficient is added to a notion
estimati on/ conpensati on val ue supplied fromthe notion
estimation/conpensation circuit 11 by the adder 17, and the sumsignal is
output to the notion estinmation/ 10 conggnsation circuit 11 again as a
| ocal decoded i mage. The | ocal decoded i mage as the output fromthe adder
17 is stored in the frame nmenory in the notion estinmation/ conpensation
circuit 11. On the other hand, the notion estimation/ 15 conpensati on
circuit 11 out putthiz 'emboidimeadt,i mitenoheo mpdadamnumiperalafe egfccaledolijidest " at
the process timng of the block in the object area or a "notion

esti mati on/ conpersatiesinoed by prepardiciggfoma peniabde-dengtiecadifings to
t he subtracter 10 on the 20 basis of the |ocal decoded signal suppl.ied
from t he al pha- méPdifcd¥EC 2@blpor &hafe@ispiicms @ shve thsoden t@stai FEIRSy
conpensation circyit 11 detects based on t he Iocal .decoded skgg of the

al pha- map si gnal REPERTF dE6WENTLY BPGRaPIESCLES En Pt W isthock of
t he obj ect Or @ v?%%oﬁ%%y Ihr? g){orse pondl ggst %&%ﬂ%:'l%%g Qfxetlh%sti%(:k%r ound
portion is~being T u
variable-length coding table, variable-length coding
tables (VLC tables) are adaptively switched in
correspondence with the pixel pattern of the already
encoded/decoded alpha-map, thereby further reducing the
10 number of encoded bits.

This first embodiment is characterized in that a
symbol that specifies the position of a changing pixel
is encoded using a variable-length coding table, and
variable-length coding tables are switched in

15 correspondence with the pattern of the already encoded
alpha-map. |

That is, in this embodiment, the number of encoded
bits is further reduced by adaptively switching the
variable-length coding tables (VLC tables) in

20 correspondence with the pixel pattern of the already
encoded/decoded alpha-map.

The arrangement of the alpha-map encoder 20 used
in the encoding apparatus shown in FIG. 1 wiil be
explained below with reference to FIG. 3.

25 The alpha-map encoder 20 comprises resolution
conversion circuits (down-sampling circuit) 21 and

(up-sampling circuit) 23, binary image encoder 22, and



31 If the circuit 11 detects the input period of a video signal
corresponding to a block of the object, it supplies a notion
estimati on/ conpensation signal of the object to the subtracter 10; if the
circuit 11 detects 5 the input period of a video signal corresponding
to a block of the background portion, it supplies a notion
estimati on/ conpensati on signal of the backgryund portion to the subtracter
10. The subtracter 10 cal cul ates the difference 10 bet ween the input
vi deo signal and the prediction signal corresponding to the area of that
| mage. As a consequence, the subtracter 10 calculates the difference signal
bet ween the predimilitwiplestare 28. t he correspondi ng position of the object
and the input 15 image if the input inmage is an inmage in an area
correspondi ng to t he obf echesercidwitsi ethe heesh Fdeiremoeorvepal obet ween
the prediction val ue corresponding to the background position and the input
image i f the i nplindibige Zoriespsmiyansidmicinruite £ar scalink FOUhERS ea,
and supplies the calculated difference signal to the orthogonal transfornmer
12. resolution, and scales down an alpha-map in accordance
5 with the input conversion ratio. On the other hand,
the resolution conversion circuit 23 is a conversion
circuit for scaling up the resolution, and has a
function of up-sampling an alpha-map in accordance with
the input conversion ratio.
10 The resolution conversion circuit 23 is arranged
for restoring the alpha-map down-sampled by the
resolution conversion circuit 21 to an original size,
and the alpha-map restored to the original size by the
resolution conversion circuit 23 serves as an alpha-map
15 local decoded signal to be supplied to the orthogonal
transformer 12 and the inverse orthogonal transformer
16 via the signal line 4.
The binary image encoder 22 has a function of
making binary image encoding of the down-sampled
20 alpha-map signal output from the resolution conversion
circuit 21 and outputting the encoded signal, and the
multiplexer 24 multiplexes and outputs the binary image
encoded output and conversion ratio information input
via a signal line 6.
25 In the alpha-map encoder 20 with the above-

mentioned arrangement, an alpha-map signal input via an

alpha-map signal line 2 is down-sampled by the



The orthogonal transformer 12 transforns the supplied difference signal
i nto an orthogonal transform coefficient in accordance with al pha-nap

i nformation 25 supplied via a signal line 4, and supplies it to the
quantizer 13. The orthogonal transform coefficient is quantized by the
quantizer 13. 32 The transform coefficient quantized by the quantizer 13

I s encoded by the variable | ength coder 14, 3@gnd is also supplied to the
dequanti zer 15. The transform coefficient supplied to the dequantizer 15 is
5 dequanti zed, and is then inversely transforned by the inverse

ort hogonal transfornmer 16. The inverse transformcoefficient is added to

t he prediction valesolsupmn ednfvesmitome criotciudre &t iartattihen /desmgeed®d on
circuit 11 to the adder 17. 10 The | ocal decoded video signal as
t he out put from tOsavat$don Zatd osuppid_dde dovme sppiled signal is
estimation/conpensation circuit 11. The notion estinmation/ conpensation
circuit 11 detectthassiesy ofhehsowdcsanpd €6dedds iepsadest almdaaimap Signal

si gnal whet her 15 the adder 17 is currently outputting_.a si.gnal
g 1s output via the signal line %. Aﬁso, aglocalgdecoded

5 signal obtained by up-sampling the down-sampled and
encoded alpha-map signal to its original resolution by
the resolution conversion circuit 23 is output to the
orthogonal transformer 12 and inverse orthogonal
transformer 16 shown in FIG. 1 via the signal line 4.

10 More specifically, by supplying setting infor-
mation of a desired sizé conversion ratio to the
alpha-map encoder 20 via the signal line 6, the
trade-off can be attained.

The size conversion ratio supplied via the signal

15 line 6 is supplied to the resolution conversion
circuits 21 and 23 and the binary image encoder 22, and
can control the number of encoded bits of the alpha-map
signal. The size conversion ration code supplied via
the signal line 6 is multiplexed by the encoded

20 alpha-map signal by the multiplexer 24, and the
multiplexed signal is output via the signal line 3.

The output signal is supplied to the multiplexer 18 as
the final output stage of the video encoding apparatus
as the encoded alpha-map signal.

25 The alpha-map decoder 40 used in the decoding
apparatus shown in FIG. 2 will be described below with

reference to FIG. 4.



corresponding to a block of the object or a signal corresponding to a bl ock
of the background portion. As a result, if a signal corresponding to a

bl ock of the object is being output, the circuit 11 stores the 20

signal in a frame nmenory for the object; if a signal corresponding to a

bl ock of the background portion is being output, the circuit 11 stores the
signal in a frame nenory for the background4oWth this process, an object

i mage alone is obtained in the frame nmenory for 25 t he object, and an
i mage of a background image alone is obtained in the frame nenory for the
background. Hence, the notion estimtion/conpensation circuit 11 can 33

cal cul ate the predictifh shiwe iof Rlke dbj ddte iamjw-usimgladndeshj4tt i mage,
and can al so calculate the prediction value of the background. i mrage using
the image of the CRGSAIG pBmEteh image decodernd lyeJ@SPF 34 I ier, the
ajphac e encoder, 20 Sliotes a1 IPYL 2L heIaR AN suppl o (g encoded
coefficient OUtFH&eJJf%nggiégaﬁﬁaqgea circuit for demultiplexing the
5 alpha-map signal which is demultiplexed by the
demultiplexer 30 in the video decoding apparatus shown
in FIG. 2 and is input to the alpha-map decoder 40 into
codes of the alpha-map signal and size conversion ratio
(a setting information signal of the size conversion
10 ratio). The binary image decoder 41 is a circuit
for decoding the code of the alpha-map signal to a
binary image in accordance with the code of the size
conversion ratio demultiplexed by and supplied from the
demultiplexer 43. The resolution conversion circuit 42
15 up-samples the binary image in accordance with the size
conversion ratio code demultiplexed by and supplied
from the demultiplexer 43.
In FIG. 4, the code supplied to the alpha-map
decoder 40 via the signal line 8 is demultiplexed into
20 codes of an alpha-map signal and size conversion ratio
by the demultiplexer 43, and these codes are respec-
tively output via signal lines 44 and 45.
The binary image decoder 41 decodes the down-
scaled alpha-map signal from the code of the alpha-map
25 signal supplied via the signal line 44 and the code of

the size conversion ratio supplied via the signal line

45, and supplies the decoded down-sampled alpha-map



10 | ength coder 14 is also supplied to the nultiplexer 18 via the line
4. The multiplexer 18 multipl exes the encoded val ues of the supplied
al pha-map signal and transform coefficient with side information such as

notion vector information or the |ike, and outputs the 15 mul ti pl exed
signal via a signal line 5 as an encoded bit streamas the final output of
t he video encodi ng apparatus. The arrangenemn1 and operation of the encoding
apparatus have been described. That is, upon obtaining 20 an error

signal of a certain inmage, this encoding apparatus detects in accordance
with the al pha-map if the current block position of the inmage whose process
is in progress cosigrpbnus the areshleiomreenyres i¢nncbrcwicks? ovbal area

position, so as to_execute notion 25 estimati on/ conpensation using the
obj ect and backgrdiee} mbies 4and B iR bt ior cRRYRFeHeR TETEYLEh
prediction value obtained fromthe object image if the . 34 current block

position of the iPRPAIeH FRe FGH THAIRERD A RRA TR oFHEN2 b B bBF ect
area position or Using the prodictionyalie aoi&i fed.fLom the backar eynd
5 ratio supplied via the signal line 45, and outputs it
via the signal line 9.

FIG. 5 shows the alpha-map encoder 20 in FIG. 1 or
the binary image encoder 22 shown in FIG. 3 in more
detail.

10 An alpha-map signal 51 is input to an al detection
circuit 52 and a memory 53 which holds the encoded
alpha-map. The al detection circuit 52 detects the
position of a changing pixel al, as shown in FIGS. 7A
and 7B, and outputs a position signal 54.

15 More specifically, FIG. 7A is a view showing the
relationship among changing pixels when an alpha-map
signal is encoded in units of blocks (e.g., in units of
M x N pixel blocks (M: the number of pixels in the
horizontal direction, N: the number of pixels in the

20 vertical direction)). FIG. 7B is a view showing a
reference area used for detecting a reference changing
pixel bl.

In block base encoding, the changing pixel may be
simplified and encoded as follows. Note that the

25 following process may switch the scan order or may be
applied to down-sampled blocks. Encoding of the

simplified changing pixel is done as follows.



image if the current block position corresponds to a 5 background area
position. In prediction for the object and background, the notion
estimation/ conpensation circuit holds i mages of the correspondi ng area
portions in accordance with the al pha-map in association with inmages

obt ai ned fromthe 10 di fferences, and uses themin prediction. 1In this
way, optimal notion estimation/conpensation4gan be done for the object and
background, thus allow ng high-quality video conpression encodi ng and
decoding. On the other hand, FIG 2 is a bl ock diagramof a 15 decodi ng
apparatus that uses the present invention. As shown in FIG 2, the

decodi ng appar at us corfjet sass_aidefiult i pltaxer) 3nd \abs dhl eréspeg tivebtoder
31,  dequantizer 32, inverse orthogonal transformcircuit 33, adder 34,

nmot i on conpensat iXEPRESANS tadBiresiRff A Phaingl 2order) dl cdEnNNg Thiskels
demul tiplexer 30 is a circuit for demultiplexing an _input encoded bit
stream to obtai n @nhddded &Gitghal)s B M alfiEhdrsiiaingtdge, théhd t he

| i ke, and the al pha-map decoder 40 is a circuit_for 25 decodj ng t he
encoded al pha- mag & ial® If{’qcﬁq SRRy Wﬁmﬁsefdbrﬁﬂ’irﬁﬁ Sert éfla?ﬂée'

vari abl e I%pgth %ﬁﬁp%._i%%éfié%fgééﬁltaffghe to which a changing pixel

a0 belongs. Then, the values of a0 line, r ai (i = 0
to 1), and r bl are obtained by the following
equations:

a0_line = (int)((abs_a0 + WIDTH)/WIDTH) - 1

10 r a0 = abs_al - a0_line * WIDTH
r al = abs_al - a0_line * WIDTH
r_bl = abs_bl - (a0_line - 1) * WIDTH

In the above equations, * indicates a

multiplication, (int)(X) indicates rounding off digits
15 after the decimal point of X, and WIDTH indicates the

number of pixels of a block in the horizontal direction.

By encoding the value of a relative address "r al -

r bl" or "r_al - r_a0" of the changing pixel, a decoded

value is obtained. In this manner, the position of the
20 changing pixel al is detected.

As mentioned previously, information of the
position 54 detected by the al detection circuit 52 is
supplied to a shape mode determination circuit 55. At
the same time, the memory 53 supplies a position signal

25 56 of the reference changing pixel'bl to the shape mode
determination circuit 55.

The shape mode determination circuit 55 determines



35 decodi ng the encoded video signal demultiplexed by the demul tiplexer 30,
and the dequantizer 32 has a function of dequantizing the decoded video
signal to an original coefficient. The inverse orthogonal transformcircuit
5 33 has a function of meking inverse orthogonal transformation of that
coefficient in accordance with the al pha-map to obtain a prediction error
signal, and the adder 34 adds the predictiom3rror signal to a notion
conpensati on value fromthe notion conpensation 10 circuit 35 and
outputs the sum signal as a decoded video signal. The decoded vi deo signal
serves as the final output of the decoding apparatus. The notion
conpensation cirdiie BHps ek tite atewodiethos akidsiaghalganrigm fshaynn Ha
adder 34 in frame 15 menories in accordance with the al pha-map to

obt ai n obj ect and Yacklyr AN thengerermrHnashisdiapse mq%risc&ﬂmqlslﬁdpdﬁ a
signals of the object and background fromthe stored i mages. In the

decodi ng appar at BYWReh SLde de angafat to@n encgdemnafted bit streamis

supplied to the denmultiplexer 30 via a line 7, and, is q?nqlthylexed Qy t he
denul ti pl exer 30 into ¢ TREGG Tef@ kY i R RASPnton of the start point

5 changing pixel is initialized (S1), and the.pixel value
at an initial position (upper left pixel in a block)
is encoded by 1 bit (S2). Subsequently, the reference
changing pixel bl is detected at the initial
position (S3).

10 If the reference changing pixel bl is not detected,
since no changing pixels are present in a reference
area, a vertical mode cannot be used. Hence, the
status of a vertical pass mode is set at "TRUE". On
the other hand, if bl is detected, since the vertical

15 mode can be used, the status of the vertical pass mode
is set at “FALSE".

With the above processes, the initial state has
been set, and the control enters an encoding loop
process.

20 The changing pixel al is detected (S5), and it is
checked if the changing pixel al is detected (S6). If
the changing pixel al is not detected, since no
subsequent changing pixels are present, an encoding
process end code (EOMB; End of MB) indicating the end

25 of encoding is encoded (S7).

As a result of checking in step S6, if the

changing pixel al is detected, the status of the



i.e., a code associated with an al pha-map signal and a variable | ength code

of a video signal. 25 The code associated with the al pha-nap
signal is supplied to the al pha-nmap decoder 40 via a signal line 8, and the
vari abl e I ength code of the video signal is 36 supplied to the variable

| engt h decoder 31. The code associated with the al pha-map signal is decoded
to an al pha-map signal by the decoder 40, amd is output to the inverse

ort hogonal transforner 33 and 5 the notion conpensation circuit 35 via
a signal line 9. On the other hand, the variable | ength decoder 31 decodes
the code supplied fromthe denultiplexer 30. The decoded transform
coefficient is swepltiiedlt passdmddgudst chedkied t(I58 )dequdnttiheest32usTiod
dequanti zed 10 transformcoefficient is inversely transfarned by the

i nver se ort hogonahet vexsicadh pessumedss iisn "§RISY darde eRicol inige PAIOSISESmap
supplied via the line 9, and is supplied to the adder 34. The adder 34 adds
the inverse orthd§oRenet dan$her ¥eatirgdaPassomrdfe (SdPdrsd f1ghe

orthogonal transformcircuit 33, and a notion conpen- _sation signal
suppl i ed from t h&tR&USoR fcshfeNestiiGAL Pass mode is "FALSE", bl 1s

5 detected (S9).

It is then checked if bl is detected (S10). 1If
the reference changing pixel bl is not detected, the
flow advances to the step of a horizontal mode (S13);
if the reference changing pixel bl is detected, it is

10 checked if the absolute value of "r_al - r_bl" is
larger than a threshold value (VTH) (S11). As a result,
if the absolute value is equal to or smaller than the
threshold value (VTH), the flow advances to the step of
the vertical mode (S12); if the absolute value is

15 larger than the threshold value (VTH), the flow
advances to the step of the horizontal mode (S13).

In the step of the horizontal mode (S13), the
value "r_al - r_a0" is encoded. It is then checked if
the value "r_al - r_a0" is smaller than “"WIDTH" (S14).

20 If the value is equal to or larger than "WIDTH", the
status of the vertical pass mode is set at “TRUE" (S15),
and the flow advances to the step of the vertical pass
mede (S16). Upon completion of the step of the
vertical pass mode (S16), the status of the vertical

25 pass mode is set at "FALSE".

Upon completion of one of the vertical mode,

horizontal mode, and vertical pass mode (after



circuit 35, thus obtaining a decoded image. The outline of the video
encodi ng and decodi ng apparatuses to which the present invention is applied
20 has been described. The present invention relates to the al pha-nmap
encoder 20 as the constituting elenent of the encodi ng apparatus shown in
FIG 1, and the al pha-map decoder 40 as the constituting el enment of the
decodi ng apparatus 25 showmn in FIG 2, amd its detail ed enbodi nents

wi |l be explained below The first enmbodinent will first be described. In
37 this enbodi nent, when the total nunber of encoded bits is reduced by
preparing for a variable-length coding table (VLC table) that assigns a
short code to a sympdlettilwat ofpeaaostifigeqpertol yl)porthengodiing can syfntedl iwhi ch
5 specifies the position of a changi ng pixel using the variable-length
codi ng tabl e, varsedblas laemgvh posditiign oifl @ (V16 )t-aldings ther & lanapretpaing

swi tched in correspondence with the pixel pattern of the already

encoded/ decoded &pHANET@FOCEFSr By ST BSr r educi ng the 10 number of

encoded bits. . . . .
When the shape mode is determined in this way, the

5 memory 53 supplies a pattern 59 around the encoded
reference changing pixel bl to a table determination
circuit 60. The table determination circuit 60 selects
one of a plurality of variable length coding tables,
and outputs the selected table.

10 In this case, for example, as shown in FIG. 9, if
an edge extends from an upper right position to a lower
left position above the reference change pixel bl,
since the same edge often linearly extends to a
position below the reference changing pixel bl, al is

15 likely to be present at x1 among pixels x1, x2, and x3.

For this reason, when such pattern is present
above the reference changing pixel bl, a table in which
a short code is assigned to VL1 (r_al - r_bl = -1) is
used.

20 A table determination method will be described
below with reference to FIGS. 10 and 11. In this case,
c0 to ¢5 in two lines above the reference changing
pixel bl shown in FIG. 10 are considered. If each of
these pixels has the same value as thé reference

25 changing pixel bl, "1" is set; if it has a difference
value, "0" is set, and “0" and "1" are arranged in the

order of c0 to ¢c5, as shown in FIG. 11.



This first enbodinent is characterized in that a synbol that specifies the
position of a changing pixel is encoded using a variable-length coding
tabl e, and variable-length coding tables are switched in 15

correspondence with the pattern of the already encoded al pha-map. That is,
in this enbodi nent, the nunber of encoded bits is further reduced by
adaptively switching the variable-length codighg tables (VLC tables) in 20
correspondence with the pixel pattern of the already encoded/ decoded

al pha- map. The arrangenent of the al pha-nmap encoder 20 used in the encoding
apparatus shown in FIG 1 will be explained belowwth reference to FIG 3.
25 The al pha-Aapurecickel P9leenphisibsed dspl conoerciony etlsisn
circuits (down-sanpling circuit) 21 and (up-sanpling circuit).23, binary

i mage encoder 22 ,bamicy vBienidntiglaexdgcizvgl alureselll reriirefentrd to
resol ution conversion circuit 21 is a conversion circuit for scaling down
the resol ution, &% %cPECHoRimeher hare vaf ter accor deerespondence

with the individual context numbers, variable-length
5 coding tables are prepared, for example, as follows:

[When context number = 0]

Vo 1
VL1 010
VR1 011

10 VL2 000010
VR2 000011
EOMB 0001
H 001

[When context number = 1]

15 Vo 010
VL1 1
VR1 000010
VL2 011
VR2 000011
20 EOMB 0001
H 001

[When context number = 2]
The rest is omitted.

In these tables,

25 VL1 represents r_al - r_bl = -1,
VL2 represents r al - r bl = -2,
VR1 represents r al - r bl = 1, and



5 W th the input conversion ratio. On the other hand, the resol ution
conversion circuit 23 is a conversion circuit for scaling up the
resolution, and has a function of up-sanpling an al pha-nmap in accordance
with the input conversion ratio. 10 The resol ution conversion
circuit 23 is arranged for restoring the al pha-map down-sanpl ed by the
resol ution conversion circuit 21 to an origigyal size, and the al pha-nmap
restored to the original size by the resolution conversion circuit 23
serves as an al pha-map 15 | ocal decoded signal to be supplied to the
orthogonal transfornmer 12 and the inverse orthogonal transfornmer 16 via the
signal line 4. The bi TRY remgsseancoderal2- hassh £ uhction of maki ng bi nary
i mge encodi ng of the down-sanpled 20 al pha- map signal output fromthe
resol uti on conversi on B rgig¢ 21 sintceutlputcampettherwneded kighal , and the
mul ti pl exer 24 multiplexes and outputs the binary i mge encoded output and

conversi on ratio 9hffimedd oh ialpg| W Al gRdl ghawe gampde encoded By t he

al pha- map encoder_ 20 with the above- nentioned arrangenent, an al pha-nap
signal input via aPil pa-$RESisfhal line 2 is down-sanpled by the

5 The description will continue referring back to
FIG. 5. The encoder 58 determines a code 62 using a
selected table 11 sent from the table determination
circuit 60, and outputs the determined code 62.

FIG. 6 is a block diagram shéwing the alpha-map

10 decoder 40 as the constituting element of the decoding
apparatus shown in FIG. 2 or the binéry image decoder
41 as the constituting element of the decoding
apparatus shown in FIG. 4 in more detail. This decoder
decodes the code 62 generated in the embodiment shown

15 in FIG. 5.

The code 62 is input to a decoder 63. A memory 64
holds alpha-maps decoded so far, and a pattern 65
around the reference changing pixel bl is sent to a
table determination circuit 66.

20 The table determination circuit 66 selects one of
a plurality of variable-length coding tables, and sends
it as a selected table 67 to the decoder 63. The table
determination algorithm is the same as that in a table
determination circuit 70 shown in FIG. 5.

25 A symbol 68 is decoded using the table 67, and is
supplied to an al decoding circuit 69. The al decoding

circuit 69 obtains the position of al on the basis of



39 resolution conversion circuit 21 at the designated conversion ratio, and
t he down-sanpl ed signal is encoded. The down-sanpl ed and encoded al pha- nap
signal is output via the signal line 3. Also, a |ocal decoded 5 si gha
obt ai ned by up-sanpling the down-sanpled and encoded al pha-map signal to
its original resolution by the resolution conversion circuit 23 is output
to the orthogonal transfornmer 12 and inversqgorthogonal transforner 16

shown in FIG 1 via the signal line 4. 10 More specifically, by
supplying setting infor- nmation of a desired size conversion ratio to the
al pha-map encoder 20 via the signal line 6, the trade-off can be attained.

The size conver sitire rsatnbe1s 8plared avippstitd.osi Fralofl®1 sudplneed firomsups | ed
to the resolution conversion circuits 21 and 23 and the binary image
encoder 22, and cmmamntédol arte dapdsies ¢in @deddedidy t7sl ofp thee aal phatheap

signal. The size conversion ration code supplied via the signal line 6 is
mul ti pl exed by t fecatestiad pd@-map gllpHE eadpiitgnandyis feldlin @ aasony,
and the nultiplexed signal is output via the signal |line 3. The output

signal is suppliéed tf®% H A idR9&M98 as the final output stage of the

Vi n in r . . s
deo e CO% g appa a{&g described above, in the first embodiment, a

plurality of predetermined variable-length coding
tables are switched. The second embodiment which
dynamically corrects the table used in accordance with
the frequencies of actually generated symbols will be

10 explained below with the aid of FIG. 12.

The first embodiment is directed to the apparatus
for switching a plurality of predetermined
variable-~length coding tables. FIG. 12 shows an
embodiment that dynamically corrects the table in

15 accordance with the frequencies of actually generated
symbols. This embodiment has an arrangement in which a
counter 72 and a Hoffman table forming circuit 73 is
added to the encoding apparatus of the first embodiment
shown in FIG. 5.

20 The counter 72 receives a symbol 57 from the shape
mode determination circuit 55 and a context number 74
from the table determination circuit 60. The counter
72 holds the frequencies of symbols in units of context
numbers. A predetermined time after this holding, a

25 frequency 75 of each symbol is supplied to the Huffman
table forming circuit 73 in units of context numbers.

The Huffman table forming circuit 73 forms an encoding



as the encoded al pha-map signal. 25 The al pha-map decoder 40 used
I n the decodi ng apparatus shown in FIG 2 will be described belowwth
reference to FIG 4. 40 As shown in FIG 4, the al pha-map decoder 40
conprises a binary image decoder 41, resolution conversion circuit 42, and
demul ti pl exer 43. The denultiplexer 43 is a circuit for denultiplexing the
5 al pha-map signal which is demultiplexad by the demultiplexer 30 in

t he vi deo decodi ng apparatus shown in FIG 2 and is input to the al pha-map
decoder 40 into codes of the al pha-map signal and size conversion ratio (a
setting information signal of the size conversion 10 ratio). The

bi nary i mage decoddxrledl 6 dameci roguitu fffovand eswdidigng W& widda ,of"Basa.cal pha- map
signal to a binary image in accordance with the code of the size conversion
rati o denul ti pl ededdyyadricrs hsioxad f Shakage d@pul t52558erl 9%83.) .Thdhe
resolution conversion circuit 42 15 up-sanples the binary imge in
accordance with t9Pls 76 denFerslded &9 &heodedemdatigmened iap sigcuit

supplied fromthe denultipl exer 43.
PP 60, and ﬂ%ﬁiaoes the table with the corresponding

5 context number. The formation and replacement of
Huffman tables are done for all the context numbers.

FIG. 13 shows a decoder for decoding a code
generated by the encoder shown in FIG. 12. The
decoding apparatus of the second embodiment shown in

10 FIG. 13 also has an arrangement in which a counter 77
and a Huffman table forming circuit 78 are added to the
decoding apparatus of the first embodiment shown in
FIG. 6.

The operations of the counter 77 and Huffman table

15 forming circuit 78 are the same as those in FIG. 12.

As described above, the first and second
embodiments are characterized in that a plurality of
types of variable-length coding tables are prepared,
and are switched in accordance with the pattern of the

20 already encoded alpha-map in encoding/decoding that
reduces the number of encoded bits by encoding a symbol
which specifies the position of a changing pixel using
a variable-length coding table. According to the
present invention described above, the number of

25 encoded bits of the alpha-map can be further reduced.

An embodiment that obtains a reference changing

pixel for relative address encoding not from a pixel



In FIG 4, the code supplied to the al pha-map decoder 40 via the signal
line 8 is denultiplexed into 20 codes of an al pha-map signal and size
conversion ratio by the derultiplexer 43, and these codes are respec-
tively output via signal lines 44 and 45. The binary i nage decoder 41
decodes the down- scal ed al pha-map signal fromthe code of the al pha-map 25
signal supplied via the signal line 44 and tlpe code of the size conversion
ratio supplied via the signal |ine 45, and supplies the decoded
down- sanpl ed al pha- map 41 signal to the resolution conversion circuit 42
via a signal line 46. The resolution conversion circuit 42 up-sanples the
down- sanpl ed al pivalnep isi gndldcdk ictomisdsitgingalofsiz e bapdckeds t(Ms chee of the
size conversion 5 ratio supplied via the signal line 45, .and outputs it
via the signal |imaber RIfGpikedlsovs tthe dioglizomialeddodertizm,i N :Fitde 1 or
the binary image encoder 22 shown in FIG 3 in nore detail. 10 An
al pha- map si gnal mmbey ofp i xed sard nalt hgetvegtiicd 1c iddagict ion Ja ki ta fisody 53
whi ch hol ds the encoded . i . . . .
motion estimation/compensation signal will be described
5 below as the third embodiment.
FIG. 14 is a block diagram for explaining an
alpha-map encoder according to the third embodiment.
FIG. 15 is a block diagram for explaining an alpha-map
decoder according to the third embodiment.
10 An alpha-map encoder 20 and alpha-map decoder 40
of the present invention will be described below with
the aid of FIGS. 14 and 15, and FIGS. 16A and 16B.
In the third embodiment, as shown in FIG. 14, the
alpha-map encoder 20 comprises a resolution conversion
15 circuit (down-sampling circuit) 21, a resolution
conversion circuit (up-sampling circuit) 23, a binary
image encoding circuit, for example, a block-based MMR
encoder 22, a multiplexer 24, a motion estimation/
compensation circuit 25, and a down-sampling circuit 26.
20 Of these circuits, the resolution conversion
circuit 21 is a conversion circuit for down-sampling,
and encodes an alpha-map signal at a down-sampling
ratio in accordance with an input setting information
signal of a size conversion ratio. The resolution
25 conversion circuit 23 is a conversion circuit for

up-sampling, and has a function of encoding an

alpha-map at an up-sampling ratio in accordance with an



al pha-map. The al detection circuit 52 detects the position of a changing
pi xel al, as shown in FIGS. 7A and 7B, and outputs a position signal 54. 15
More specifically, FIG 7A is a view show ng the rel ationship anong
changi ng pi xel s when an al pha-map signal is encoded in units of blocks
(e.g., inunits of Mx N pixel blocks (M the nunber of pixels in the

hori zontal direction, N the nunber of pixely in the 20 verti cal
direction)). FIG 7B is a view show ng a reference area used for detecting
a reference changing pixel bl. In block base encoding, the changi ng pixel
may be sinplified and encoded as follows. Note that the 25 fol |l ow ng
process may sw t dmpulte upesampildeg aatimy be applied to down-sanpl ed bl ocks.
Encodi ng of the sinplified changing pixel is done as follows.. 42 Let
absai (i = 0 to 1) an@hebsisisalagiest iopaivensdmre sEmcuEddrZes ses qmransgede|
order) of changing pixels ai (i 0 to 1) and bl, which _are obtained in the
raster order frofCth&PrseePliag: tder RdPhermaRe dowamsampled byndhgq i ne

represent a line to i ch a changi i xel
P resayggion conve%sqgnpcércuit 21 to its original size,

5 and the alpha-map up-sampled by the resolution
conversion circuit 23 serves as an alpha-map local
decoded signal which is to be input to the orthogonal
transformer 12 and inverse orthogonal transformer 16
shown in FIG. 1 via a signal line 4.

10 The binary image encoding circuit 22 is a circuit
for making binary image encoding of the down-sampled
alpha-map signal output from the resolution conversion
circuit 21, and outputting the eﬁcoded signal. As will
be described in detail later, the circuit 22 encodes

15 the alpha-map signal using the down-sampled motion
estimation/compensation signal of the alpha-map
supplied from the resolution conversion circuit 26 for
down-sampling via a signal line 82. The multiplexer 24
multiplexes the binary image encoded output and

20 up-sampling ratio information, and outputs the
multiplexed signal.

The arrangement of the encoder in the third
embodiment is different from the circuit arrangement
shown in FIG. 3 in that it comprises the motion

25 estimation/compensation circuit 25 and the resolution
conversion circuit 26 for down-sampling. The motion

estimation/compensation circuit 25 has a frame memory



a0 bel ongs. Then, the values of aOline, r_ai (i =0 to 1), and r_bl are
obt ai ned by the follow ng equations: aline = (int)((abs_aO + WDTH)/ W DTH)
-1 10 r a0 = abs_a0 - a0_ line * WDITH r_al = abs al - aO
line * WDTHr bl = abs bl - (a0 line - 1) * WDTH In the above equati ons,
* indicates a multiplication, (int)(X) indicates rounding off digits 15
after the decimal point of X, and WDTH i ndggates the nunber of pixels of a
bl ock in the horizontal direction. By encoding the value of a relative
address "r_al - r_bl™ or "r al - raQO of the changing pixel, a decoded
value is obtained. In this manner, the position of the 20 changi ng

pi xel al is detedbedstasimgnti deeddpdeimegel pf itheopmetvionsdfy eneodesl ti on
54 .detected by the al detection circuit 52 is supplied to a shape node

det ermi nati on ci £game ,58ndAcanhstozee at dgeodede signedy sBpprdagg! ifeoma the
position signal 25 56 of the reference changing pixel bl to the shape
mode det er m nat i P-ERPPLiNI55ircdtsRipe Fyashgemers ndheomotiipduit 55

det er m nes . . . . . . .
estimation/compensation circuit 25 receives a motion

5 vector signal (not shown), generates a motion
estimation/compensation signal in accordance with this
motion vector signal, and supplies it to the resolution
conversion circuit 26 for down-sampling via a signal
line B1.

10 The resolution convérsion circuit 26 for
down-sampling down-samples the motion compensation
signal supplied from the motion estimation/compensation
circuit 25 via the signal line 81 in accordance with a
setting information signal of a size conversion ratio

15 supplied via a signal line 6, and outputs it to the
binary image encoding circuit 22 via a signal line 82.

When the binary image encoding circuit 22 is
arranged, it encodes the down-sampled alpha-map signal
supplied from the resolution conversion circuit 21 via

20 a signal line 2a to a binary image, and outputs the
binary image.

In the alpha-map encoder 20 with the above-
mentioned arrangement, the setting information signal
of the size conversion ratio supplied via the signal

25 line 6 is supplied to the resolution conversion
circuits 21, 23, and 26, and the binary image encoding

circuit 22 to control the number of encoded bits of an



43 the shape node in accordance with an algorithmshow in FIG 8, and the
determ ned shape node is supplied as a synbol 57 to be encoded to an
encoder 58. Moirre specifically, the position of the start point 5

changing pixel is initialized (S1), and the pixel value at an initial
position (upper left pixel in a block) is encoded by 1 bit (S2).
Subsequently, the reference changing pixel Ix3is detected at the initial
position (S3). 10 If the reference changing pixel bl is not
detected, since no changing pixels are present in a reference area, a
vertical node cannot be used. Hence, the status of a vertical pass node is
set at "TRUE'". Omlpte-otdersimmal . | fTHe dadaletsstiteithg simberndteiorerti cal 15
node can be used, the status of the vertical pass node is set.at "FALSE".
Wth the above prmb)s of Hehg rﬁJtZ%llcQﬁ\é&@m Trdekp sied MpdiRirxebnt r ol
enters an encodi ng | oop process. The chan%ggg pi xel_al is

detected (S5), arfith t @?dﬁ&&@ﬁﬁ|§1H4ﬂrmﬁﬁuﬁﬁ9Rf%n§% W%#?kﬁ%ﬁﬁ%ﬁi%%ﬁ).

| f the changi ng pixel not. det ect ed S|nce no subsequent C n
pi xel s are preserft ‘fa‘hh ﬁ?:‘b]d‘?‘r%l Gifg B L E ’Wg)gl frie

'“d'Cat'“gsihe eU?. The multiplexed signal is supplied as an encoded

alpha-map signal to the multiplexer 18 shown in FIG. 1
as the final output stage of the video encoding
apparatus.

In the alpha-map encoder 20, the resolution

10 conversion circuit 21 down-samples an alpha-map signal
input via the alpha-map input line 2 in accordance with
setting information of a desired size conversion ratio
input via the signal line 6, and supplies the
down-sampled alpha-map signal to the binary image

15 encoding circuit 22.

The binary image encoding circuit 22 encodes the
down-sampled alpha-map signal obtained from the
resolution conversion circuit 21 using the down-sampled
motion estimation/compensation signal of the alpha-map

20 signal supplied from the resolution conversion circuit
25 for down-sampling via the signal line 82, and
supplies the encoded signal as a binary image encoded
output to the multiplexer 24 and the resolution
conversion circuit 23. The multiplexer 24 multiplexes

25 the encoded alpha-map signal as the binary image
encoded output, and the information of the up-sampling

ratio supplied via the signal line 6, and outputs the



25 . of encoding is encoded (S7). As a result of checking in step S6,

the changing pixel al is detected, the status of the 44 vertical pass
node is checked (S8). If the status of the vertical pass node is "TRUE",
encodi ng process is done in the vertical pass node (S16); if the status of
the vertical pass node is "FALSE", bl is 5 detected (S9). It is then
checked if bl is detected (S10). If the refédence changi ng pixel bl is not

detected, the flow advances to the step of a horizontal node (S13); if t
reference changi ng pixel bl is detected, it is 10 checked if the
absolute value of "r_al - rbl" is Iarger than a threshold val ue (VTH)

| f

an

he

(S11). As a resul®ultipkewnediisignale anfludhs sdgnal tloin 3mal | er than the

t hreshol d val ue

(VTH), the flow1advances to the step, of the vertical nod

(S12): if the absol ut PRathRe qEhes handy a’?’beerr??%l’}“f%@t?ﬁ‘ré‘é?ﬁbo‘?/al ue

(VTH), theflowadvance‘ioziﬁo he te%\éﬂe horlpélorgﬁ%ncﬁjg . Inth
t

step of the hori Zontat

is then checked

10

15

20

25

'Jlgnal (binary image encoded output) supplied from the
binary image encoding circuit 22 to an alpha-map signal
of the original resolution in accordance with the
setting information signal of the size conversion ratio
obtained via the signal line 6, and outputs the decoded
signal as a local decoded signal to the motion
estimation/compensation circuit 25, and the orthogonal
transformer 12 and inverse orthogonal transformer 16
shown in FIG. 1 via the signal line 4.

The motion estimation/compensation circuit 25 has
a frame memory, which stores a previous encoded video
frame signal supplied from the resolution conversion
circuit 23 for up-sampling. The motion estimation/
compensation circuit 25 generates a motion
estimation/compensation signal of the alpha-map in
accordance with a separately supplied motion vector
signal, and supplies it to the resolution conversion
circuit 26 for down-sampling via the signal line 81.
The resolution conversion circuit 26 down-samples the
supplied motion estimation/compensation signal in
accordance with the setting information signal of the

size conversion ratio obtained via the signal line 6,

and supplies it to the binary image encoding circuit 22.

The binary image encoding circuit 22 encodes the

e

e

It



the value "r al - r a0" is smaller than "WDTH' (S14). 20 I f the val ue
Is equal to or larger than "WDTH', the status of the vertical pass node is
set at "TRUE" (S15), and the flow advances to the step of the vertical pass

node (S16). Upon conpletion of the step of the vertical

pass node (S16),

the status of the vertical 25 pass node is set at "FALSE'. Upon

conpl etion of one of the vertical node, horggontal node,
node (after 45 conpl etion of encoding up to al), the
set as a new position of aO (S18), and the flow returns
step S5. Wien the shape node is determined in this way,

and vertical pass
position of al is
to the process in
the 5 menory 53

suppl i es a patt edowsgsampled eAphenvepedigakdr ebtaiokandivog pheel bl to a

table determination circuit 60. The table determn nation

circuit 60 selects

one of a plural i BEselurdPnakiacudfglh -86dnag thebreyn-gagrdetp e i0Ke

selected table. 10 In this case, for

shown in FIG 9,

. . . . exanpl e, .a
if an edge exten&§tﬂm&5¥8ﬁ/ﬁﬁﬁ@ﬁnﬁﬁ§ﬁpnp5§HPF&nO@OQEeIS%QZaF@FP posi tion

above the refere%%%p&Q%%g%r%%x%hebkésolution conversion

5 down-sampling.

circuit 26 for

The outline of the alpha-map encoder of the third

embodiment has been described. The alpha-map decoder

will be described below.

As shown in FIG. 15, the alpha-map

decoder 40 of

10 this embodiment comprises a binary image decoding

circuit 41, resolution conversion circuit (up-sampling

circuit) 42, demultiplexer 43, motion estimation/

compensation circuit 44, and resolution

circuit (down-sampling circuit) 45.

conversion

15 Of these circuits, the demultiplexer 43 is a

circuit for demultiplexing an alpha-map

signal, which

is demultiplexed by the demultiplexer 30 in the wvideo

decoding apparatus shown in FIG. 2 and is input to the

alpha-map decoder 40, into codes of an alpha-map signal

20 and size conversion ratio. The binary image decoding

circuit 41 is a circuit for decoding the code of the

alpha-map signal to a binary image in accordance with

the code of the size conversion ratio (the setting

information signal of the size conversion ratio)

25 demultiplexed by and supplied from the demultiplexer 43.

As will be described in detail later, the circuit 41

decodes the code using the down-sampled

motion



since the sane edge often linearly extends to a position below the

ref erence changi ng pi xel bl, al is 15 likely to be present at x| anong
pi xel s x1, x2, and x3. For this reason, when such pattern is present above
t he reference changing pixel bl, a table in which a short code is assigned
to VL1 (r_al - r_bl =-1) is used. 20 A tabl e determ nation

met hod will be described below with referen&® to FIGS. 10 and 11. In this
case, cOto c5 in tw lines above the reference changi ng pixel bl shown in
FIG 10 are considered. If each of these pixels has the sane value as the
reference 25 changi ng pixel bl, "1" is set; if it has a difference
value, "0" is setestaimptipn/nerpensagrion sigmgdd 9f e admda—m#P cO to c5,
as shown in FIG 11. .= 46 A nunerical value obtained by converting this
bi nary val ue i nt SUPRIQheirofhIthe He30 13 48t SIWPLH Ok A TShittexd® Hirfber
hereinafter. In correspandence with the individual context nunbers,

vari abl e-1 ength % S9 Fiﬁ?% ‘es are prepared, for exanple, as foll ows:

[When context number ?H? resolution conversion circuit 42 for

5 up-sampling up-samples a binary image as the code of
the alpha-map signal from the binary image decoding
circuit 41 in accordance with the code of the size
conversion ratio (the setting information signal of the
size conversion ratio) demultiplexed by and supplied

10 from the demultiplexer 43, and outputs the up-sampled
signal.

The arrangement of the decoder in the third
embodiment is different from the decoder shown in
FIG. 4 in that it comprises the motion estimation/

15 compensation circuit 44 and resolution conversion
circuit 45 for down-sampling. The motion
estimation/compensation circuit 44 has a frame memory
for storing a decoded image of the previously decoded
frame, and stores a decoded signal supplied form the

20 resolution conversion circuit 42 for up-sampling. Also,
the circuit 44 receives a motion vector signal (not
shown), generates a motion estimation/compensation
signal in accordance with this motion vector signal,
and supplies it to the resolution conversion circuit 45

25 for down-sampling via a signal line 94.

The resolution conversion circuit 45 down-samples

this motion estimation/compensation signal in



VO 1 VLl 010 VR1 011 10 VL2 000010

VR2 000011 EQVB 0001 H 001 [Wen context nunber = 1]
15 VO 010 VL1 1 VR1 000010 VL2 011
VR2 000011 20 EOVB 0001 H 001 [ When
context nunber = 2] The rest is omtted. In these tables, 25 VL1
represents r al - r bl = -1, VL2 represents gal - r_bl = -2, VRl represents

r al - r bl =1, and 47

accordance with the setting information signal of the
size conversion ratio supplied via a signal line 92,
and outputs it to the binary image decoding circuit 41
via the signal line 95.

5 In the alpha-map decoder 40 with the above-
mentioned arrangement, a code supplied to the alpha-map
decoder 40 via a signal line 8 is demultiplexed into
codes of an alpha-map signal and size conversion ratio
by the demultiplexer 43, and these codes are respec-

10 tively output via a signal line 91 and the signal
line 92.

As will be described in detail later, the binary
image decoding circuit 41 decodes the down-sampled
alpha-map signal by performing a decoding process for

15 obtaining a binary image in accordance with the code of
the alpha-map signal supplied via the signal line 91
and the code of the size conversion ratio (the setting
information signal of the size conversion ratio)
supplied via the signal line 92 using the down-sampled

20 motion estimation/compensation signal of the alpha-map
supplied from the resolution conversion circuit 45 for
down-sampling via the signal line 95, and supplies the
decoded image to the resolution conversion circuit 42
via a signal line 93.

25 The resolution conversion circuit 42 up-samples
the down-sampled alpha-map signal decoded by the binary

image decoding circuit 41 on the basis of the code of



VR2 represents r al - r bl =2, In FIG 9, since the context nunber =1 is
obtai ned, a table in which VLI above can be encoded by 1 bit is selected. 5
The description will continue referring back to FIG 5. The encoder 58
determ nes a code 62 using a selected table 11 sent fromthe table

determ nation circuit 60, and outputs the determ ned code 62. FIG 6 is a
bl ock di agram showi ng t he al pha-map 10 ddcoder 40 as the constituting
el enent of the decodi ng apparatus shown in FIG 2 or the binary inmge
decoder 41 as the constituting el enent of the decodi ng apparatus shown in
FIG 4 in nore detail. This decoder decodes the code 62 generated in the
enbodi ment shown ti® sizq rqEversiompatigiewplied wa the £igeddddns. A
menmory 64 hol ds al pha- maps decoded so far, and a pattern 65 around the

ref erence changi n‘bé)ﬁg(és He jdecdf amn S Rhayme R tidnd lvatatth QRS W8 20

The table determ at}i}?cg)n circuit 66 selects one .of agol urality of
vari abl e-1 ength IaR) SHInNah ¥ g SN s & 1%cted table 67 to the

o et o o B DS L AR Sl SR APl 2,
decoded USiSng th%léd%ﬁees %he El:f?)(évri—%ampled alpha-map signal (binary image
encoded output) supplied from the binary image decoding
circuit 41 in accordance with the setting information
signal of the size conversion ratio obtained wvia the
signal line 92 so as to obtain a local decoded signal,
10 and outputs the obtained local decoded signal to the
motion estimation/compensation circuit 44.

On the other hand, the motion estimation/
compensation circuit 44 has a frame memory, which
stores a decoded image of the previously encoded frame,

15 supplied from the resolution conversion circuit 42 for
up-sampling. The motion estimation/compensation
circuit 44 generates a motion estimation/compensation
signal of an alpha-map in accordance with a separately
supplied motion vector signal, and supplies it to the

20 resolution conversion circuit 45 for down-sampling via
the signal line 94. The resolution conversion circuit
45 down-samples the supplied motion estimation/
compensation signal in accordance with the setting
information signal of the size conversion ratio

25 obtained via the signal line 92, and supplies it to the
binary image decoding circuit 41.

The binary image decoding circuit 41 decodes the



supplied to an al decoding circuit 69. The al decoding circuit 69 obtains
the position of al on the basis of 48 the synbol 68 and a position 70 of
bl supplied fromthe nmenory 64, and decodes an al pha-nap 71 up to al. The
decoded al pha-map 71 is output, and is held in a nenory 74 for future
decoding. 5 As descri bed above, in the first enbodi nent, a
plurality of predeterm ned variable-length g9di ng tables are switched. The
second enbodi nent which dynam cally corrects the table used in accordance
with the frequencies of actually generated synbols will be 10 expl ai ned
below with the aid of FIG 12. The first enbodinment is directed to the
appar at us for swalghargap Eignalli throof tivee demerltipdexear idabliar | engt h codi ng
tables. FIG 12 shows an enbodi ment that dynamically corrects the table in
15 accor danc@ofiaddanee Widdudhe o tdfinge ivdlorpaddirer stigmady @folthe Thi s
enbodi nent has an arrangenent in which a counter 72 and a Hoffman table
forming circuit P33Ss calyegsion ratdec daiony thsp demuld igrlengs i3 ssing

enmbodi nrent shown in FI G 5. ) . . . .
the down-sampled motion estimation/compensation signal

5 of the alpha-map supplied from the resolutiqn
conversion circuit 45 for down-sampling.

This concludes the description concerning the
outline of the decoder to which the present invention
is applied.

10 As has already been.described above, the
arrangement of the encoder in the third embodiment
according to the present invention is different from
that of the encoder of FIG. 3 in that it comprises the
motion estimation/compensation circuit 25 and down-

15 sampling circuit 26, and the arrangement of the decoder
is different from that of the decoder shown in FIG. 4
in that it comprises the motion estimation/compensation
circuit and the down-sampling circuit 45.

The motion estimation/compensation circuit 25 or

20 44 has a frame memory for storing a decoded image of
the previously encoded frame, and stores a decoded
signal supplied from the up-sampling circuit 23 or 42.
Furthermore, the motion estimation/compensation circuit
25 or 44 receives a motion vector signal (not shown),

25 generates a motion estimation/compensation signal in
accordance with the received motion vector signal, and

supplies that signal to the down-sampling circuit 26 oxr



20 - The counter 72 receives a synbol 57 fromthe shape node
determ nation circuit 55 and a context nunber 74 fromthe table

determ nation circuit 60. The counter 72 holds the frequencies of synbols
in units of context nunbers. A predetermned tinme after this holding, a 25
frequency 75 of each synbol is supplied to the Huffrman table form ng
circuit 73 in units of context nunbers. Thegluffrman table formng circuit
73 fornms an encodi ng 49 table 76 based on Huffman encoding (Fujita,
"Basic Information Theory", Shokodo, pp. 52-53, 1987). The table 76 is
supplied to the table determ nation circuit 60, and replaces the table with
t he correspondi ng%via thentsdgnajudbee 81Tlee Pdr.mati on and repl acenent of
Huf-f man tabl es are done for all the context nunbers. FIG 13 shows a

decoder for decodi ng ®scdde gotdom Feahpn Isd gddodar Mt (veciag 12, The
decodi ng apparatus of .the second enbodi nent shown in 10 FIG 13 also
has an arrangenefLangln¥seR dncShet BPtEPNaRE LoMAKLOR T OFRETE 30M ng
circuit 78 are added o tfje degeding appargtug,of the Lirst embodimnt
5 FIGS. 1 and 2 may be used, and an alpha-map motion
vector detection circuit may be arranged in the
alpha-map encoder 20 to obtain an alpha-map mdtion
vector signal.
More specifically, since various methods of
10 obtaining a motion vector signal to be supplied to the
motion estimation/compensation circuit 25 or 44 are
known, and are not related to the present invention, a
detailed description thereof will be omitted here.
The down-sampling circuit 26 or 45 down-samples a
15 motion compensation signal supplied via the signal
lines 81 and 94 in accordance with the setting
information signal of the size conversion ratio
supplied via the signal lines 6 and 92, and outputs the
down-sampled signal via the signal lines 42 and 92.
20 When the binary image encoder 22 is to be arranged,
a down-sampled alpha-map signal supplied via a signal
line 2a is subjected to binary image encoding and is
output.
Note that the binary image encoder 22 according to
25 this embodiment is fundamentally different from the

encoder shown in FIG. 3 in that it has a function of

" encoding using a down-sampled alpha-map motion



The operations of the counter 77 and Huffman table 15 formng circuit
78 are the same as those in FIG 12. As described above, the first and
second enbodi nents are characterized in that a plurality of types of

vari abl e-1 ength coding tables are prepared, and are switched in accordance
with the pattern of the 20 al ready encoded al pha-map in
encodi ng/ decodi ng that reduces the nunber ofsiencoded bits by encoding a
synbol which specifies the position of a changing pixel using a

vari abl e-1ength coding table. According to the present invention described
above, the nunber of 25 encoded bits of the al pha-map can be further
reduced. An enbodistema ttiloat/ cobpensa td anefsdigmede seip@igiesy viiaxdthef grignallat i ve
address encoding not froma pixel 50 value in a block consisting of Mx
N pixels (M the ld®meb&2-of pixels in thhe horizontal direction, N the

nunber of pixels in the vertical directiqn) but froma notion
estimati on/ conpensat i oS gHdifstignce&ides &g siwFaribed gat sptad k Rekawr d

enbodinent. FIG 14 is | ock di agr for expl ai nji ng an _al pha- map encoder
according to the third odﬂ"#jF\eri’P’l.c9 168 'a¥e Views Tor’ explaining &

5 method of encoding using a motion estimation/
compensation signal, and show one of divided
N x M pixel image blocks in an image in units of .frame
images.
In FIGS. 16A and 16B, "current block" is a block
10 to be processed, i.e., the block of the input current
image to be processed. On the other hand, "compensated
block" is a compensation block, i.e., the block of the
previously processed image.
In the first embodiment, a reference changing
15 pixel bl on a block of an alpha-map corresponding to
that of the current image to be processed is detected
in the same "current block" as that from which changing
pixels a0 and al are detected.
On the other hand, in the third embodiment shown
20 in FIGS. 14 and 15, the reference changing pixel bl is
detected from the "compensated block" as the motion
estimation/compensation signal, and this is the new
concept. More specifically, the reference block
changing pixel bl on the block of an alpha-map
25 corresponding to the block of the current image to be
processed is detected from the "compensated block" as

the motion estimation/compensation signal.



FIG 15 is a block diagramfor explaining an al pha-map decoder according to
the third enbodi nent. 10 An al pha-map encoder 20 and al pha- map
decoder 40 of the present invention will be described below with the aid of
FIGS. 14 and 15, and FIGS. 16A and 16B. In the third enbodi nent, as shown
in FIG 14, the al pha-map encoder 20 conprises a resolution conversion 15
circuit (down-sanpling circuit) 21, a resol @3 on conversion circuit
(up-sanpling circuit) 23, a binary imge encoding circuit, for exanple, a
bl ock- based MVR encoder 22, a nultiplexer 24, a notion estimation/
conpensation circuit 25, and a down- sampling circuit 26. 20 O
these circuits, the rebolthisremerdineton the cdeteotion neanhef sthe
circuit for down- sanpling, and encodes an al pha-map signal at.-a

down- sanpl i ng r atFRETFERER FRAMEIODiRIEHh bhp’{ﬂto%%tltﬁ rfglﬁﬁﬁléﬁ’ﬁra»t iR si gnal
of a size conversion rati he. resaql ut.ii on 25 conversion circuit 23 is

a conversion circ&ht°4 ’d?g)L)ﬂF H‘d}gr’@ GhdthAone AT I Ir oS an

Ch e oy AT AP 4T, SEISEES Y o dIH ene

5 previous embodiment.
In FIGS. 16A and 16B, a0 is the start point
changing pixel, and encoding has already been done up
to the start point changing pixel al. Also, al is a
changing pixel next to the start point changing pixel

10 a0, and b0 is a pixel at the same position as a0 .in the
"compensated block" (but which pixel is not always a
changing pixel). If "a0 - line" represents a line to
which a0(b) belongs, the reference changing pixel b0 is
defined as follows.

15 Let abs_x be the address of pixel X when pixels in
the block are scanned in the raster order from the
upper left pixel. Note that the address of the upper
left pixel of the block is "0".

If abs_b0 < abs_bl, and a changing pixel indicated

20 by mark "X" is located on "a0 - line", the first
changing pixel with a color opposite to that of "aQ" is
determined to be the reference changing pixel bl; if
the changing pixel is not located on "a0 - line", the
first changing pixel on that line is determined to be

25 the reference changing pixel bl.

FIG. 16A shows the case wherein the changing pixel

is not located on "a0 - line". In this case, the first



The resolution conversion circuit 23 is arranged for up-sanpling the

al pha-map down-sanpl ed by the resolution conversion circuit 21 to its
original size, 5 and the al pha-nmap up-sanpled by the resolution
conversion circuit 23 serves as an al pha-map | ocal decoded signal which is
to be input to the orthogonal transformer 12 and inverse orthogonal
transfornmer 16 shown in FIG 1 via a signal g3ne 4. 10 The binary
i mge encoding circuit 22 is a circuit for making binary i mage encodi ng of
t he down-sanpl ed al pha-nmap signal output fromthe resol ution conversion
circuit 21, and outputting the encoded signal. As will be described in
detail later, theclanging pixehcuddthe hext tine dpidetrpniiemhdio )8 ng t he
down- sanpl ed noti on estimati on/ conpensation signal of the al pha-map
suppl i ed fromthe"®®sol uti on conversion circuit 26 for down-sanpling via a
signal line 82. The nultiplexer 24 nmultiplexes the binary inmge, encoded
out put and 20 up- sBFBt | BB rehees i R rTRES d’f’]‘}e%‘?ﬂ"o*iﬁ%ﬁ%a %Eng pixel

mul ti pl exed signa). The arrangement pf‘;hegﬁgc der in the third enbodj ment
is different from¥ @i art nt H B FHHFT nat®iTe°r

COMDr Ses e TOULRR: e LA EEE T (bl Leudo Bhar bt M,
that pixel is not determined to be "bl", but the first
changing pixel on the next line is determined to be
"bl".

Note that the values of "al - line", "r ai (i =0
10 to 1)", and r_bl" are obtained by calculating the

following equations:

a0 - line = (int)((abs

a0 + WIDTH)/WIDTH - 1

r - a0 = abs - a0 - a0 line * WIDTH

r - al abs - al - a0 line * WIDTH
15 r - bl = abs - a0 - bl - line * WIDTH
In these equations, * means a multiplication,
(int) (X) means rounding off by dropping digits after
the decimal point of X, and WIDTH indicates the number
of pixels of a block in the horizontal direction.

20 In the present invention, since the definition of
the reference changing pixel bl is different from the
above embodiment, that of "r bl" is changed like in the
above eqguation.

The encoding method described above with the aid

25 of FIGS. 16A and 16B is an example of a method of

obtaining the reference changing pixel bl from the

"compensated block", and detection of the reference



estimation/ conpensation circuit 25 has a frame nenory 52 for storing a
decoded i mage of the previously encoded frame, and can store a decoded
signal supplied fromthe up-sanpling circuit 23. Furthernore, the notion
estimati on/ conpensation circuit 25 receives a notion 5 vector signal
(not shown), generates a notion estimtion/conpensation signal in
accordance with this notion vector signal, @ad supplies it to the

resol ution conversion circuit 26 for down-sanpling via a signal line 81. 10
The resolution conversion circuit 26 for down-sanpling down-sanples the
noti on conpensation signal supplied fromthe notion estinmation/conpensati on
circuit 25 via thhasigimg piixed 31 mayadeovdamicmsiliy madisftad .ng i nf or mat i on
signhal of a size conversion ratio 15 supplied via a signal line 6, and
outputs it to the bindfhe ihﬁd@@)érﬁéﬂﬁgwnﬁchﬁm tébxan detegyrdhe | i ne 82.
When the binary i mage encoding circuit 22 is arranged, it encaodes the

down- sanpl ed al pH& NGeyeAaNging iRddkealr S e 1% So | dAWTE BN si on

circuit 21 via 20 a signal line 2a to a pinary i e, and qutputs the
alpha-map motion eséimation compggsg¥¥%n gignéi P

5 ("compensated block") supplied via the signgl line 95
in the same manner as in the binary image encoder 22.

Furthermore, whether the reference changing pixel
bl is detected from the "current block" or "compensated
block" may be switched in units of blocks. 1In this

10 case, the binary image encoder 22 encodes switching
information together, and the binary image decoder 41
also decodes the switching information. Upon decoding,
whether the reference changing pixel bl is detected
from the "current block" or "compensated block" is

15 switched in units of, e.g., blocks, on the basis of the
switching information.

In this fashion, optimal processes can be done
based on the image contents in units of blocks, and
encoding with higher efficiency can be realized.

20 On the other hand, means for switching the scan
order may be arranged, and the scan order may be
switched to a horizontal scan, as shown in FIG. 17A or
to a vertical scan, as shown in FIG. 17B, thus reducing
the number of changing pixels and further reducing the

25 number of encoded bits. Such means also leads to
encoding with higher efficiency.

As described above, the third embodiment provides



bi nary image. In the al pha-map encoder 20 with the above- nentioned
arrangenent, the setting information signal of the size conversion ratio

supplied via the signal 25 line 6 is supplied to the resolution
conversion circuits 21, 23, and 26, and the binary imge encoding circuit
22 to control the nunber of encoded bits of an 53 al pha-map signal. The

code (setting information signal) of the sizg conversion ratio is
mul ti pl exed with the encoded al pha-nmap signal by the nultiplexer 24, and
the nmultiplexed signal is output via a signal line 5 3. The
mul ti pl exed signal is supplied as an encoded al pha-map signal to the
mul ti pl exer 18 showenacoderGwhiicds arfwdasnan aligha-msipagdadf ddporasetdes
encodi ng apparatus, In the al pha-map encoder 20, the resolution 10
conversi on cir cuithe Bhd@m-ofamsl @b jertaligha mgt igingvdlddonmncoding he
al pha-map input line 2 in accordance with setting information of a desired
si ze conversion rARRAFItsuWhiich Emeagdeasn Aotijore va.degm & iGN €91 e
down- sanpl ed alpha-na%:signal to the hinary jmge . ) )

plurality of frames obtained as time-series data in

5 units of objects having arbitrary shapes.

More specifically, there is provided but a motion
video encoding apparatus, which has an encoder for
sequentially encoding a plurality of blocks, obtained
by dividing a rectangle area including an object into

10 M x N pixel blocks (M: the number of pixels in the
horizontal direction, N: the number of pixels in the
vertical direction), in the rectangle area in
accordance with a predetermined rule, and performing
relative address encoding for all or some of the blocks,

15 a memory for storing decoded values near the block, a
frame memory for storing a decoded signal of the
already encoded frame, a motion estimation/compensation
circuit for generating a motion estimation/compensation
value using the decoded signal in the frame memory, and

20 a detection circuit for detecting a changing pixel as
well as the decoded value near the block, and which
obtains a reference changing pixel for relative address
encoding not from pixel values in the block but from
the motion estimation/compensation signal.

25 There is provided a motion video encoding

apparatus which has, in an alpha-map decoder, a

decoder for sequentially decoding blocks consisting of



15 - encoding circuit 22. The binary inmge encoding circuit 22 encodes

t he down-sanpl ed
circuit 21 using
t he al pha-nmap 20
25 for down-sanp

al pha-map signal obtained fromthe resol ution conversio

t he down-sanpl ed notion estinmation/conpensation signal
signal supplied fromthe resolution conversion circ

ling via the signal line 82, and supplies the encoded

signal as a binary inmge encoded output to ghe nultiplexer 24 and the

resol uti on conve

n
of
uit

rsion circuit 23. The nultiplexer 24 nultiplexes 25 t he
encoded al pha-map signal as the binary image encoded output, and the
he up-sampling ratio supplied via the signal line 6, and

i nformati on of t

out puts the 58 muNt ppketedisi gnakcbangleharebaghatrlhdhng3anOabiigetother
hand, the resolution conversion circuit 23 decodes the down-sanpl ed/ encoded

al pha- map signa

aceprapRCRngsheAc PYRESEBEBLNEIS TBPRI e8 NPBATYHECS

bi nary i mage encoding circuit 22 ti an algha-nap signal of the original
BEFI AESF PB :

resol ution in ac8&PgaR8ecdRFPASHNEA

nt8BrRLPEK  sPghERMEf "ERETY ze

BEi Af

conver si on ratlofgbtalned via the |8naL Ilgeog,tggda ggggts t he dgcoded

5

10

15

20

25

y encode

r storing a decoded signa
frame, a motion estimation/compensation cirquit for
generating a motion estimation/compensation circuit for
generating a motion estimation/compensation value using
the decoded signal in the frame memory, and a detection
circuit for detecting a changing pixel as well as the
decoded values near the block, and which obtains a
reference changing pixel for relative address encoding
not from pixel values in the block but from the motion
estimation/compensation signal.

With this apparatus, alpha-map information as
subsidiary video information representing the shape
of an object and its position in the frame can be
efficiently encoded and decoded.

There is also provided a motion video encoding
apparatus which has a decoded value storage circuit for
storing decoded values near the block, a frame memory
for storing a decoded signal of the already encoded
frame, a motion estimation/compensation circuit for
generating a motion estimation/compensation value using
the decoded signal in the frame memory, a detection
circuit for detecting a changing pixel as well as the

decoded values near the block with reference to

information of the stored decoded value of the decoded



signal as a |ocal decoded signal to the notion 10
estimation/conpensation circuit 25, and the orthogonal transfornmer 12 and

i nverse orthogonal transformer 16 shown in FIG 1 via the signal |ine 4.
The notion estimation/conpensation circuit 25 has a frame nenory, which
stores a previous encoded video 15 frame signal supplied fromthe

resol ution conversion circuit 23 for up-sanpgyng. The notion estimation/
conpensation circuit 25 generates a notion estination/conpensation signal
of the al pha-map in accordance with a separately supplied notion vector 20
signal, and supplies it to the resolution conversion circuit 26 for
down-sanpl i ng vi aveheessgnahgei aér8iit Thendesobwitohingneérsiioh €brcuit 26
down- sanpl es the supplied notion estimtion/conpensation signal in
accordance with tawitehihggbéhveennti vafergnae ohangangspixelsfes

conversion ratio obtained via the signal line 6, and sugp[ies it to the
bi nary i mage enco8fPhftévecafdress qnecdingr ywhishelgnebaprhBedi fEomt: the

encodes the 55 gomg-éa | ed al pha-nma s%gnﬁ% ogtaingdaféggétggc
resol uti on circui 929§ |§8X? evd HﬁgséﬁpF PFon an rence
5 changing pixel for relative address encoding, which is
obtained from the motion estimation/compensation signal,
and which apparatus encodes relative address encoding
information together with switching information.
Furthermore, there is provided a motion video
10 encoding apparatus which has, in an alpha-map decoder,
an encoder for sequentially decoding blocks consisting
of M x N pixels in a rectangle area including an object
in accordance with a predetermined rule, a decoded
value storage circuit for storing decoded values near
15 the block, a frame memory for storing a decoded signal
of the already encoded frame, a motion estimation/
compensation circuit for generating a motion
estimation/compensation value using the decoded signal
in the frame memory, and a detection circuit for
20 detecting a changing pixel as well as the decoded
values near the block, and also has a switching circuit
for switching between a reference changing pixel for
relative address encoding, which is obtained from the
decoded pixel values in the block, and a reference
25 changing pixel for relative address encoding, which is
obtained form the motion estimation/compensation signal,

and which apparatus obtains the reference changing



estimati on/ conpensati on signal of the al pha-map supplied fromthe

resol ution conversion circuit 26 for 5 down-sanpl i ng. The outline of
t he al pha-nmap encoder of the third enbodi nent has been descri bed. The

al pha-map decoder will be described below. As shown in FIG 15, the

al pha- map decoder 40 of 10 thi s enbodi nent conprises a binary inmage
decoding circuit 41, resolution conversion @gigrcuit (up-sanpling circuit)
42, denul tipl exer 43, notion estimtion/ conpensation circuit 44, and
resol ution conversion circuit (down-sanpling circuit) 45. 15 O
these circuits, the denultiplexer 43 is a circuit for denultiplexing an
al pha- map si gnal ,piwelchn sicdemdanos exidd Iy ittdedidgmilnigmatero30 in t he
vi deo decodi ng apparatus shown in FIG 2 and is input to the al pha-map
decoder 40, into codeslioftluis algsfa- mpesinmatipe addrgas gnqedidier si on
ratio. The binary inmage decoding circuit 41 is a circuit for decoding the

code of the al ph@PHRGSSHFATS SR Wasyitrdd@d n idc diddh & Kl Kshe code

of the size conversigQon ratio (the setting.infornmati signal of the size
conversi on rati o)WiEEher ayggh ieﬁchxgélﬂﬁ\?}%% %gd lfﬁg(?arﬁtter‘r?e from
demul ti pl exer 43. As will b scribed in detail I r, Lhe cirgcyit 41
decodes the code ¥ n§YHE o%ﬁp X °&d r?mpc?ﬁlsate%t Brocke, 'anch:he

encoding side encodes this switching information
together. The decoding side decodes that switching
information, and switches, in units of blocks, whether
the reference changing pixel bl is detected from the

10 "current block" or "compensated block", on the basis of
the switching information upon decoding. In this
manner, optimal processes can be done based on the
image contents in units of blocks, and encoding with
higher efficiency can be realized.

15 In summary, according to the present invention, a
video encoding apparatus and video decoding apparatus,
which can efficiently encode and decode alpha-map
information as subsidiary video information represent-
ing the shape of an object and its position in the

20 frame, can be obtained.

The above-mentioned embodiments have exemplified
the alpha-map encoder 20 using MMR (Modified Modified
READ). However, the present invention is not limited
to MMR encoding, and may be implemented using other

25 arbitrary binary image encoders. Such example will be
explained below.

The detailed arrangements of the alpha-map encoder



56 estimation/conpensation signal of the al pha-map supplied fromthe

resol ution conversion circuit 45 via a signal line 95. The resol ution
conversion circuit 42 for 5 up-sanpl i ng up-sanples a binary inage as

t he code of the al pha-map signal fromthe binary inage decoding circuit 41
I n accordance with the code of the size conversion ratio (the setting

I nformati on signal of the size conversion ragg o) denultiplexed by and
supplied 10 fromthe denultiplexer 43, and outputs the up-sanpled
signal. The arrangenent of the decoder in the third enbodiment is different
fromthe decoder shown in FIG 4 in that it conprises the notion
estimation/ 15 20 conmpenigitd-omaridendderi4 Givdi kledes (Resnar idwmd drssion
circuit 45 for down-sanpling. The notion estination/conpensation circuit 44
has a frane menorii¥lorreferente £adided Idmadgd ofatthebr evi ousl y decoded
frame, and stores a decoded signal supplied formthe 20 resol ution
conversion circuit 42 ¥5- ub8 § ngfle st whrredn cthe ereRf vk a

motion vector Slggfghélﬁgp is segmented into macro blocks (MBs) each

5 consisting of a predetermined number of pixels, e.g.,
16 x 16 pixels. 1In FIG. 18, the frames of squares are
dividing boundary lines, and each square corresponds to
a macro block (MB).

In case of an alpha-map expressed by binary values

10 (which may often be expréssed by multi-values together
with weighting coefficients upon synthesizing an
object), object shape information can be expressed by
either a value representing transparent or a value
representing opaque in units of pixels. Hence, as

15 shown in FIG. 18, the contents of the macro blocks (MB)
in the frame of the alpha-map are classified into three
different types, i.e., "transparent" (every pixel in
the MB is transparent), "opaque" (every pixel in the MB
is opaque), and "Multi" (other).

20 In case of the frame shown in FIG. 18 as an
alpha-map of a person image, since the background is
"transparent" and the person portion is "opaque",
binary image encoding need only be done for macro
blocks (MBs) which are classified to "Multi" and

25 include a boundary portion of the object. Among the
blocks (MBs) classified to "Multi", if the motion

estimation/compensation error value of a given block is



shown), generates a notion estimation/conpensation signal in accordance
with this notion vector signal, and supplies it to the resolution

conversion circuit 45 25 for down-sanpling via a signal line 94. The
resol ution conversion circuit 45 down-sanples this notion

estimation/ conpensation signal in 57 accordance with the setting

I nformati on signal of the size conversion rgigo supplied via a signal |ine
92, and outputs it to the binary i mge decoding circuit 41 via the signal
line 95. 5 In the al pha-map decoder 40 with the above- nentioned
arrangenment, a code supplied to the al pha-map decoder 40 via a signal line
8 is denul tipl exetivialt ccodesmefl lar dhsm-anmetdiiginivadne ditterasddat si on
ratio by the demultiplexer 43, and these codes are respec- 10 tively

out put via a si-g¥@lug)ne the Ao iome esitdmat jon{eogpensatdian vise ufesid i bed in

detail later, the binary |nage decoding circuit 41 decodes the down-sanpled
al pha- map si gnal pigg & dheg é’lc%’é‘od%?d pch,fe NG gpdpte” repefaitfy a

binary i mage in agcordance with_the code o
y g (ie mode of such copied macro block (MB), and "coded"

5 represents the mode of the macro block (MB) to be
subjected to binary frame image encoding, the encoding
modes of the macro blocks (MBs) are classified into the
following four different modes:

(1) ‘"transparent"”

10 (2) “opaque"

(3) "no update"

(4) ‘"coded"

The encoding or decoding methods of the individual
modes will be described later in the description of the

15 alpha-map encoder 20 and alpha-map decoder 40.

FIG. 19 is a block diagram showing the arrangement
of the alpha-map encoder 20 in detail. The arrangement
shown in FIG. 19 comprises a mode determination circuit
110, CR (conversion ratio) determination circuit 111,

20 selector 120, intra-block pixel value setting circuits
140 and 150, motion estimation/compensation circuit 160,
binary image encoder 170, down-sampling circuits 171,
173, and 174, up-sampling circuit 172, frame memory 130,
transposition circuits 175 and 176, scan type (ST)

25 determination circuit 177, motion vector detection
circuit (MVE) 178, MV encoder 179, and VLC

(variable-length coding) *multiplexing circuit 180.



t he al pha-map signal supplied via the signal line 91 and the code of the
size conversion ratio (the setting information signal of the size
conversion ratio) supplied via the signal line 92 using the down-sanpled 20
noti on estimation/ conpensation signal of the al pha-map supplied fromthe
resol ution conversion circuit 45 for down-sanpling via the signal |ine 95,
and supplies the decoded inage to the resolution conversion circuit 42 via
a signal line 93. 25 The resolution conversion circuit 42

up- sanpl es the down-sanpl ed al pha-map si gnal decoded by the binary inage
decoding circuit 41 on the basis of the code of 58 the size conversion
rati o supplied via theOfi thesel¢iec@Rtsp bhet bntegedkoak pipdd-vapusi gnal,
and outputs the al pha-map signal via a signal line 9. That is, the
resol uti on conversebhirgreireuigp 50 is decoeautheleovFeRemdpt B0 o pral nap
signal (binary imge encoded output) supplied fromthe binary inmage

decodi ng circuit 943t nfeEcRbaire a3} iEhaP R | FRL1PT of PreR3Oh TBRGFRI of

the size conversiofratio Shtalned v athe, sl el ne, 989348 obain

5 value setting circuit 150 is a circuit for generating
pixel data for setting all the pixel values in each
macro block to be opaque.

The CR (conversion ratio) determination circuit
111 analyzes an alpha-map signal supplied via the

10 alpha-map signal input line 2, and determines a
conversion ratio used for processing an alpha-map image
for one frame. Also, the circuit 111 outputs the
determination result as a conversion ratio b2. The
down-sampling circuit 171 an alpha-map signal supplied

15 "via the alpha-map signal input line 2 for the entire
frame, and the scan type (ST) determination circuit 177
determines the scan type on the basis of the encoded
output from the binary image encoder 170 and outputs
scan type information b4.

20 The transposition circuit 175 transposes the
positions of the macro blocks in the alpha-map signal
for one frame down-sampled by the down-sampling circuit
171 on the basis of the scan type information b4 output
from the scan type (ST) determination circuit 177. The

25 transposition circuit 176 transposes the outputs from
the down-sampling circuits 171, 172, and 173 on the

basis of the scan type information b4 output from the



10 - and outputs the obtained | ocal decoded signal to the notion
estimation/conpensation circuit 44. On the other hand, the notion
estimation/ conpensation circuit 44 has a frane nmenory, which stores a
decoded i mage of the previously encoded franme, 15 supplied fromthe
resol ution conversion circuit 42 for up-sanpling. The notion

estimation/ conpensation circuit 44 generates7a notion
estimati on/ conpensation signal of an al pha-map in accordance with a
separately supplied notion vector signal, and supplies it to the 20

resol ution conversion circuit 45 for down-sanpling via the signal |ine 94.
The resol uti on coswan stype cietenrnidst tomne sxepieslihe suppbutpunst the
estimation/ conpensation signal in accordance with the setting information
signal of the sizérzespesttbrnreeswlts. Thepbinaeyl image henerdenrl 1719 ne 92,
and supplies it to the binary image decoding circuit 41. The binary inage
decodi ng circuit SRCAERDRRA{PretPUtsothe PewhmHrEpEedl 21 PRATRAR signal
derul tiplexer 43 in cordapnce with the setting information, signal t he
Sr 76 conver s on rSTPBLESSmT I her BRI T oREReT B e s 175 %fa £l

5 On the other hand, the up-sampling circuit 172
up-samples the alpha-map signal supplied via the
down-sampling circuit 171 at a conversion ratio output
from the CR determination circuit 111. The motion
estimation/compensation circuit 160 generates a motion

10 estimation/compensation éignal using a decoded image of
the reference frame stored in the frame memory 130, and
outputs that signal to the mode determination circuit
110 and the down-sampling circuit 174. The down-
sampling circuit 174 down-samples the motion

15 estimation/compensation signal at a conversion ratio
output from the CR determination circuit 111, and the
down-sampling circuit 173 down-samples the decoded
image of the reference frame stored in the frame
memory 130 at a conversion ratio output from the CR

20 determination circuit 111.

The selector 120 selects and outputs a required
one of a decoded signal m0 from the intra-block pixel
value setting circuit 140, a decoded signal ml from the
intra-block pixel wvalue setting circuit 150, a motion

25 estimation/compensation signal m2 from the motion
estimation/compensation circuit 160, and a decoded

signal from the up-sampling circuit 172 in accordance



t he down-sanpl ed notion estimation/conpensation signal 5 of the

al pha-map supplied fromthe resolution conversion circuit 45 for
doewn-sanpling. This concludes the description concerning the outline of the
decoder to which the present invention is applied. 10 As has

al ready been described above, the arrangenent of the encoder in the third
enbodi nent according to the present inventiop3is different fromthat of the
encoder of FIG 3 in that it conprises the notion estimation/conpensation
circuit 25 and down- 15 sanpling circuit 26, and the arrangenent of the
decoder is different fromthat of the decoder shown in FIG 4 in that it
conpri ses the notwohheslasaifbdoatbopensfidirnationcoutpandfrbm tdhenmedapl i ng
circuit 45. The notion estimation/conpensation circuit 25 or 20 44 has
a frame menory fofletesmingtionecbreditnbge. ofThhefpamelme&byyemaadsﬂoreane

and stores a decoded S|gnal supplied fromthe ug mpling circuit 23 or 42.
Furthernore, the ﬁB?iBH EEFlﬁﬁ?moﬁhﬁoﬁﬁbﬁgh?Foh Ql%@uﬂBlQ§ @f finaypesei ves a

notion vector signal t shg % generates a noti
estlnatlon/conpensatlo ?lﬂﬂ i ﬁtﬁE@bPGBHEE ﬁﬂfﬁu%ﬁelﬂ@cépééﬁzﬁﬁtFBﬁ

vector signgl. " andy sHpohlgss bal, sianal L9 L0 deunsafBling Sigguit 26 or

input line 2 with reference to the motion
estimation/compensation signal from the motion
estimation/compensation circuit 160 and an encoded
signal b4 from the binary image encoder 170, and

10 determines if each macro block is classified to one of
"transparent", "opaque", "no update", and "coded", in
units of macro blocks. Also, the circuit 110 outputs
the determination result as mode information bO.

The motion vector detection circuit (MVE) 178

15 detects a motion vector from the alpha-map signal
supplied via the alpha-map signal input line 2. The MV
encoder 179 encodes the motion vector detected by the
motion vector detection circuit (MVE) 178, and outputs
the encoded result as motion vector information bl.

20 For example, when prediction encoding is applied to the
MV encoder 179, a prediction error signal is output as
the motion vector information bl.

The VLC (variable-length coding) *multiplexing
circuit 180 receives, variable-length encodes, and

25 multiplexes mode information b0 from the mode
determination circuit 110, motion vector information bl

from the MV encoder 179, conversion ratio information



60 45 via the signal line 81 or 94. As the notion vector signal, a notion
vector signal used in the notion estimation/conpensation circuit 11 or 35
arranged in the apparatuses shown in 5 FIGS. 1 and 2 may be used, and
an al pha-map notion vector detection circuit nay be arranged in the
al pha- map encoder 20 to obtain an al pha-map notion vector signal. Mre
specifically, since various nethods of 10 74 obtaining a notion vector
signal to be supplied to the notion estination/conpensation circuit 25 or
44 are known, and are not related to the present invention, a detailed
description thereof will be omtted here. The down-sanpling circuit 26 or
45 down- sanpl es ab25from wipe i TR poonpeesstoncat impl detpphirat om ¢ieceignal
lines 81 and 94 in accordance with the setting information signal of the
si ze conversion rhtlo sepplt¥ee inferratiomar3 | fres thanrap twpRl 08Fbuts
t he down-sanpl ed signal via the signal lines 42 and 92. 20 When
the binary i nage @REdHRINIDIOR Girdeit tGhgetnd PHRAFY LBFPRA al pha- map
signal supplied via_a si ' ' ' ' ' [
ang i s PP infornszelgl Jl:]()alll Itl)ti nfrozn(wf1 1I:I'§e SngJl.)IJlae]:(‘:}; egméé)e bela:t{]&ggerl nf.g& eélr(l:gdl ng
5 outputs the multiplexed information onto the signal
line 3.
In the aforesaid arrangement, the alpha-map signal
to be encoded is supplied to the alpha-map encoder 20
via the alpha-map signal input line 2. Upon receiving
10 that signal, the alpha-map encoder 20 analyzes the
alpha-map signal using the mode determination circuit
110 to check if each macro block is classified to one
of “transparent", "opaque", "no update", and "coded",
in units of macro blocks. In this case, for example,
15 the number of mismatched pixels is used as an
evaluation criterion for classification.
More specifically, the following processes are
done.
The mode determination circuit 110 calculates the
20 number of mismatched pixels when all the signals in the
input macro block are replaced by transparent values.
When the calculated number is equal to or smaller than
a threshold value, the mode determination circuit 110
classifies that macro block to "transparent". Likewise,
25 when the number of mismatched pixels calculated when

all the signals in the macro block are replaced by

opaque values becomes equal to or smaller than a



output. Note that the binary imge encoder 22 according to 25 this
enbodi nent is fundanentally different fromthe encoder showmn in FIG 3 in
that it has a function of encoding using a down-sanpl ed al pha-map notion

61 estimation/conpensation signal supplied via the signal line 82. This
difference wll be described in detail below FIGS. 16A and 16B are views
for explaining a 5 met hod of encodi ng ugisng a notion estimation/

conpensation signal, and show one of divided N x M pixel inage blocks in an
image in units of frane images. In FIGS. 16A and 16B, "current block” is a

bl ock 10 to be processed, i.e., the block of the input current image to
be processed. Onthreshoder visdwe, thenpodsatdetebirdaition gigemidndatd on
block, i.e., the block of the previously processed image. In -the first

enbodi ment, a refCdEFdd i@Fatdidig M5 To. bleicke[top|" oW -ock of an al pha- map

rr ndi n h f th rrent i rocessed i s detected
corresponding to t até%béé&%éﬁ%lf% %heva %é“éé%%é%ination circuit 1f%

calculates the number of mismatched pixels for each
5 of macro blocks that are classified to neither
"transparent" nor "opagque" with respect to the
corresponding motion estimation/compensation value
supplied via a signal line 101, and if the calculated
number is equal to or smaller than a threshold wvalue,
10 ~ that block is classified to "no update".

Macro blocks that are classified to none of
"transparent", "opaque", and "no update" are classified
to "coded".

This classification information b0 of the mode

15 determination circuit 110 is supplied to the selector
120 via a signal line 102. When the mode of the block
of interest is "transparent", the selector 120 selects
a decoded signal m0 in which all intra-block pixel
values are set at transparent values in the intra-block

20 pixel value setting circuit 140, and supplies the
signal to the frame memory 130 via the signal line 4 to
store it in the storage area of the frame of interest.
Also, the selector 120 outputs the selected signal as
the output of the alpha-map encoder 20.

25 Similarly, when the mode of the macro block of
interest is "opague", the selector 120 selects a

decoded signal ml in which all intra-block pixel values



in the same "current block" as that from which changing pixels a0 and al
are detected. On the other hand, in the third enbodi nrent shown 20 I n
FIGS. 14 and 15, the reference changing pixel bl is detected fromthe
"conpensat ed bl ock™ as the notion estinmation/conpensation signal, and this
I's the new concept. More specifically, the reference bl ock changi ng pixel
bl on the block of an al pha-nmap 25 corr@gsponding to the bl ock of the
current image to be processed is detected fromthe "conpensated bl ock"” as
the notion estimation/conpensation signal. 62 In this enbodi ment, the
detection neans of the reference changing pixel bl alone is different, but
encodi ng/ decodi n@ughis&t e EEREUgsvisd wetFe ineltdts V@ tayddbd ©5ds paredo vadiue and
bl is the sane as that in the 5 previ ous enbodinent. In FIGS. 16A and
16B, aO is the sts&tigE firewditgildd ipishem thed moskeo dith § hradagnce ddpPeen

done up to the start. point changing pixel a0 __Also, al is _a changing pixe
next to the star P%dj’&terﬁ?indisng% ¥@dafe ", they selsetey 120, Sﬁ]%&tsata t he

same position as® f&%1gy%imation/compensation signal m2 generated by

5 the motion estimation/compensation circuit 160 and
supplied via the signal line 101; or when the mode of
the macro block of interest is "coded", the selector
120 selects a decoded signal m3 supplied via the
down-sampling circuit 171 and up-sampling circuit 172

10 and supplies the selected signal to the frame memory
130 via the signal line 4 to store it in the storage
area of the corresponding frame. Also, the selector
120 outputs the selected signal as the output of the
alpha-map encoder 20.

15 The pixel values in the macro block classified to
"coded" in the mode determination circuit 110 are
down-sampled by the down-sampling circuit 171, and are
then encoded by the binary image encoder 170. The
setting information of the CR (conversion ratio) used

20 in the down-sampling circuit 171 is obtained by the CR
determination circuit 111. For example, when the
down-sampling ratio is defined to be three different
values, i.e., "1 (not down-sampling)", "1/2
(down-sampling to 1/2 in both the horizontal and

25 vertical directions)", and "1/4 (down-sampling to 1/4
in both the horizontal and veitical directions)", the

CR determination circuit 111 obtains the CR (conversion



"conpensat ed bl ock” (but which pixel is not always a changing pixel). If
"aO - line" represents a line to which aQ(b) belongs, the reference
changi ng pixel bOis defined as follows. 15 Let absx be the
address of pixel X when pixels in the block are scanned in the raster order
fromthe upper left pixel. Note that the address of the upper left pixel of
the block is '0". If absbO < abs_bl, and a d@ivangi ng pi xel indicated 20

by mark "X" is located on "aO - line", the first changing pixel with a
color opposite to that of "aO' is determ ned to be the reference changing
pi xel bl; if the changing pixel is not |ocated on "aO - line", the first
changi ng pi xel orratias) limdhss ffdtlawiingedtepsoe 25 the reference

changing pixel bl. FIG 16A shows the case wherein_the changing pixel is
not located on "aO - |ike" The nypker ff nigpatghed pixegs QR Hikel on

(he next |1ne i Selelalied (g be Lhi, TS, 168 Shows, bhe gese vhierein the
interest is down-sampled to "1/4" and that macro block
5 is calculated, and if the calculated value is equal to
or smaller than a threshold value, the down-sampling
ratio is determined to be "1/4".

(2) If the number of mismatched pixels is larger

than the threshold value in step (1) above, the number
10 of mismatched pixels between the decoded signal

obtained when the macro block of interest is

down-sampled to "1/2" and that macro block is

calculated, and if the calculated value is equal to or

smaller than a threshold value, the down-sampling ratio
15 is determined to be "1/2".

(3) If the number of mismatched pixels is larger
than the threshold value in step (2) above, the
down-sampling ratio is determined to be "1".

The value of the CR (conversion ratio) obtained in

20 this way is supplied to the down-sampling circuits 171,
173, and 174, up-sampling circuit 172, and binary image
encoder 170 via a signal line 103. The CR value is
also supplied to and encoded by the VLC (variable-
length coding) *multiplexing circuit 180, and the

25 encoded value is multiplexed with other codes. On the
other hand, the transposition circuit 175 transposes

the positions of signals in the down-sampled block



5 ~of this changing pixel X is not opposite to that of "a", that pixel
s not determned to be "bl", but the first changing pixel on the next |ine

i-s determned to be "bl ". Note that the values of "a0 - line", "rai (i 0
10 to 1)", and r_bl" are obtained by calculating the foll ow ng
equations: a0 - line = (int)((abs - aO+ WDTH)/WDTH - 1 r - a0 = abs - aO
- a0 - line* WDTHr - al = abs - al - aO 78line * WDTH 15 r
bl =abs - a0 - bl - Iline * WDTH In these equations, * nmeans a

mul tiplication, (int)(X) nmeans rounding off by dropping digits after the
deci mal point of X, and WDTH indicates the nunber of pixels of a block in
the horizontal disvapligd fxPm the down-sampidng edamuitnidit i(@vitghdda he
definition of the reference changing pixel bl is different fromthe above
enbodi ment, that hsrizomjal jande FergdF L lkeldressies Jabove equation. The

encodi ng nmet hod descri_bed ahove with the aid 25 of lﬂrf‘gfs 16A an 1(%(28 IS
an exanpl e of a met hod"df H ARy S rtzﬁereé?ﬁ@%r% Pk Y HLHTDm

the "compensat ed b QG m%oMLaC e Urded® orPl2E1%%1 scan order.

5 The transposition circuit 176 transposes the positions
of signals on the basis of decoded pixel values near
the macro block of interest down-sampled by the
down-sampling circuit 173 and the motion estimation/
compensation signal down-sampled by the down-~sampling

10 circuit 174.

Whether or not transposition is done in the
transposition circuits 175 and 176 is determined, for
example, when the binary image encoder 170 executes
encoding in both the horizontal and vertical scan

15 orders and supplies the output encoded information b4
to the ST (Scan Type) determination circuit 177 via the
signal line 104, and the ST determination circuit 177
selects a scan direction with the smaller number of
encoded bits.

20 The binary image encoder 170 encodes signals of
the macro block of interest supplied from the
transposition circuit 175 using a reference signal
supplied from the transposition circuit 176.

Note that a technique used in the third embodiment

25 described above may be used as an example of the
detailed binary image encoding methods. However, the

present invention is not limited to such specific



64 changi ng pi xel bl may be variously nodified. The binary i mage encoder 41
can detect the reference changi ng pi xel bl using a down-sanpl ed al pha- nap
rot i on estinmation/conpensation signal 5 ("compensat ed bl ock"”) supplied
via the signal line 95 in the sane manner as in the binary inmage encoder
22. Furthernore, whether the reference changing pixel bl is detected from
the "current bl ock"” or "conpensated bl ock" m#y be switched in units of

bl ocks. In this 10 case, the binary inmage encoder 22 encodes sw tching
i nformati on together, and the binary i mage decoder 41 al so decodes the

swi tching information. Upon decodi ng, whether the reference changi ng pi xel
bl is detected frugthod, "and rdhe hinaky rage @preden e blotkehe sfasrth
switched in units of, e.g., blocks, on the basis of the sw tching

i nformation. In t¥MRCIEHESAFan TSl tIf RRAY cHIrR WARAINE dtethrdse

i mage contents in units of blocks, and encoding wth higher efficiency can
be realized. 20 The ??ﬁfcﬁ+ﬁ§shgﬁﬂ$'H%aﬁ%oé%ﬁ s '?L%&%g RE _can

order may be arranged,. and the .scan order nmay be switched to.a horizantal

Scan, 5 shown | FEREHR A (G Tl Aa o, TS EBR TH G 178

thus reducjyg frame, and "inter" encoding mode blocks that refer to

the motion estimation/compensation signal. Note that

intra/inter switching can be done by supplying encoded

information supplied from the binary image encoder 170

to the mode determination circuit 110 via a line 104

10 and selecting a mode that can reduce the number of
encoded bits. The selected encoding mode (intra/inter)
information is supplied to the binary image encoder 170
via a signal line 105.

The information encoded by the binary image

15 encoder 170 in an optimal mode selected by the
above-mentioned means is supplied to the VLC -
multiplexing circuit 180 via the signal line 104, and
is multiplied with other codes. The mode determination
circuit 110 supplies optimal mode information to the

20 VLCemultiplexing circuit 180 via a signal line 106, and
is multiplexed together with other codes after it is
encoded. The motion vector detection circuit (MVE) 178
detects an optimal motion vector. Since various
detection methods of the motion vector are available,

25 and the motion vector detection method itself is not

principal part of the present invention, a detailed

description thereof will be omitted. The detected



t he nunber of changing pixels and further reducing the 25 nunber of
encoded bits. Such neans also |eads to encoding with higher efficiency. As
descri bed above, the third enbodi nent provides 65 an encoder which
encodes an al pha-map that represents the shape of an object in a notion

vi deo encodi ng apparatus whi ch encodes notion video signals for a plurality
of franmes obtained as tine-series data in 5gg units of objects having
arbitrary shapes. More specifically, there is provided but a notion video
encodi ng apparatus, which has an encoder for sequentially encoding a
plurality of blocks, obtained by dividing a rectangle area including an
object into 10 motNon Neviteet id cokppl(ivd tive thermertioin pistelmatipnhe

hori zontal direction, N the nunber of pixels in the vertical.direction),
in the rectangl e canpenshtbicyordanme twi ) & iy edaigndhddinal 7 amnd is
performng relative address encoding for all or some of the bl ocks, 15

a menory for storSHPIREJBedhmaMieeniaden He D odheregitaie, Mergngyied

storing a decoded sjgnal of the already encoded frame, a nption . ,
estination/conpeﬁﬂﬁQ§ﬂ?tl°n is supplied to the VLCe.multiplexing circuit

5 180, and is multiplexed together with other codes after
it is encoded. |

The multiplexed code is output via the signal line
3. The motion estimatidn/compensation circuit 160
generates a motion estimation/compensation signal using

10 the decoded image of the.reference frame stored in the
frame memory 130 on the basis of the motion vector
signal supplied via the signal line 107, and outputs
the generated signal to the mode determination circuit
110 and the down-sampling circuit 174 via the signal

15 line 101.

As a result of the above-mentioned processes,
video encoding that can assure high image quality and
high compression ratio can be done.

Decoding will be explained below.

20 FIG. 20 is a detailed block diagram of the
alpha-map decoder 40.

As shown in FIG. 20, the alpha-map decoder 40
comprises a VLC (variable-length coding) * demultiplexing
circuit 210, mode decoder 220, selector 230,

25 intra-macro block pixel value setting circuits 240 and
250, motion estimation/compensation circuit 260, frame

memory 270, binary image decoder 280, up-sampling



circuit for generating a notion estimation/conpensation value using the

decoded signa

in the frame nenory, and 20 a detection circuit for

detecting a changing pixel as well as the decoded val ue near the bl ock,
whi ch obtains a reference changing pixel for relative address encodi ng n
from pi xel values in the block but fromthe notion estimation/conpensation

signal. 25

There is provided a notigan vi deo encodi ng appar at us

whi ch has, in an al pha-map decoder, a decoder for sequentially decoding
bl ocks consi sting of 66 Mx N pixels in a rectangle area including an
object in accordance with a predetermned rule, a nenory for storing
decoded val ues nesirauie i &lck,t s ool faritst d8h@rd doded si gnal
of the already encoded 5 franme, a notion estimation/conpensation
circuit for generdQvWing anmipilidFiasiitd 1289 cnd it imasny cmagd or
generating a notion estimation/conpensation val ue using the decoded signal
in the frame nentiS§Fodar 2B Gretantd Mot iQn dtorderadak it a changi ng pi

as well as the 10

d va) ues, near the_bl ock, awﬁgqgégbéwtains a

cade
ref erence changi ng pi x(gf ‘Sf)}b*?s‘? TV Srd IR 7 SR TP

5

10

15

20

25

coding) * demultiplexing circuit 210 decodes the input
multiplexed encoded bit stream of the alpha-map to
demultiplex it into mode information b0, motion vector
information bl, conversion ratio information b2, scan
type information b3, and encoded binary image
information b4. Upon receiving the demultiplexed mode
information b0, the mode decoder 220 decodes one of the
four modes "transparent", "opaque", "no update", and
"coded".

The binary image decoder 280 is a circuit for
decoding the encoded binary image information b4
demultiplexed by the VLC (variable-length coding) -
demultiplexing circuit 210 into a binary image using
the demultiplexed conversion ratio information b2, the
mode information decoded by the mode decoder 220, and
information from the transposition circuit 285, and
outputting the decoded binary image. The up-sampling
circuit 281 is a circuit for up-sampling the decoded
binary image using information of the demultiplexed
conversion ratio information b2. The transposition
circuit 282 is a circuit for transposing the up-sampled
image in accordance with the demultiplexed scan type

information b3, and outputting the transposed image as

and
ot

xel



not from pi xel values in the block but fromthe notion

estimation/ conpensation signal. Wth this apparatus, al pha-map infornmation
as 15 subsidiary video information representing the shape of an object
and its position in the frane can be efficiently encoded and decoded. There
I's al so provided a notion video encodi ng apparatus which has a decoded

val ue storage circuit for 20 storing deda@ded val ues near the bl ock, a
frame nenory for storing a decoded signal of the already encoded frane, a
notion estimation/conpensation circuit for generating a notion

estimation/ conpensati on val ue using the decoded signal in the frane nenory,
a detection 25 a dsiqosieid sfignadetdoti ng a changi ng pixel as well as the
decoded val ues near the block with reference to information of the stored
decoded val ue of the d&¥dérra-mgEesm ek @ixpl dalag setdnds S ng
circuit for switching between a reference changing pixel for relative

addr ess encodi ng,24fhiich § $igBuditnd@T IReTRE 1deL Sddendesd siangds M0y ifhe

bl ock, and a referencge changi n i xel .-for rel at.i ve _addr ess encodi n
which is wﬁic éil the Qnt a- é%ro lock ﬁixéi values are set at g
5 transparent values, and the intra-macro block pixel

value setting circuit 250 is a circuit for generating a
decoded signal ml in which the intra-macro block pixel
values are set at opaque values.
The motion vector decoder 290 is a circuit for

10 decoding the motion vector of each macro block using
the motion vector information bl demultiplexed by the
VLC (variable-length coding) * demultiplexing circuit 210.
The motion estimation/compensation circuit 260 is a
circuit for generating a motion estimation/compensation

15 value m2 from the decoded image the reference frame
stored in the frame memory 270 using the decoded motion
vector. The down-sampling circuit 284 down-samples the
motion estimation/compensation value m2 using
information of the demultiplexed conversion ratio

20 information b2. The down-sampling circuit 283
down-samples the image of the reference frame stored
in the frame memory 270 using information of the
demultiplexed conversion ratio information b2. The
transposition circuit 285 is a circuit for transposing

25 the down-sampled images output from the down~sampling
circuits 283 and 284 on the basis of the scan type

information b3 demultiplexed by the VLC



obtairned fromthe notion estinmation/conpensation signal, and which
appar atus encodes rel ati ve address encoding i nformati on together with
switching information. Furthernore, there is provided a notion video 10
encodi ng apparatus which has, in an al pha-map decoder, an encoder for
sequentially decodi ng bl ocks consisting of Mx N pixels in a rectangle area
i ncluding an object in accordance with a preglgtermned rule, a decoded
val ue storage circuit for storing decoded val ues near 15 t he bl ock, a
frame nenory for storing a decoded signal of the already encoded frane, a
notion estimation/ conpensation circuit for generating a notion
esti mat i on/ conpengwat bablet lengsh ngod hrg jle csopd Sipleking alrcditandl benory,
and- a detection circuit for 20 detecting a changing pixel.as well as
t he decoded val ueandeantphet bhackhe apransposedsinagest thi Baechivary for
sw tching between_a reference changing pixel for relative address encodi ng,
whi ch is obtai nedif®2%®h 4¢eORE 0d%e- pi xel values in the block, and a
ref erence 25 changi g i xel for_relative address encoding, mhicﬂ is

R eg e

obt ai ned form the noti GACeSe1RAEPENFEBnPRACEEF 0ANY| GHEPULENANRNPENT

apparat us qgtalnsdéggdégfgigggféQggngﬁg%nl from the intra-macro block

pixel value setfing circuits 240 and 250, the motion
estimation/compensation value m2 from the motion
estimation/compensation circuit 260, and the decoded
signal m3 from the transposition circuit 282. The

10 frame memory 270 stores fhe video signal output from
the selector 230 in units of frames.

The alpha-map decoder 40 with the above-mentioned
arrangement receives an alpha-map encoded bit stream
via the signal line 8. The bit stream is supplied to

15 the VLD (variable-length decoding) ° demultiplexing
circuit 210.

The VLD (variable-length decoding) * demultiplexing
circuit 210 decodes the bit stream, and demultiplexes
it into the mode information b0, motion vector

20 information bl, conversion ratio information b2, scan
type information b3, and encoded binary image
information b4. These pieces of demultiplexed
information are managed in units of macro blocks.

Of these demultiplexed information, the mode

25 information b0 is supplied to the mode decoder 220 to
determine one of the following modes to which the macro

block of interest belongs:



68 pixel in accordance with swtching information. In this case, upon

rel ative address encodi ng, processes are done by switching, in units of

bl ocks, whether a reference changing pixel bl is detected from5 t he
"current block"™ or "conpensated bl ock”, and the encoding side encodes this
switching information together. The decodi ng si de decodes that sw tching
information, and switches, in units of blockg whether the reference
changi ng pixel bl is detected fromthe 10 "current bl ock" or
"conpensat ed bl ock™, on the basis of the switching information upon
decoding. In this manner, optiml processes can be done based on the inmage
contents in units of b{byks'tmadsparenthg w th higher efficiency can be
realized. 15 In summary, according to the present invention, a

vi deo encodi ng appar at (8) antiopéade®" decodi ng appar atus, which can
efficiently encode and decode al pha-map informati on as subsidiary video
information represent-{(Bhg {Re BRApESOf an object and its position in the
20 frame, can be obtained. The above-nentioned enbodi ments have
exenplified the al pha- fp en€®d8E"20 using MVR (Mbdified Mdified READ).

Hovever  the Present | guentLRle’ 2n0%obt MiS%e4? MR SRESULAY - SREIRY be
and "inter" modes, as described above in the embodiment
of the decoder shown in FIG. 19. That is, the "intra"
encoding mode uses a reference pixel in the frame, and
the "inter" encoding mode refers to a motion

10 estimation/compensation signal.

When the mode of the macro block of interest is
"transparent” in accordance with the above-mentioned
encoding mode supplied via a signal line 201, the
selector 230 selects the decoded signal m0 in which

15 all the intra-macro block pixel values are set at
transparent values by the intra-block pixel wvalue
setting circuit 240, and supplies the selected signal
to the frame memory 270 via the signal line 9. The
signal is stored in the storage area of the video frame,

20 to which the macro block of interest belongs, of the
frame memory 270, and is output as a decoded alpha-map
image from the alpha-map decoder 40.

Likewise, when the mode of the macro block of
interest is "opaque", the decoded signal ml in which

25 all the intra-block pixel values are set at opaque

values by the intra-macro block pixel value setting

circuit 250 is selected; when the mode of the macro



25 - arbitrary binary inmge encoders. Such exanple will be explained
bel ow. The detail ed arrangenents of the al pha-nmap encoder 69 20 and

al pha-map decoder 40 will be described below with reference to FIGS. 18,
19, and 20. FIG 18 shows the state wherein the frane of an al pha-map is
segnented into macro bl ocks (MBs) each 5 consi sting of a predeterm ned
nunber of pixels, e.g., 16 x 16 pixels. In BsG 18, the frames of squares
are dividing boundary lines, and each square corresponds to a nmacro bl ock
(MB). In case of an al pha-map expressed by binary val ues 10 (whi ch may
often be expressed by nmulti-values together with weighting coefficients
upon synt hesi zi ndplarhlgfedmntersistedts Shapaerpdefte ' vattihen rediidie expressed by
ei tther a value representing transparent or a val ue representing opaque in
units of pixels. Seri@ation/pompenseidyn isignad mes ganerat@d &t $hsF the
macro blocks (MB) in the frame of the al pha-map are classified into _three
di fferent types, Moton qstiggidaaicompapsar igm gigapith 260 and supplied

transparent), "o ue" ver i xel_in the
P ) %%i a éignaf/fine 202 is selected; or when the mode of

5 the block of interest is "coded", the decoded signal m3
supplied via the up-sampling circuit 281 and
transposition circuit 282 is selected. The selected
signal is supplied to the frame memory 270, and is
stored in the storage area of the video frame, to which

10 the macro block of interest belongs, in the frame
memory 270. Also, the selected signal is output as a
decoded alpha-map image from the alpha-map decoder 40.

On the other hand, the demultiplexed motion vector
information bl is supplied to the motion vector decoder

15 290, and the motion vector of the macro block of
interest is decoded. The decoded motion vector is
supplied to the motion estimation/compensation circuit
260 via a signal line 203. The motion estimation/
compensation circuit 260 generates a motion

20 estimation/compensation value from the decoded frame
image of the reference frame stored in the frame memory
270 on the basis of this motion wvector. The generated
value is output to the down-sampling circuit 284 and
selector 230 via the signal line 202.

25 The demultiplexed conversion ratio information b2
is supplied to the down-sampling circuit 283 and

up-sampling circuit 281, and is also supplied to the



I s opaque), and "Multi" (other). 20 In case of the frame shown in
FIG 18 as an al pha-map of a person i mge, since the background is
"transparent” and the person portion is "opaque", binary inage encodi ng
need only be done for nmacro bl ocks (MBs) which are classified to "Multi"

and 25 I nclude a boundary portion of the object. Anobng the bl ocks
(MBs) classified to "Multi", if the notion &%timtion/conpensation error
val ue of a given block is 70 equal to or snaller than a setting val ue

(threshold value), the notion estimation/conpensation value is copied to
that block (MB). If "no update" represents the node of such copied nmacro
bl ock (MB), and 'wigdey iZnage demmdese 28 .t h&hedrasf tipe nadfarnatdan M)
to -be subjected to binary frame i mage encodi ng, the encodi ng nodes of the
macro bl ocks (MBshs fHuprdiigskitia ddie Au@nspesHdiianwicHgTuwidrs A%F anchi28fdes:
(1) “transparent® 10 Upon recei(vzi)ng "tohpeaqsucea:n (t?i;pe" ni?nfuopngn?atd:e;org 4123 , Ct?l(ljee d*

transposition circuit 282 transposes the position of

5 the decoded signal of the macro block, which is

supplied from the up-sampling circuit 281 and is

restored to its original size (switches addresses in

the horizontal and vertical directions). Upon

receiving the scan type information b3, the transpo-

10 sition circuit 285 transposes positions of signals
between the decoded pixel values near the block
down-sampled by the down-sampling circuit 283 and the
motion estimation/compensation signal down-sampled by
the down-sampling circuit 284.

15 Upon receiving the conversion ratio information b2,
the binary image decoder 280 decodes the encoded binary
image information of the macro block of interest
demultiplexed by the demultiplexing circuit 210 using a
reference signal supplied from the transposition

20 circuit 285.

As has been described in the fourth embodiment,
the outputs from the up-sampling circuits 172 and 281
may suffer image quality deterioration arising from
discontinuity in an oblique direction. In order to

25 solve this problem, the up-sampling circuits 172 and

281 may comprise filters for suppressing discontinuity

in the oblique direction.



The encodi ng or decodi ng nmet hods of the individual nodes will be described
| ater in the description of the 15 al pha-map encoder 20 and al pha- nap
decoder 40. FIG 19 is a block diagram show ng the arrangenent of the

al pha-map encoder 20 in detail. The arrangenent shown in FIG 19 conprises
a node determnation circuit 110, CR (conversion ratio) determ nation
circuit 111, 20 sel ector 120, intra-bl o® pixel value setting circuits
140 and 150, notion estinmation/conpensation circuit 160, binary image
encoder 170, down-sanpling circuits 171, 173, and 174, up-sanpling circuit
172, frame nenory 130, transposition circuits 175 and 176, scan type (ST)
25 det erm nati on dotiithaty theymyrangsmanyy afettds ivmany cinads WE)
178, M encoder 179, and VLC (variable-length coding) nultiplexing. circuit
180. 71 O t he@eader 780 usask iisnmet diigdites & apaarermade iOrfggfaer cui t

140 is a circuit for generating pixel data for settin |l the pixel val ues
in each macro bl GEKAFERt dessidmd L Fhandhind & O?GIF‘%FX esgribed

val e SelLing, ol LGl 520 49 ey SadlP U0 Higel dara for
5 In the description of the above embodiment, the
embodiments of the binary image encoder 170 and binary
image decoder 280 are not limited to those in the
above-mentioned third embodiment. Another example will
be explained below.

10 As another binary image encoding method, for
example, Markov model encoding is known (reference:
Television Society ed. "Video Information Compression",
pp. 171 - 176). FIG. 21 is a view for explaining an
example of Markov model encoding. Pixel x in FIG. 21

15 is the pixel to be encoded, i.e., the pixel of interest,
and pixels a to f are reference pixels, which are
referred to upon encoding pixel x.

Assume that pixels a to f are already encoded ones
upon encoding pixel x. Pixel x of interest is encoded

20 by adaptively switching variable-length coding tables
when VLC (variable-length coding) is used or
probability tables when arithmetic encoding is used.

When this embodiment is applied to the present
invention, "intra" encoding can use, as reference

25 pixels, pixels encoded before the pixel of interest in
the current macro block to be processed, and “"inter"

encoding can use not only the pixels encoded before the



macro bl ock to be opaque. The CR (conversion ratio) determnation circuit
111 anal yzes an al pha-map signal supplied via the 10 al pha-map si gnal
i-nput line 2, and determ nes a conversion ratio used for processing an

al pha-map image for one frane. Also, the circuit 111 outputs the
determnation result as a conversion ratio b2. The down-sanpling circuit
171 an al pha-map signal supplied 15 vi a 8he al pha-map signal input line
2 for the entire frane, and the scan type (ST) determnation circuit 177
determ nes the scan type on the basis of the encoded output fromthe binary
i mage encoder 170 and outputs scan type information b4. 20 ) The
transposition ci reigel 195 intersvsdaut el osthe @bxeks tie :raR?eiP® ocks in

t he al pha- map signal_for_oqf frame down-sanpl ed by the down-sanpling
circuit 171 on t HRSHHEI IR/ FPaRIAL 1YHET I orTed dh b4 out put from the

t ST) deternipat | ircuit 177. The 25 it ircuit
176 AnSposet Che outBOLS POMEHRTG ol SRS R LFPL LT o 14535 G

173 on the basis of 0 SCAMN ! Y PEd S "B 'k B A PUs TR EEg 72
5 embodiment (the encoding method based on MMR) and
[method 2] a method of encoding by adaptively switching
Markov model encoding, and adaptively selecting and
using either of these methods.
FIG. 22A is a block diagram of the binary image

10 encoder 170 used in this embodiment. As shown in
FIG. 22A, the binary image encoder 170 comprises a pair
of selectors 421 and 424, and a pair of binary image
encoders. Of these circuits, the selector 421 is a
selection circuit at the input side, and the selector

15 422 is a selection circuit at the output side. A
binary image encoder 422 is a first binary image
encoder for encoding by [method 1] above, and a binary
image encoder 423 is a second binary image encoder for
encoding by [method 2] above.

20 In the binary image encoder 170, the selectors 421
and 424 adaptively distribute a signal of the macro
block to be processed supplied from the transposition
circuit 175 via a signal line 411 to the first and
second binary image encoders 422 and 423 in accordance

25 with a switching signal supplied via a signal line 413
so0 as to encode the distributed signal of the macro

block.



scan-type determnation circuit 177, and outputs the transposition results.

The binary i mage encoder

signal supplied via these transposition circuits 175 and 176. 5
the up-sanpling circuit 172 up-sanples the al pha-map signal
supplied via the down-sanpling circuit 171 at a conversion rati o out put
fromthe CR determination circuit 111. The r8#ti on estimati on/ conpensati on
circuit 160 generates a notion 10 estimati on/ conpensati on signal using
a decoded image of the reference frane stored in the frame nenory 130, and
outputs that signal to the node determ nation circuit 110 and the
down- sanpling circuit Tha emerdedwiricwmption s rewtputt 7Wigdodnsi@rdles t he
estimati on/ conpensati on signal_ at_a conversjon ratio oqutpu

fromthe CR deterki®itdbh ci¥eks tthet Fihd 43 drRH-hpH HF Hidt®itha 7

down- sanpl es the deco

j t h e f t dint f
TonDry 130 at A COMARLI HPSRCIE ARDACH R T RAEEE ZPPBL IS T e | on
[ it 111. Th | ect 120 | ect t ired f
decoded si gnal mOTHON CES RS BIGoL B e Yo e ST ey et o0,
decoded si gpal n1t}£ﬁg%) E%iéﬁrét%ﬂ§§¥‘f956| val ue setting circuit 150,
I'on

t he ot her

noti on 15

noti on 25

hand,

est 1 mat

10

15

20

25

conpensation signal n2 fromthe notion
The switching information supplied via the signal

line 413 may be a preset default value, or proper
switching information may be obtained on the basis of
the image contents, may be separately encoded as side
information, and may be Supplied to the decoding side.
With this process, optimal processing can be done
on the basis of the image contents, and an appropriate
one of a plurality of encoding methods can be selected
and used in correspondence with each application.
Similarly, FIG. 22A is a block diagram of the
binary image decoder 280 used in this embodiment. As
shown in that figure, the binary image decoder 280
comprises a pair of selectors 441 and 444 and a pair of
binary image decoders 442 and 443. Of these circuits,
the selector 441 is a selection circuit at the input
‘'side, and the selector 444 is a selection circuit at
the output side. The binary image decoder 442 is a
first binary image decoder for decoding an image
encoded by [method 1] above, and the binary image
decoder 443 is a second binary image decoder for
decoding an image encoded by [method 2] above.

In the binary image decoder 280 with the

t

a
a

170 encodes and out puts the down-sanpl ed al pha-map

On



estimation/ conpensation circuit 160, and a decoded signal fromthe
up-sanpling circuit 172 in accordance 73 with classification information
out put fromthe node determ nation circuit 110. The frame nenory 130 stores
the output fromthe selector 120 in units of franes. The node determ nation
circuit 110 analyzes the 5 al pha-map signal supplied via the al pha-map
signal input line 2 with reference to the nm®d on estimati on/ conpensati on
signal fromthe notion estination/conpensation circuit 160 and an encoded
signal b4 fromthe binary i mage encoder 170, and 10 deternines I f each
macro block is classified to one of "transparent"”, "opaque", "no update",
and "coded”, in \AhQve-glentiamed|antangenens:, tie dekestons toutand Ldhe’
determ nation result as node information bO The notion vector detection
circuit (MWE) 17@daptivelgeidigtyibutr iqnradad hinaim inrge PR Kynal
supplied via the a p signal_jinput line 2. The encoder . 179 encodes
t hg moti on vect or? éc‘i}lfg RAFRHP P \Rfctfiﬁocife?"é%a/ YRt iedi g Mve)

178, and outputs the ghooded feoUd @% PLLAN 26Ol WIBLLP e
5 decoders 442 and 443 in accordance with a switching

signal supplied via a signal line 433 so as to decode
that information.

The decoded signal is output via a signal line 432.
Note that FIG. 22B does not illustrate the signal lines

10 from the demultiplexing circuit 210, mode decoder 220,
and transposition circuit 285 that supply signals to
the binary image decoder 280.

Note that the switching information supplied via

the signal line 433 may be a default value or may be

15 information sent from an encoder that obtains the
switching information from an incoming encoded bit
stream.

An example of a circuit for attaining size
conversion (up-samplingedown-sampling) will be

20 described below.

The present invention performs rate control by
performing size conversion in units of video object
planes (VOPs) or in units of blocks (macro blocks). As
an example of a technique used in that size conversion,

25 "linear interpolation” disclosed in Japanese Patent
Application No. 8-237053 by the present inventors is

known. This technique will be explained below. The



20 - For exanple, when prediction encoding is applied to the MW encoder
179, a prediction error signal is output as the notion vector information
bl. The VLC (variable-length coding) nultiplexing circuit 180 receives,
vari abl e-1 engt h encodes, and 25 mul ti pl exes node information bO from
the node determnation circuit 110, notion vector information bl fromthe
MW encoder 179, conversion ratio informatiorgy 74 b2 fromthe CR
(conversion ratio) determnation circuit 111, scan type information b3 from
the scan type (ST) determ nation circuit 177, and binary encoded

I nformation b4 fromthe binary i mage encoder 170, and 5 out puts the
mul ti pl exed i nf orhiateaan ionterddieatsiamarill e Iedar ibesd atirtesee fbrence
arrangenent, the al pha-nmap signal to be encoded is supplied to the

al pha- map encodert@FiG% t3dA aph2IiBpsinhatefieyance | Mgani @b r'étiedeq ng

10 that signal, the al pha-nmap encoder 20 anal yzes the al pha-map signal
usi ng the node dR¥GRTREHIDHNIRAGR" 110 1B ChéCkgdX®ach macro bl ock is
classified to one of "transparent”, "opaque", "no update", and "coded",

In FIG. 23A, Pex is the pixel position after

5 conversion, and this Pex indicates a real'nqmber pixel
position, as shown in FIG. 23A.
Eight areas are divisionally defined based on the
distance relationship with integer pixel positions A, B,
C, and D of an input signal, and a pixel value Ip of
10 Pex is obtained based on pixel values Ia to Id of A to
D using logical expressions shown in FIG. 23B.
Such process is a process called "linear
interpolation”, and the pixel value Ip of Pex can be
easily obtained from the pixel values Ia to Id of A
15 to D.
Since this linear interpolation process is done
using only four surrounding pixels, changes over a
broad range are not reflected, and discontinuity in the
oblique direction readily appears. As an example for
20 solving this problem, Japanese Patent Application
No. 8-237053 proposes an example for performing a
smoothing filter process (smoothing process) after the
up-sampling process.
The smoothing process will be described in detail
25 below with reference to FIGS. 24A and 24B. FIG. 24A
shows a binary image of an original size, and FIG. 24B

shows a binary image obtained by down-sampling that



in units of macro blocks. In this case, for exanple, 15 t he nunber of

m smat ched pixels is used as an evaluation criterion for classification.
More specifically, the foll ow ng processes are done. The node determ nation
circuit 110 cal cul ates the 20 nunmber of m smatched pi xels when all the
signals in the input macro bl ock are replaced by transparent val ues. Wen

t he cal cul ated nunber is equal to or snallerg4han a threshold val ue, the
node determ nation circuit 110 classifies that nacro block to
"transparent”. Likew se, 25 when the nunber of m smatched pixels

cal cul ated when all the signals in the macro block are replaced by opaque
val ues becones eqglmedgée 0 OIn SFEGS er24haand 24B /Sthdiradsjedtd acsaieis t he node
determ nation circuit 110 classifies that macro bl ock to "opaque".
Subsequent | y, t heimdieated dryri fiatl onind Yesi tand cthel katkaesundarembe? of
m smat ched pixels for each 5 of macro bl ocks that are classified to
nei t her "transparipdicalrd "Bpeprn ciXhleespect to the corresponding notion

estimati on/ conpensati on val ue . . L
In this example, in order to smooth discontinuity

5 in the oblique direction arising from sampling
conversion (up-samplinge«down-sampling conversion), the
upper, lower, right, and left pixels, i.e., neighboring
pixels, of each pixel (open circle) in the background
area are checked, and if these neighboring pixels

10 include two or more pixels (full circles) in the .object
area, that pixel in the background area is incorporated
in the object area.

More specifically, when the neighboring pixels
of the pixel to be inspected as one pixel in the

15 background area include two or more pixels (full
circles) in the object area like those at the positions
indicated by double circles in FIG. 24B, the pixel
(i.e., the pixel to be inspected) at each position
indicated by the double circle is converted into a full

20 circle pixel, i.e., a pixel in the object area. 1If,
for example, "1" represents a full circle pixel and "0"
represents an open circle pixel, a process for
replacing the pixel (pixel value "0") at each position
indicated by the double circle by a pixel value "1" is

25 done. With this process, the discontinuity in the
oblique direction can be eliminated.

FIG. 25 shows another example of the smoothing



supptied via a signal line 101, and if the cal cul ated nunber is equal to or
smal l er than a threshold value, 10 that block is classified to "no
update”. Macro bl ocks that are classified to none of "transparent",
"opaque”, and "no update"” are classified to "coded". This classification

i nformati on bO of the node 15 determnation circuit 110 is supplied to
the selector 120 via a signal line 102. Wien3the node of the bl ock of
interest is "transparent”, the selector 120 selects a decoded signal nDin
which all intra-block pixel values are set at transparent values in the

i ntra-block 20 pi xel value setting circuit 140, and supplies the signal
to the frame nmendidltE30 (smeoithd ngi gralcelsisnd id teg )st od@t (€ iim FH& .St dge
area of the franme of interest. Al so, the selector 120 outputs the selected
signal as the outih§t centmad FiFed- @dp 2edcdddr Pigelpmask, and TLgj FR.qMALy,
when the node of the macro block of interest is "gpaque", the selector 120
sel ects a decode®™S GHaPenithien upmedh 185t /i MPRPSLITEAN D dOWSFallfdd - anss are

set at opaque vaH%%%E @f&ﬂ% bq%% %bkﬁ%ﬁ @é@%eé%?E%Fc. Then, the

5 following equation can yield the filtered value of the
pixel C. 1In this case, "1" represents the object value,

and "0" represents the background value.

if (C == 0)
{
10 if ((TL + TR + BL + BR) > 2)
C=1:
else
cC=20
}
15 else
{
if ((TL + TR + BL + BR) < 2)
c =1
. else
20 C=20
}

More specifically, in this filter operation
process, if the pixel C is "0", it is checked if the
sum of the pixels TL, TR, BL, and BR is larger than "2".
25 If the sum is larger than "2", the value of the pixel C
is set at "1"; otherwise, the pixel C is set at "0".

On the other hand, if the pixel C is not "0", it is



setting circuit 150; when the node of the macro block of interest is "no
update", the selector 120 selects a notion estimtion/conpensation signal
n2 generated by 5 the notion estimtion/conpensation circuit 160 and
supplied via the signal line 101; or when the node of the nmacro bl ock of
interest is "coded", the selector 120 selects a decoded signal nB8 supplied
via the down-sanpling circuit 171 and up-samgaing circuit 172 10 and
supplies the selected.signal to the frame nmenory 130 via the signal line 4
to store it in the storage area of the corresponding frame. Also, the
sel ector 120 outputs the selected signal as the output of the al pha-nmap
encoder 20. 15 checked Tife hexeunvalighe el sddro TR oBL cl iBR kb t o
"coded" in the node determ nation circuit 110 are down-sanpl ed p t he
down- sanpl i ng ci renakleryithamd Zre tHerthahdsded Dysnadelasn idrdn | hdige R oder
170. The setting infornation of the CR (conversion rati}g used 20 in
the down-sanpling@&l¥e B e BixehiGiieFdy dthe RIRFTHIRR 4 PR rcui t
111. For exanple, wh rléhe dow$-sa&ﬁying ratio is defined to be three
di fferent val ues P¥¥& C 4 §ftt Howt sanpling)”, "1/2 (down-sanpling to 1/2
in both the horizontal aq% %5 veriic l.?irec ions).t . and,"1/4
(down-sanpling to 1/4 PRI h%o h% ;llséo%t]a “hh J\L/rér%%%? Vllr%%t?fon% e, t he
pixel C is corrected in consideration of changes in
pixel value located in the oblique direction with
respect to the target pixel C, discontinuity in the
oblique direction can be eliminated. Note that the
10 arrangement of the smoothing filter is not limited to
the above example, and a nonlinear filter such as a
medium filter or the like may be used.
FIG. 26A is a view showing a process for attaining
2x up-sampling in both the horizontal and vertical
15 directions by linear interpolation. In FIG. 26B, the
decoded pixel in a down-sampled block is indicated by
an open circle, i.e., "O" mark, and an interpolated
pixel is indicated by a cross mark, i.e., "x" mark.
These pixels take on either a pixel value "0" or "1".
20 In this case, if the values of the interpolated
pixels are obtained by logical expressions shown in
FIG. 23B, we have:
Ipl = Ia, Ip2 = Ib, Ip3 = Ic, Ip4 = 1d
Hence, since all the four interpolated pixels
25 around the pixel A have a pixel value Ia, 2 x 2 pixels

in the up-sampled image have identical values, and

smoothness is impaired. By changing the weighting



CR determnation circuit 111 obtains the CR (conversion 77 ratio) in the
follow ng steps. (1) The nunber of m snmatched pi xel s between the decoded
si-gnal obtai ned when the nacro bl ock of interest is down-sanpled to "1/4"
and that macro bl ock 5 is calculated, and if the calculated value is
equal to or smaller than a threshold value, the down-sanpling ratio is
determned to be "1/4". (2) |If the nunber of9%i smatched pixels is |arger
than the threshold value in step (1) above, the nunber 10 of m smat ched
pi xel s between the decoded signal obtai ned when the macro bl ock of interest
is down-sanpled to "1/2" and that macro block is calculated, and if the

cal cul ated val ue $eeEfi@ienbs opf shim¢ar interpolatiemors fallewst hehe
down-sanpling ratio 15 is determned to be "1/2". (3) If the nunber of
ni smat ched pi xel s2PQVE PHRPLeMFAR Hee t$9EEedi d value in step (2) above, the

down-sanpling ratio is deterpined to be "1". The value of the CR
(conversion ratio) obtaiﬁ@ﬁ'gﬁ(gﬁIa HIbptlewildi 325 uppeRedlt oeise "0

domn-sanpljng U 12%2:if(1a +2*Ib +Ic +Id >2) then "1" else "0"
5 Ip3:if(Ia +Ib +2*Ic +Id >2) then "1" else "0"
Ip4:if(2%Ia +Ib +Ic +2*Id >2) then "1" else "0"
where Pi (i = 1, 2, 3, 4) is the interpolated
pixel corresponding to the position "x" shown in
FIG. 26A, and Ipi (i = 1, 2, 3, 4) is the pixel value
10 ("1" or "0") of the pixel Pi (i = 1, 2, 3, 4). A, B, C,
and D are the pixels in the down-sampled block, and Ia,
Ib, Ic, and Id are the pixel values of these pixels A,
B, C, and D.
[Ipi:if(2*1a +Ib +Ic +Id >2) then "1" else "0"]
15 means that the pixel value Ipl of the pixel Ipl is set
at "1" if the sum of the doubled value of Ia, and Ib,
Ic, and Id is larger than 2; otherwise, it is set at
"o,
[1p2:if(Ia +2*Ib +Ic +Id >2) then "1" else "0"]
20 means that the pixel value Ip2 of the pixel Ip2 is set
at "1" if the sum of the doubled value of Ib, and Ia,
Ic, and Id is larger than 2; otherwise, it is set at
"o,
[Ip3:if(Ia +Ib +2*Ic +Id >2) then "1" else "0"]
25 means that the pixel value Ip3 of the pixel Ip3 is set
at "1" if the sum of the doubled value of Ic, and 1Ia,

Ib, and Id is larger than 2; otherwise, it is set at



173, and 174, up-sanpling circuit 172, and binary i mge encoder 170 via a
signal line 103. The CR value is also supplied to and encoded by the VLC
(variable- length coding) nultiplexing circuit 180, and the 25 encoded
value is nmultiplexed with other codes. On the other hand, the
transposition circuit 175 transposes the positions of signals in the
down- sanpl ed bl ock 78 supplied fromthe dgwn-sanpling circuit 171
(switch the horizontal and vertical addresses). Wth this process, the
encoding order is switched to the horizontal scan order or vertical scan
order. 5 The transposition circuit 176 transposes the positions of
signals on the bd¥i"s @nddecoded pi xel val ues near the macro bl ock of

i nt-er est down-sanpl ed E% t he domm-sanpling circuit 173 and the noaiqﬂ
estimation/ conmpensati 8AP4ighAaTaddRR- afpFréd iy >Ehe th6Rn-"danfileRy "0
circuit 174. Whether or not transpositiqQn is done in the transposition
circuits 175 and ™EP&'S Ihddt @'&’ﬁ fﬁ’éa‘,eif ra?lé‘ﬁaﬁ@‘le,ow Pesdi By SnsGe

encoder 170 execyties, enqqdig L0bath e dagthzantal and i ala 3520

5 Ib, and Ic is larger than 2; otherwise, it is set at
"0".

Note that 4x up-sampling in both the horizontal
and vertical directions can be attained by repeating
the above-mentioned process twice.

10 In the above example, the up-sampling process is
done by arithmetic operations. However, the
up-sampling process may be done without using any
arithmetic operations. Such example will be described
below.

15 In this example, a table is prepared and held in a
memory, and pixels are uniquely replaced in accordance
with that table.

A detailed explanation will be given. For example,
assume that the memory address is defined by 4 bits,

20 and Ipl, Ip2, Ip3, and Ip4 obtained in correspondence
with the patterns of Ia, Ib, Ic, and Id are recorded in
advance at addresses obtained by arranging Ia, Ib, Ic,

and Id, as in the following table.



15 - orders and supplies the output encoded information b4 to the ST
(Scan Type) determnation circuit 177 via the signal line 104, and the ST
determnation circuit 177 selects a scan direction with the snaller numnber
of encoded bits. 20 The binary image encoder 170 encodes signals
of the macro block of interest supplied fromthe transposition circuit 175
using a reference signal supplied fromthe gransposition circuit 176. Note

that a technique used in the third enbodi nent 25 descri bed above nay be
used as an exanple of the detailed binary imge encodi ng net hods. However,
the present invention is not limted to such specific 79 met hod, and the

bi nary i mage encoder TZ) oflh he Icour tid end@di nediPZan Ikse othR& binary

i mge encodi ng nmet hods. The bl ocks cl assified to "coded" incl.ude "intra"
encodi ng node bl ocks that ¥se aOefelence B xel it the® % rane, and
"inter" encodi ng node bl ocks that refer to the notion
estination/conpensatidh siéha!. te]that #htra/#htey éhﬁtphﬂ%g can be done
by suppl yi ng encoded upforqptloq supQ;led Q{on1tQF blnq{y i mpge encoder 170

5 0 0 1 1 0 0 0 - .0
0 1 0 0 0 0 0 0

0 1 0 1 0 1 0 1

0 1 1 0 0 1 1 0

0 1 1 1 1 1 1 1

10 1 0 0 0 .0 0 0 0
1 0 0 0 0 0 0 1

1 0 1 0 1 0 1 0

1 0 1 1 1 1 1 1

1 1 0 0 1 1 1 1

15 1 1 0 1 1 1 1 1
1 1 1 0 1 1 1 1

1 1 1 1 1 1 1 1

This example represents the table that can
uniquely determine Ipl, Ip2, Ip3, and Ip4 if the
20 combination of the contents of Ia, Ib, Ic, and Id is
determined, in such a manner that if "Ia, Ib, Ic, Id"
arxre "0, 0, 0, O", *Ipl, Ip2, Ip3, Ip4" are "0, 0, O,
o"; if "Ia, Ib, Ic, Id" are "0, 0, O, 1", "Ipi, Ip2,
Ip3, Ip4" are "0, 0, 0, O"; if "Ia, Ib, Ic, Id" are "0,
25 0, 1, 1», "Ipl, 1Ip2, Ip3, Ip4" are "0, 0, 1, 1"; if "Ia,
Ib, Ic, Id" are "0, 1, O, 1", "Ipl, Ip2, Ip3, Ip4" are

"0, 1, 0, 1"; if "Ia, Ib, Ic, Id" are "0, 1, 1, 0",



to the node determnation circuit 110 via a line 104 10 and selecting a
node that can reduce the nunber of encoded bits. The sel ected encodi ng node
(intralinter) information is supplied to the binary inage encoder 170 via a
signal line 105. The information encoded by the binary inmage 15 encoder
170 in an optimal node sel ected by the above-nentioned neans is supplied to
the VLC nultiplexing circuit 180 via the sigg@al line 104, and is nultiplied
wi th other codes. The nobde determination circuit 110 supplies optinmal node
information to the 20 VL[ err]nultiplexing circuit 180 via a signal
line 106, and is multiplexed together with other codes after it is encoded.
The notion vector"Het ecipdn Ep3culps { MES 1078 Hetket$” ananpt$eednnoti on
vector. Since various detection nethods of the notion vector are avail able,
25 and the notion Yeerosuehtbebienisesdbdandsheldi snnbhepReMeryafOpart

of the present invention, a detailed description thereof will be omtted.
The det ect ed gehabt Fim cRREPLS CEubdt i B t 1 ¢ i@ dhot ¢ oFeRERFFRE | 3R/

conpensation cirelid, 380 Vigy fal 8" M otdd%d Wnal Sadfess are 1p1, 1p2,

5 Ip3, and Ip4, the address defined by Ia, Ib, Ic, and Id
is input to the memory to read out the corresponding
Ipl, Ip2, Ip3, and Ip4, thus obtaining an interpolated
value upon executing an interpolation process. Note
that the arrangement of Ia, Ib, Ic, and Id defines a
10 binary number, and if a numerical value obtained by
converting this binary number into a decimal number is
called a context, this scheme can be an embodiment for
obtaining the interpolated values Ipl, Ip2, Ip3, and
Ip4 using a context defined by Ia, Ib, Ic, and Id.
15 Note that the context is given by:
Context = 2#*2*2+%Ia + 2#%2%Ib + 2*Ic + Id
In the above-mentioned example of the scheme for
obtaining an interpolated value using a context, the
number of pixels to be referred to is four. However,
20 this scheme is not limited to such specific number of
pixels, and may be implemented using any numbers of
pixels such as 12 pixels, as will be described below.
As for the layout of the decoded pixels and
interpolated pixel, the following method is available.
25 For example, nine pixels bounded by the dotted line are
used as decoded pixels to obtain a context (= 0 to 511)

for an interpolated pixel P1l, as shown in FIG. 27A, and



encoded by the MW encoder 179. Thereafter, the encoded information is
supplied to the VL(Jerr]nultiplexing circuit 5 180, and is nultipl exed
together with other codes after it is encoded. The nultipl exed code is
output via the signal line 3. The notion estinmation/conpensation circuit
160 generates a notion estinmation/conpensation signal using 10 t he
decoded i mage of the reference frane storedgon the frame nenory 130 on the
basis of the notion vector signal supplied via the signal |ine 107, and
outputs the generated signal to the node determ nation circuit 110 and the
down-sanmpling circuit 174 via the signal 15 line 101. As a result of
t he above- nenti onke peduessdsthei daterpoddited phixelc®l dssdederingmeidrdge
quality and high conpression ratio can be done. Decoding wll. be expl ai ned
bel ow. 20 be FPG 020 "ils dependibgdobl bk dbigiasdotonitexal.pha- map
decoder 40. As shown in FIG 20, the al pha-map decoder 40 conprises a VLC
(vari abl e-1 ength codi A§F iadprpalsited pdxelscfid: 2R, apsud ddedddd@l=220,
sel ector 230, 25 intra-nmacrqg bl ock _pi xel ,val ue Sﬁé ing._circuits 240 and
250, ot i on st i RELPERACSHpEHEARPa ot AAIFE 3807 isamd THendrs 2 P8 Bikary
| mage decoder 28%reu%é%%ggkhg%ly used as decoded pixels in corre-
spondence with the positional relationship between
their interpolated position and four most neighboring
decoded pixels that surround the position.
In this case, when decoded pixels A to I are set
10 to have identical positibns relative to the inter-
polated pixel P (for example, FIG. 27B has a layout
obtained by rotating FIG. 27A 90° clockwise), if the
decoded pixels have patterns obtained by rotating an
identical pixel pattern, they yield an identical
15 condext. Hence, interpolated pixels Pl to P4 can use a
memory having common contents.
An example of up-sampling a 4 x 4 macro block to
16 x 16 pixels will be explained below.
When a 4 x 4 macro block is up-sampled to
20 16 x 16 pixels, a 4 x 4 size macro block MB is up-
sampled to an 8 x 8 size, and the 8 x 8 size macro block
MB is then up-sampled to a 16 x 16 size macro block MB.
FIG. 28A shows external decoded pixels (to be
referred to as borders hereinafter) AT and AL used
25 when the 4 x 4 size macro block MB is up-sampled to an

8 x B8 size, and FIG. 28B shows borders BT and BL used

when the 8 x 8 size macro block is up-sampled.



81 circuit 281, transposition circuits 282 and 285, down-sanpling circuits
283 and 284, binary inmage decoder 280, and notion vector decoder 290. O
these circuits, the VLC (variable-length 5 codi ng) denul ti pl exi ng
circuit 210 decodes the input nultiplexed encoded bit stream of the

al pha-map to denultiplex it into node information bO notion vector
information bl, conversion ratio information®2, scan type information b3,

and encoded binary inmage 10 information b4. Upon receiving the
derul ti pl exed node information b0, the node decoder 220 decodes one of the
four nodes "transparent", "opaque", "no update", and "coded". The binary

i mage decoder 280 is &hdE ouiderfsoATLhave adeécanivig tBheodnaodd@ayimiutary i nmage
i nformation b4 denultiplexed by the VLC (vari abl e-1ength codi.ng).
denul ti pl exi ng cihoggiers2 23 iantdo r@wbixndr goiliage layiong .t hordems BTplrexed
conversion ratio information b2, the node information decoded by the node
decoder 220, and2@°W X l1gf 6PARIMoA A¥PYM t BB PRASEESI BloAnci®r &Gt X285, and
out putting the d%C%%S%Ag Q%&%u%qage. The up-sanpling
5 The values of these borders must be bbtained as an
average value of pixels at predetermined positions in
the already decoded macro block, as will be described
below with reference to FIG. 29. However, the binary
image encoder 170 and binary image decoder 280 refer to
10 the borders AT and AL upon encoding in a 4 x 4 pixel
size, and when they refer to the borders BT and BL upon
encoding in an 8 x 8 pixel size, the values of the
borders AT and AL may be converted to obviate the need
for border calculation only for up-sampling.
15 In this case, if the average values of the borders
BT and BL are not calculated but are obtained from the
borders AT and AL by the following process described in

C language as a computer programming language, the

average value operation can be omitted although the

20 results are slightly different from average values:
BT[0][0] = AT[0][0]
BT[0][1] = AT[0][1]
BT{1][0] = AT[1][0]
BT[1]({1] = AT[1](1]
25 BT[0][10] = AT[0][6]
BT[0][11) = AT[0][6]
BT{1][{10] = AT[1]([6]



circuit 281 is a circuit for up-sanpling the decoded binary inmage using
information of the demultipl exed conversion ratio information b2. The

ty ansposition 25 circuit 282 is a circuit for transposing the

up-sanpl ed i mage in accordance with the denultipl exed scan type information
b3, and outputting the transposed i nage as 82 a decoded signal nB8. The
intra-macro bl ock pixel value setting circui@1240 is a circuit for
generating a decoded signal mODin which all the intra-nmacro bl ock pixe

val ues are set at 5 transparent values, and the intra-nacro bl ock pixel
val ue setting circuit 250 is a circuit for generating a decoded signal n
in which the intra-mcr @Hl1ddk 1gi xelARIdI]Uéd are set at opaque val ues. The
notion vector decoder 290 is a circuit for 10 decodi ng the notion
vector of each macro H®%cK 3T rig $he It DodWedtda® i meltfiton bl

demul ti pl exed by the VLC (variable-length coding) denultiplexing circuit
210. The notion estimtiory conpensation circuit 260 is a circuit for

decoded i mage the reference Pdng v = by ri/2490e M Tromine
5 BT[i]1[3] = AT{i/2](3] '
The above-mentioned process generates BT and BL by
additionally processing pixels repetitively using AT
and AL values in such a manner that, for example, a
pixel pl in FIGS. 28A and 28B is copied to pixels p2
10 and p3, and a pixel p4 is copied to pixels p5 and p6.
Note that "[] (]" in C program indicates an array, and
a numeral in [] is a decimal number.
The detailed scheme of the up-sampling process
have been described. The detailed scheme of the
15 down-sampling process will be explained below.
FIG. 30 shows an example of the down-sampling
process for down-sampling a block (macro block) to a
"1/2" size in both the vertical and horizontal
directions. 1In this example, assuming that the area in
20 each dotted line window is a unit down-sampling block
area, the average value of 2 x 2 pixels (a total of
four pixels indicated by "O" in each dotted line
window) in the unit down-sampling block area is used as
a pixel value in that unit down-sampling block area.
25 More specifically, when a macro block is down-sampled
to a "1/4" size in both the vertical and horizontal

directions, the average value of 4 x 4 pixels is



stored in the frame nmenory 270 using the decoded notion vector. The
down-sanpling circuit 284 down-sanples the notion estimtion/ conpensati on
value n2 using information of the demultiplexed conversion ratio 20

i nformati on b2. The down-sanpling circuit 283 down-sanpl es the inmage of
the reference frane stored in the frame nmenory 270 using information of the
dermul ti pl exed conversion ratio information D82 The transposition circuit
285 is a circuit for transposing 25 t he down-sanpl ed i mages out put from
t he down-sampling circuits 283 and 284 on the basis of the scan type

I nformati on b3 demul tipl exed by the VLC 83 (vari abl e-1 ength codi ng)

denul ti pl exi ng cigkiained 0in amd wrutglitun ity ddven+tsansbiosediomlyearaas + he

bi nary i mage decoder 280. The sel ector 230 sel ects and outputs one of the 5
decoded signal s mMPAnE MS9F Gf thPi*RY ZHRS olbI At pidst RS TR IR
circuits 240 and 250, the notion estimation/conpensation value n2 fromthe
notion estimatiorf éHftion circuit 260, and the decoded signal nB from

the transposition CIr?&%éuﬁ?ﬁ% gwgiven unit down-sampling block area

5 including pixels A, B, C, and D, as shown in FIG. 31,
upon determining the value of this unit down-sampling
block area by calculating the value of a pixel X in the
unit down-sampling block area, pixels E, ¥, G, H, I, J,
K, L, M, N, O, and P in a broader range may also be

10 used, and the average value of these pixels A to.P may
be calculated in place of calculating the average
value of the pixels A to D. That is, of pixels in
neighboring unit down-sampling block areas, those that
neighbor the pixels A to D are also used in calculating
15 the average value, and the average value of these
pixels is adopted.

In the above description, the average value of the
existing pixel values is determined to be the pixel
value of the unit down-sampling block area to decrease

20 the number of pixels in that unit down-sampling block
area, thereby down-sampling a macro block. Also, a
macro block may be down-sampled by a mechanical
thinning process without requiring such calculations.

This example will be explained below. A closed

25 process within a macro block will first be explained.

FIG. 32 shows an example of the down-sampling

process by means of pixel thinning. More specifically,



10 - frame nenory 270 stores the video signal output fromthe sel ector
230 in units of franes. The al pha-nmap decoder 40 with the above-nenti oned
arrangenent receives an al pha-map encoded bit streamvia the signal |ine 8.
The bit streamis supplied to 15 the VLD (vari abl e-1 ength decodi ng)
[err]denul tiplexing circuit 210. The VLD (vari abl e-1ength decodi ng)
[err]demul tiplexing circuit 210 decodes theippt stream and demnulti pl exes
it into the node information bO notion vector 20 i nformation bl,
conversion ratio information b2, scan type information b3, and encoded
bi nary image information b4. These pieces of denultiplexed information are
managed i n units BXGmex? cHuver kshe Gftatle sehadmmrl ta plasxsd bldde M8 i on, the
node 25 information bOis supplied to the node decoder 220 to determ ne
one of the fol | owans iddayg taf ch lth@irediso i slwrofsanplacly maaHys:
84 (1) "transparent" (2). "opaque" (3) "no update" .
of pixel thinning to 'a block consisting of 8 x 8 pixels.
That is, the pixels indicated by dotted open circles in
5 FIG. 32 are thinned pixels, and the pixels indicated by
solid open circles become pixel values of unit
down-sampling block areas ("x" in FIG. 32). 1In this
case, the conversion ratio (CR) indicates the ratio of
pixels to be thinned. Note that the pixel thinning
10 method is not limited to the method described with the
aid of FIG. 32. For example, pixels may be thinned in
a 5-spot face pattern of one of dice. 1In this case, an
up-sampling process corresponds to interpolation of
thinned pixels. The detailed methods of various
15 down-sampling processes have been explained. An
up-sampling process will be explained below.
FIG. 33 shows an up-sampling process. In FIG. 33,
a solid rectangular window indicates a macro block, and
each square in portions indicated by dotted windows
20 indicates a unit down-sampling block area. An open
circle in each unit down-sampling block area represents
a coded pixel, and the number of pixels is increased by
interpolation to up-sample the macro block. The
interpolated pixels are indicated by "x", and after
25 interpolation, a pixel indicated by "O" becomes an

unnecessary pixel.

Upon interpolating pixels in the boundary portion



(4) "coded" 5 Note that the node "coded" includes the "intra" and
"inter" nodes, as described above in the enbodi nent of the decoder shown in
FIG 19. That is, the "intra" encodi ng node uses a reference pixel in the
frame, and the "inter" encoding node refers to a notion 10

estimation/ conpensati on signal. Wen the node of the macro bl ock of
Interest is "transparent” in accordance w thpghe above-nenti oned encodi ng
node supplied via a signal line 201, the selector 230 selects the decoded
signal mO in which 15 all the intra-macro bl ock pixel values are set at
transparent values by the intra-block pixel value setting circuit 240, and
suppl i es the sel exft &d neiaymalblicxwk he ifvedney ateres oAl de dhehanasimmdllddine 9.
The signal is stored in the storage area of the video frame, 20 to

whi ch the nmacro Bnsgkreguingdr edin Bdligh@gasef ashdrdigatatkemy AXXTHS amd i s
output as a decoded al pha-map i mage from the al pha-map decoder 40.

Li kewi se, when t FEGrode oMasie NGBk RIZ9IR diedthg Facgmdieck qan
decoded signal m_in which 25 all the intra-block pixel values are set
at opaque val ues ¥y &¥5%-99%%-a- macro bl ock pi xel val ue setting circuit 250

'S selecte%; when the ofgaégeéf¥ié§¥T§% when pixel interpolation in a

given unit down-sampling block area is to be done, a
total of nine pixel values, i.e., its own pixel wvalue
and those of eight surrounding blocks as neighboring
unit down-sampling block areas, are required in the

10 process. However, when the unit down-sampling block
area in the macro block is located in the boundary
portion of the macro block, since some of eight
surrounding blocks belong to another macro block,
pixel values outside the macro block to which that

15 down-sampling block area belongs must be additionally
used. In this case, as indicated by arrows in FIG. 32,
the pixel values of pixels closest to those in the
macro block to which that down-sampling block area
belongs are assigned to surrounding blocks, and can be

20 temporarily used as the pixel values in the neighboring
unit down-sampling block areas required in the process
of the pixel values.

Note that the size conversion process in units of

macro blocks need not be closed within each macro block,

25 but may use decoded values (pixel values in left, upper,
upper left, and upper right neighboring blocks) near

the block, as shown in FIG. 29.



85 block of interest is "no update", the notion estimation/conpensation
signal nR2 generated by the notion estinmation/conpensation circuit 260 and
supplied via a signal line 202 is selected; or when the node of 5 t he
bl ock of interest is "coded", the decoded signal nB supplied via the
up-sanpling circuit 281 and transposition circuit 282 is selected. The
sel ected signal is supplied to the frane nempsy 270, and is stored in the
storage area of the video frane, to which 10 the macro bl ock of

i nterest belongs, in the frame nenory 270. Al so, the selected signal is
out put as a decoded al pha-map i mage fromthe al pha-map decoder 40. On the
ot her hand, the denult Thliiexwdliobeonxpdatinedi ahodatidnbbBlows supplied to

t he-notion vector decoder 15 290, and the notion vector of the macro
bl ock of interest is déBoB&&- ?he deEBdéd wWBEtanavdarowindowyppricates ehe
notion estimation/conpensatjon circuit 260 via_a signal_ |ine 203. The

noti on esti mati onBLlEBRPRASEK: HacrPchiechbo gBAer i eRarkfpindhcabe
estimation/conpensation value fromthe decoded frape,i e of the reference
frame stored in t H6*PFanBEnBRolYa890( GhaRHer§Lranbf LoRFLOHoiMBRSY oELER.
The generatgd the magnification is 1x. The macro block is normally
made up of 16 x 16 pixels. When a frame is compressed
to 1/2, the block is made up of 8 x 8 pixels, and an
image for 2 x 2 pixels in the 16 x 16 pixel block is
expressed by one pixel. The image for 2 x 2 pixels in
10 this case is indicated by a "t)" mark in FIG. 29 by
expression information of a representative point in the
one-pixel expression format. Each window bounded by
dotted lines corresponds to a unit down-sampling block
area, i.e., a 4-pixel (2 x 2) area in a standard
15 magnification image. 1In case of 1/2 down-sampling,
this dotted window area is expressed by one pixel.

When a 1/2 down-sampled image is restored to an
original image size (i.e., is restored to a standard
magnification image), each l-pixel area of the 1/2

20 down-sampled image is restored to a 4-pixel area. This
process is done by interpolation as follows in place of
the closed process within the macro block.

For example, in FIG. 29, assume that pixels 1 and
2 in a given unit down-sampling block area (dotted

25 window area) of a certain macro block are decoded by

interpolation. At the time of the process, pixel

information indicated by a "O" mark exists. Hence,



value is output to the down-sanpling circuit 284 and selector 230 via the
signal line 202. 25 The demnul ti pl exed conversion ratio information
b2 is supplied to the down-sanpling circuit 283 and up-sanpling circuit
281, and is also supplied to the 86 binary image decoder 280. The scan
type information b3 is supplied to the transposition circuits 282 and 285.
Upon receiving the scan type information b3i1g¢he transposition circuit 282
transposes the position of 5 t he decoded signal of the nacro bl ock,
which is supplied fromthe up-sanpling circuit 281 and is restored to its
original size (swtches addresses in the horizontal and vertical
directions). Uporsimeseicddeyl tfiselcapregeant @immunst ipdkedd I led r2arspdee 10
sition circuit 285 transposes positions of signals between the decoded

pi xel val ues nearinterpslsdledeame fHmsled oy 4/hé dand SandlinRpXircuit 283
and the notion estimation/ conpensation signal down-sanpl ed by the

down- sanpl i ng ci rqtkerpmEatipn is done ugigw tdwss imigale bofersi G &1 o

i nformati on b2, the binary inmge decoder 280 decodes the encoded bj nar
However, ""pixel 3" and "pixel 4" are those belonging to

5 a neighboring block (neighboring macro block), and are
those before up-sampling (pixels of a 1/2 down-sampled
image). In addition, since the neighboring block is
located at a position to be processed before the macro
block of interest, after up-sampling of this macro

10 block, data of "pixel 3" and "pixel 4" may be already
discarded to save memory resources since they are
unnecessary ones at the time of the process of the
macro block of interest.

In such system, as one method of determining the

15 value of, for example, "pixel 3", the average value of
pixels 7, 8, 9, and 10 as neighboring coded pixels that
have already been interpolated in that macro block may
be calculated, and may be used as the value of "pixel
3" that has already been discarded. When the

20 calculations for obtaining the average value are to be
simplified, the average value of pixels 9 and 10, near
pixels 1 and 2 to be interpolated, of a total of four
pixels 7, 8, 9, and 10, may be used as the value of
"pixel 3" that has already been discarded.

25 Also, when pixel 10 is used as the.value of "pixel
3", the calculations can be further simplified. As for

"pixel 4" as well, a nearby pixel value is similarly



I mage information of the macro bl ock of interest denultiplexed by the
denmul tiplexing circuit 210 using a reference signal supplied fromthe
t-ransposition 20 circuit 285. As has been described in the fourth
enbodi ment, the outputs fromthe up-sanpling circuits 172 and 281 may
suffer image quality deterioration arising fromdiscontinuity in an oblique

direction. In order to 25 solve this proptem the up-sanpling circuits
172 and 281 may conprise filters for suppressing discontinuity in the
obl i que direction. 87 Note that the arrangenent of the binary inmage

encoder 280 used is not limted to an exanple of the arrangenent descri bed
in the third enbodietent Inescrsiidd aab@asegs upon hstsEnpolyatimey e parreddelrl ",70.
5 In the description of the above enbodi nent, the enbodi nents of
t he binary i nmage téwec @iraragr0 vaddiehiofapidadsgd dasstdS 280 usad datstsgad t ed
to those in the above-nentioned third enbodi nent. Another exanple will be

expl ai ned bel ow. ©fp "Pixel 12"as piF&tlhdd Hisnased dgwdeatt &fi n®if&hdd " f or

and pixel 17 is used instead of pixel 18.

5 Since a frame image Pf is normally ehched by
dividing a tightest rectangle range mainly including an
object portion, e.g., a video object plane CA shown in
FIG. 34A, into blocks (macro blocks), left, upper,
upper left, and upper right neighboring blocks of a

10 given block located in the boundary portion of the
video object plane may often be located outside the
video object plane CA.

In this case, even when decoded pixel values
(values of decoded pixels) near the block are used, as

15 shown in FIG. 29, if these pixel values belong to a
macro block located outside the video object plane CA,
these decoded bothxel values are not referred to, but
the values of pixels closest to those in the own macro
block may be temporarily assigned to that block and

20 used, as shown in FIG. 33.

Furthermore, upon exchanging data via a
transmission path that may be influenced by errors, the
encoding process is often closed within a unit (this
will be called a "video packet") smaller than the video

25 object plane CA to avoid the influences of errors.
With this process, the influences of errors can be

blocked by this "video packet", and an image is hardly



exanpl e, Markov nodel encoding is known (reference: Television Society ed.
"Video Informati on Conpression”, pp. 171 - 176). FIG 21 is a view for
expl ai ni ng an exanpl e of Markov nodel encoding. Pixel x in FIG 21 15

is the pixel to be encoded, i.e., the pixel of interest, and pixels a to f
are reference pixels, which are referred to upon encodi ng pi xel x. Assune
that pixels a to f are already encoded onesiggon encodi ng pixel x. Pixel x
of interest is encoded 20 by adaptively sw tching variable-length
codi ng tabl es when VLC (variable-length coding) is used or probability
tabl es when arithnetic encoding is used. Wien this enbodinment is applied to
the present inverfifdiendesd dy eamsoi.ng Nedre i@t dhe fvdrdaw ket "

pi xel s, pixels encoded before the pixel of interest in the current macro

bl ock to be procdd$HFatand each aresfenftag dan syswalotUnmnd theunsied by

encoded before the 88 pixel of interest but also the pixels in a notion
esti mation/ conper‘ﬁ?é:ttie(%%éﬂeér 15 §iS-. 3B-s disodiviiglae ipacdedr aditserd zed by

corpri st ng two mestmfé(iq_s area 'obt[aﬁeléo%yl]diarq%iqg[ r1]:?1de (%fidtef(l)e c;[br]jlercq: plane

5 CA, but is also made up of a plurality of macro blocks.
In case of this method, since the encoding process
is closed within the "video packet", even if data used
in a given "video packet" include those suffering
transmission errors, those error data are referred to
10 and processed within that,"video packet" alone, and
neighboring "video packets" never refer to and process
error data, thus realizing a process method in which
transmission errors hardly propagate.
In this case as well, when decoded pixel values
15 near the block are used, as shown in FIG. 29, closest
pixel values within that macro block are assigned, as
shown in FIG. 33, without referring to the decoded
pixel values of a macro block that belongs to a video
packet other than the "video packet" which includes
20 that block.
"Whether or not values outside a macro block or
video packet are to be referred to", described above,
may be switched based on a switching bit prepared in a
code, thus coping with various situations such as the
25 transmission error frequency, allowable calculation
volume, memory capacity, and the like.

In the above-mentioned linear interpolation, a



5 - enbodi nent (the encodi ng net hod based on MVR) and [nethod 2] a nethod
of encodi ng by adaptively sw tching Markov nodel encodi ng, and adaptively
sel ecting and using either of these nethods. FIG 22A is a bl ock diagram of
the binary inmage 10 encoder 170 used in this enbodinment. As shown in
FI G 22A, the binary inmage encoder 170 conprises a pair of selectors 421
and 424, and a pair of binary inmage encodergg9Of these circuits, the
selector 421 is a selection circuit at the input side, and the selector 15
422 is a selection circuit at the output side. A binary inmage encoder 422
is a first binary image encoder for encoding by [nethod 1] above, and a

bi nary i mage encaussceEi8 is dorseammichdifitany suramgsrehiony qrixedrs exlcode ng by

[ met hod 2] above. 20 In the binary inmage encoder 170, the
sel ectors 421 andFaR4lhidapmeaassy, distadrifuimmitsiearecigflitheimadre bl ock to
be processed supplied fromthe transposition circuit 175 via a signal line

411 to the first LGN CHEFISIHATY Iamfedrasterrs apanade Asfinedhdior dance
29 oo Thi S, S, S LG 2 SR 110 ARS8
5 In order to avoid such tendency, for example, taking
interpolation of the pixels to be interpolated in
FIG. 33 as an example, these pixels are interpolated
using pixels included in an up-sampling reference
range broader than the reference range of linear

10 interpolation.

That is, when pixels are interpolated using those
included in the up-sampling reference range broader
than the reference range of linear interpolation, the
problem of discontinuity can be avoided. On the other

15 hand, if an odd number of pixels like "nine pixels" is
used in interpolation rather than an even number of
pixels like "four pixels", a majority effect can be
obtained and a marked effect of avoiding the
discontinuity can be more obtained in some cases.

20 FIG. 26B shows an example of interpolation using
12 pixels. Using the descriptions of the embodiment
described previously with the aid of FIG. 26A, when pl,
P2, p3, and p4 represent the decoded pixels at certain
positions in a given macro block in a 1/2 down-sampled

25 image, and Ipl, Ip2, Ip3, and Ip4 represent their
values (pixel values), these values Ipl, Ip2, Ip3, and

Ip4 are described by:



89 The encoded information is output via a signal line 412. Note that FIG
22A does not illustrate the signal lines 103 and 105 of signals supplied to
the binary inmage encoder 170 and the signal line fromthe 5

transposition circuit 176. The switching information supplied via the
signal line 413 may be a preset default value, or proper swtching
informati on may be obtained on the basis ofiife i nage contents, nay be
separately encoded as side 10 i nformation, and may be supplied to the
decoding side. Wth this process, optinmal processing can be done on the
basis of the inmge contents, and an appropriate one of aﬁ&%uralit of

encodi ng met hods can B@ksel ddft(dd Tnd &ddh nt dot resisbhdent® Wwith eddh +
application. 15 Simlarly, FI.G 22A is a bl ock diagram of the
bi nary i mage decddert 280 tuddd fi A% Hi I lanBfodi FAT "AS" &6k T that figure,
a pai r ot bi nary | mageRRecoddr@ i kWAt GF (hakD of rii TS 20 18 * the
S & sl ection o Mod thinr e fodtiplt 1aé. BrRGan ndry AHge Hocoder 442 15
a first bi Rary i mge dlepcspd:erlff(chr*l%egodj’*n(g[baq_ iﬁagi_e Id) + Te + If + Ig +
Ih + Ii + Ij + Ik + I1) > 8 then "1" else "0"
Ip4 : If(4*Id + 2*(Ib + Ic + Ia) + Ie + If + Ig +
Ih + Ii + Ij + Ik + I1) > 8 then "1" else "0"
where a is the pixel A, b the pixel B, c¢ the pixel C, d
10 the pixel D, e the pixel E, f the pixel F, g the pixel
G, h the pixel H, i the pixel I, j the pixel J, k the
pixel K, and 1 the pixel L.
On the other hand, a "1/4" size conversion process
may be implemented by repeating the "1/2" size
15 conversion process twice.
An example of a combination with the size
conversion process in units of frames will be described
below as the fifth embodiment.
The technique disclosed in Japanese Patent
20 Application No. 8-237053 by the present inventors
presents an embodiment for realizing rate control by
executing size conversion in units of frames (in
practice, a rectangle area including an object) and an
embodiment for realizing rate control by executing size
25 conversion in units of small areas such as blocks.

Also, the first to third embodiments described above

have presented examples of realizing rate control by



encoded by [nethod 1] above, and the binary inmage 25 decoder 443 is a
second binary i mage decoder for decodi ng an i mage encoded by [ net hod 2]
above. In the binary i mage decoder 280 with the 90 above-nenti oned
arrangenent, the selectors 441 and 444 adaptively distribute encoded binary
| mage i nformation b4 of the macro block to be processed supplied via a

signal line 431 to the first and second binany i mge 5 decoders 442 and
443 in accordance with a switching signal supplied via a signal line 433 so
as to decode that information. The decoded signal is output via a signal
line 432. Note that FIG 22B does not illustrate the signal lines 10

fromthe denultip$%a¢m@#m@r$ize ivemsiten dbt odeit220f moene tpadshbeali on
circuit 285 that supply signals to the binary inmage decoder 280. Note that
t he switching Inf%WQihl%ﬁP%%pplled via-the signal line 433 may be a default
val ue or may be 15 I nformati on sent from an _encoder that obtains the

swi t chi ng i nformation FRobiaH ?Wk%%%%@n%nE%d%% gpscsibednpelow, an

example of using a combination of a size conversion
5 process in units of frames and that in units of small
areas will be described.

FIG. 35 is a view for explaining an alpha-map
encoder of this embodiment. This encoder comprises
down-sampling circuits 530, 521, and 526, binary image

10 encoder 522, up-sampling circuits 523 and 540, motion
estimation/compensation circuit 525, and multiplexers
524 and 550.

In this arrangement, a binary alpha-map image
supplied via an alpha-map signal input line 2 is

15 down-sampled by the down-sampling circuit 530 in units
of frames on the basis of a conversion ratio CR. The
signal down-sampled in units of frames is supplied to
an alpha-map encoder 520 via a signal line 502, and is
encoded after it is divided into small areas.

20 Since the alpha-map encoder 520 is equivalent to
the alpha-map encoder 20 shown in FIG. 12, and the
constituting elements 521 to 526 of the alpha-map
encoder 520 respectively have the same functions as
those of the constituting elements 21 to 26 of the

25 alpha-map encoder 20 shown in FIG. 12, a detailed
description of the alpha-map encoder 520 will be

omitted. Also, since the arrangement of the alpha-map



An exanple of a circuit for attaining size conversion
(up-sanmpling[err]down-sanpling) will be 20 descri bed bel ow. The present
i nvention perfornms rate control by perform ng size conversion in units of
vi deo object planes (VOPs) or in units of blocks (macro blocks). As an

exanpl e of a technique used in that size conversion, 25 "linear
I nterpol ati on" disclosed in Japanese Pat ent 1Agplicati on No. 8-237053 by the
present inventors is known. This technique will be explained bel ow. The

91 linear interpolation wll be described with reference to FIGS. 23A and
23B using reference "Ogam ed.: "Video Processing Handbook", p. 630,
Shokodo". In FI G engadepeR0i showm pnxBIGpos2t ignchtatned by meBeveiBpiy,
and-this Pex indicates a_real nunber pixel position, as shown.in FIG 23A
Ei ght areas are devpseéﬁangytmti%dtgas@apbﬁ-mm ANGPRRE 2P eFAP¥BNERI p

wi th integer pixel 05|t|ons A B C, and D of an_input signal, and a pi xel
value Ip of 10 FIPexlysthetarRahosaerl of bhserlphnrmar| eneeden 220A to D

using | ogi cal expégésﬁgngqggggfeng EBG%h§§%3f the alpha-map encodexr 20

5 shown in FIG. 1.

Encoded information encoded by the alpha-map
encoder 520 is multiplexed with a conversion ratio CRDb
in units of small areas. The conversion ratio CRb is
supplied to the multiplexer 550 via a signal line 503,

10 and is multiplexed with encoded information of a.
conversion ratio CR in units of frames. Then, the
multiplexed signal is output via a signal line 3.

A decoded image of the alpha-map encoder 520 is

supplied to the up-sampling circuit 540 via a signal
15 line 504, and is up-sampled on the basis of the

conversion ratio CR in units of frames. After that,

the up-sampled image is output via a signal line 4.

FIG. 36 is a view for explaining a decoding

apparatus of this embodiment. This alpha-map decoding
20 apparatus comprises demultiplexers 650 and 643, binary

image decoder 641, down-sampling circuit 645, motion

estimation/compensation circuit 644, and up-sampling

circuits 642 and 660.

In this arrangement, encoded information supplied

25 via a signal line 8 is demultiplexed by the

demultiplexer 650 into a conversion ratio CR in units

of frames and encoded information in units of small



Such process is a process called "linear interpolation”, and the pixel
value Ip of Pex can be easily obtained fromthe pixel values la to Id of A
15 to D. Since this linear interpolation process is done using only
four surroundi ng pixels, changes over a broad range are not reflected, and
di scontinuity in the oblique direction readily appears. As an exanple for
20 solving this problem Japanese Patenti1dpplication No. 8-237053
proposes an exanple for performng a snoothing filter process (snoothing
process) after the up-sanpling process. The snoothing process wll be
described in detail 25 below with reference to FIGS. 24A and 24B. FIG
24A shows a bi nardreamge Pie @nepded ninfeinatiemdiF @it Ehenelh dress y
i mage obt ai ned by down-sanpling that 92 image. In FIGS. 24A and 24B, the
obj ect area is intf cEHRRILIFA 1A Ithe ralpha-nan derodpe g buntk ot ealgnral
I ndi cated by ope pirg&e . In this exanple, in order to snooth
i scontinuity 5 1% 48 & iR dRGHRd GHERALI My bR SEhpTTaEL
areas is supplied to the up-sampling circuit 660 via a
5 signal line 609.
Since an alpha-map decoder 640 is equivalent to
the alpha-map decoder 40 shown in FIG. 13, a
description thereof will be omitted. Since the
arrangement of the alpha-map decoder 40 shown in
10 FIG. 13 is obtained by more simply expressing that of
the alpha-map decoder 40 shown in FIG. 2, the
arrangement of the alpha-map decoder 640 may be
equivalent to that of the alpha-map decoder 40 shown in
FIG. 2,
15 The up-sampling circuit 660 up-samples the decoded
signal supplied via the signal line 609 on the basis of
a conversion ratio CR in units of frames, and outputs
the up-sampled signal via a signal line 9.
In this way, in this embodiment, an alpha-map
20 signal is size-converted in units of frames, and is
also size-converted in units of small areas. The
combination of size conversion in units of frames and
that in units of small areas is particularly effective
for encoding at low encoding rate since the need for
25 side information such as conversion ratio information

can be obviated.

A frame memory will be briefly described below.



conversion (up-sanpling[err]down-sanpling conversion), the upper, |ower,

right, and left pixels, i.e., neighboring pixels, of each pixel (open
circle) in the background area are checked, and if these neighboring pixels
10 i nclude two or nore pixels (full circles) in the object area, that

pi xel in the background area is incorporated in the object area. Mire
specifically, when the neighboring pixels oftishe pixel to be inspected as
one pixel in the 15 background area include two or nore pixels (ful
circles) in the object area |like those at the positions indicated by double
circles in FIG 24B, the pixel (i.e., the pixel to be inspected) at each
position indicated by 2hthdeghl roticteéarly shewerrindFIGSe 35fahd 26,

circle pixel, i.e i xel in the object area. If, for exanmple, "1"
represents a ful Ib‘éﬂr’-c\%éep?&‘é@dhmm a ¢%ﬁﬁ%§%t@%r®¥)@$ﬁ%l¥%qlél§¢xel a
process for replagﬁ@g t he pi xel I xel val ue_ " % at  each position

i ndi cated by the F RTPERIS piPh Pheing Aecerdad ipages. Fl@ond? Wth

this process, the_discontinuity in ue directipn cap pe ellnlnated
FIG 25 shows anothS eXanpf FRke ¢ Eﬁﬁéﬂ?ﬁ%@ﬁs [£%4aP0s °8F P

5 Since the present invention uses motion estimation/
compensation, for example, when a frame at time n is to
be encoded, the resolution of the frame at time n-1
must be matched with that (in this case, the conversion
ratio) of the frame at time n. Note that a decoded

10 image is stored in the frame memory in two ways, .i.e.,
at a resolution in units of frames, as shown in FIG. 37
(in this example, a frame at time n is stored at CR =
1/2 ((a) of FIG. 37); a frame at time n is stored at
CR =1 ((c) of FIG. 37)) or at an original resolution

15 (always stored at a conversion ratio CR = 1 irrespec-
tive of time).

In the former case, the frame memory stores a
decoded image at a resolution in units of frames
supplied via the signal line 504 or 609. 1In the latter

20 case, the frame memory stores a decoded image at an
original resolution supplied via the signal line 4 or 9.

Therefore, when the frame memories are explicitly
included in the encoding apparatus shown in FIG. 35 and
decoding apparatus shown in FIG. 36, the former frame

25 memories (indicated by FM1 (for the encoding apparatus)
and FM3 (for the decoding apparatus) are as shown in

FIGS. 38 and 39, and the latter frame memories



93 filter (snmoothing process filter). Let Cin FIG 25 be the central pixel
of a 3 x 3 pixel mask, and TL, TR, BL, and BR be the upper |eft, upper
rioght, lower left, and lower right pixels with respect to C. Then, the 5
foll owi ng equation can yield the filtered value of the pixel C In this
case, "1" represents the object value, and "0" represents the background
value. if (C==0) { 10 if {1§L + TR+ BL + BR > 2) C 1
else C 0 15 else if ((TL + TR+ BL + BR) < 2) C =1: else
20 C O0: Mre specifically, in this filter operation process, if
the pixel Cis "0", it is checked if the sumof the pixels TL, TR BL, and
BR is |larger thar{in2icax®d by FM2t {dogumbhies engogdna lepparztus)handaf¥é of
the pixel Cis set at "1"; otherwise, the pixel Cis set at "0". On the
other hand, if tH&9% tde decoddpg appargtysy are as shown in FIGS. 40

and 41.
More specifically, in the encoding apparatus shown
5 in FIG. 38, information of a conversion ratio CR and
output information of the up-sampling circuit 523
are stored in the frame memory FMl, and the held
information is supplied to the MC (motion estimation/
compensation circuit) 525. In the decoding apparatus
10 shown in FIG. 39, CR information and the output from
the up-sampling circuit 642 are stored in the frame
memory FM3, and the stored output is supplied to the
motion estimation/compensation circuit 644.
On the other hand, in the encoding apparatus shown
15 in FIG. 40, information of a conversion ratio CR and
output information of the up-sampling circuit 540 are
held in the frame memory FM2, and that held information
is supplied to the MC (motion estimation/compensation
circuit) 525. 1In the decoding apparatus shown in
20 FIG. 41, CR information and the output from the
up-sampling circuit 660 are stored in the frame memory
FM3, and the stored output is supplied to the motion
estimation/compensation circuit 644.
FIG. 42A shows the detailed arrangement of the
25 frame memories FM1 and FM3, and FIG. 42B shows the
detailed arrangement of the frame memories FM2 aﬁd FM4 .,

As shown in FIG. 42A, the frame memory FM1l or FM3



94 checked if the sumof the pixels TL, TR, BL, and BRis smaller than "2".
If the sumis snaller than "2", the value of the pixel Cis set at "1%;
otherwi se, the pixel Cis set at "O'. 5 According to this filter
since the value of the pixel Cis corrected in consideration of changes in
pi xel value located in the oblique direction with respect to the target

pi xel C, discontinuity in the oblique directlilén can be elimnated. Note
that the 10 arrangenent of the smoothing filter is not limted to the
above exanple, and a nonlinear filter such as a mediumfilter or the like
may be used. FIG 26A is a view showi ng a process for attaining 2x _
up-sanpling i n botPPRESESr# zBRAEE BEROTE M bafonsholding rept iBageb9Ll i near
interpolation. Ip FIG 26B, the decoded pixel in a down-sanpled block is

i ndicated by an opgh TYTEFRT TTS, "@yS e KCORFR SHOR Nt LF PRl Bt BH2 pf REI i s
0l cated bY, 2, 1 8528l aS1e Cof bk HoRERPANS Pk 2t OlnSht B8
interpolated pixels gh& PPLAL NEthOYy |RPI CAY CXPLESSLOESNSDWNAD
.5 separately input information of a size conversion ratio
CR, and a frame memory ml3 for storing the 6utput
size-converted by the size conversion circuit ml2. On
the other hand, as shown in FIG. 42B, the frame memory
FM2 or FM4 comprises a frame memory m21 for storing an
10 image of the current frame, a down-sampling circuit m22
for down-sampling the image held in the frame memory
m2l in correspondence with separately input information
of a size conversion ratio CR, and a frame memory ml2
for storing the output down-sampled by the down-
15 sampling circuit m22.
The operations in the frame memories with such
arrangements will be described below.
In case of the frame memory FM1 or FM3, a decoded
image having a resolution corresponding to the current
20 frame is supplied in units of frames via the signal
line 504 or 609, and is stored in the frame memory mll
for storing the current frame. The frame memory mll
stores the entire decoded image of the current frame at
the time of completion of encoding of the current frame
25 (e.g., at time n).
At the beginning of encoding of a frame at time

n+l, the size conversion circuit ml2 reads out the



FIG 23B, we have: Ipl =1la, Ip2 =1b, Ip3 =1lc, Ip4 = 1d Hence, since al

the four interpolated pixels 25 around the pi xel A have a pixel val ue
la, 2 x 2 pixels in the up-sanpled i mage have identical values, and
snoot hness i s inpaired. By changing the weighting 95 coefficients of

| i near interpolation as follows, the above problem can be sol ved:
Ipl:if(2*la +Ib +lc +Id >2) then "1" else "@i71p2:if(la +2*Ib +lc +1d >2)
then "1" else "0" 5 Ip3:if(la +lb +2*Ic +1d >2) then "1" el se
"0" Ip4:if(2¥la +lb +lc +2*Id >2) then "1" else "0" where Pi (i =1, 2, 3,
4) is the interpol ated pixel corresponding to the position "x" shown in
FIG 26A, and |pidddoded , ingged, ofd)the fitramepiade|timng ue fhom the "firamg "0")
of the pixel Pi (i =1, 2, 3, 4. A B, C and Dare the pixels in the
down- sanpl ed bl odkemerid nhl, |and |IRerfmang i £Hiee MOPISRE LhIRRAC]FAS t hese
pixels A, B, C, and D._[err]lpl:if(2*la +Ilb +lc +Id >2) then "1" e]se
"0"[err] 15 nEERRC hHakon [OTHSE 1qm) (@ MRt the pidkeIcaprersianet

ratio CR in units of frame for the frame at time n+l.

5 In the example shown in FIGS. 37A to 37D, the size
conversion ratio CR of a frame at time n is “1/2", as
shown in FIG. 37A, and the size conversion ratio CR of
a frame at time n+l as the next frame is "1", as shown
in FIG. 37B. In this case, the size conversion circuit

10 ml2 performs a process for converting the size
conversion ratio CR from "1/2" to "1".

The decoded image at time n resolution-converted
by the size conversion circuit ml2 is stored in the
frame memory ml3 for the previous frame, and is used as

15 a reference image in motion estimation/compensation for
the frame at time n+1.

In case of the frame memory FM2 or FM4, a decoded
image having an original resolution (CR = 1) is
supplied to the frame memory via the signal line 4 or 9,

20 and is stored in the frame memory m21 for the current
frame. The frame memory m21 stores the entire decoded
image of the current frame at the time of completion of
encoding of the current frame (e.g., at time n).

At the beginning of encoding of a frame at time

25 n+l, the down-sampling circuit m22 reads out the
decoded image of the frame at time n from the frame

memory m21, and performs down-sampling (resolution



at "1" if the sumof the doubled value of la, and Ib, Ic, and Id is larger
than 2; otherwise, it is set at "0", [err]lp2:if(la +2*1b +lc +Id >2) then
"1" else "0"[err] 20 nmeans that the pixel value Ip2 of the pixel Ip2is
set at "1" if the sumof the doubled value of Ib, and la, Ic, and Id is

| arger than 2; otherwise, it is set at "0", [err]p3:if(la +Ib +2*1c +ld >2)

then "1" else "0"[err] 25 means that thgygi xel value |p3 of the pixel
Ip3 is set at "1" if the sumof the doubled value of Ic, and la, Ib, and Id
is larger than 2; otherwise, it is set at 96 "0", and [err]lp4d:if(la +Ib

+lc +2*1d >2) then "1" else "0"[err] means that the pixel value Ip4 of the
pi xel 1p4 is set canversioh)t ke satchf thee sdaeblcehvealsieorofrattdo &®d ima, 5
Ib,, and Ic is larger than 2; otherwise, it is set at "0 " Not.e that 4x
up-sanpling in baomnitshethdriamest £oratdey dremealatditdiaet indds can be att ai ned
by repeating the above-nenti oned process tw ce.
Since the decoded image stored in the frame memory
m21l always has a size conversion ratio CR = 1, and the
5 size conversion ratio CR at time n+l is "1" in the
example shown in FIGS. 37A to 37D, the down-sampling
circuit m22 does not perform any resolution conversion
process in this case. In the example shown in
FIGS. 37A to 37D, when the current frame is that at
10 time n+1, since the resoiution of a frame at time n+2
is "1/2", the down-sampling circuit m22 performs a
resolution conversion process for converting the size
conversion ratio CR from "1" to "1/2".
The decoded image of the frame at time n, which is
15 resolution-converted by the down-sampling circuit m22
is stored in the frame memory m33 for the previous
frame, and is used as a reference image in motion
estimation/compensation of a frame at time n+l.
The detailed arrangements and operations of the
20 frame memories FM1l, FM2, FM3, and FM4 have been
described. The frame memories FM1 and FM3 are
characterized in that they store decoded images having
resolutions in units of frames supplied via the signal
lines 504 and 609, and the frame memories FM2 and FM4
25 are characterized in that they store decoded images

having resolutions in units of frames supplied via the

signal lines 4 and 9. For this reason, these memories



10 - In the above exanple, the up-sanpling process is done by
arithnetic operations. However, the up-sanpling process may be done w t hout
using any arithmetic operations. Such exanple will be described bel ow. 15
In this exanple, a table is prepared and held in a nenory, and pixels are
uni quely replaced in accordance with that table. A detailed explanation
w |l be given. For exanple, assune that theipenory address is defined by 4

bits, 20 and I pl, I1p2, Ip3, and I p4 obtained in correspondence with the
patterns of la, Ib, Ic, and td are recorded in advance at addresses
obtained by arranging la, Ib, Ic, and Id, as in the follow ng table. 97
la Ib Ic mgy higyle variipns othe3 arrhpgepents.0 0 0O O

0o - 0 00 0 0 1 0 0 0 .00 0

1 0 0 0 An exagpple of @ method of engpdingymode 1 1

0 0 0 . 0 0 1 0 0 .0 0o . 0 00

1 0 1 infgrmation of a macro blpck will be described below as

the sixth embodiment. A method proposed by Japanese

5 Patent Application No. 8-237053 will first be explained.

FIGS. 43A and 43B show an example of mode

information of macro blocks at times n and n-1. Note
that the mode information is information indicating the
contents of each macro block such as "transparent" (all

10 the constituting pixels in that macro block are
transparent), "opaque" (all the constituting pixels in
that macro block are opaque), and "Multi" (the
constituting pixels in that macro block are partly
transparent and partly opaque).

15 For example, "transparent" is labeled by code "0",
"opaque" is labeled by code "3", and "Multi" is labeled
by code "1".

When a tightest rectangle area including an object

portion in a frame is considered, and is set so that

20 its upper right position contacts the boundary portion
of the area, the distribution (label distribution) of
mode information of macro blocks included in the set
rectangle area becomes as shown in, e.g., FIGS. 43A
and 43B.

25 As can be seen from the distribution examples of
the constituting pixel mode information of the macro

blocks for the frames at times n and n-1 shown in



0 1 1 0 0 1 1 00 1 1 1

1 1 1 10 1 0 0 0 0 0 0
01 0 0 0 0 0 0 11 0 1 0

1 0 1 01 0 1 1 1 1 1 11
1 0 0 1 1 1 115 1 1 0

1 1 1 1 11 1 120 0 1 1 1
11 1 1 1 1 1 1 1 This exanpl e represents

the table that can uniquely determine Ipl, Ip2, I1p3, and Ip4 if the 20
conbi nation of the contents of la, Ib, Ic, and Id is determ ned, in such a
manner that if "IELGS.b,43% andd"43d,e diphadmaps For "dempongddy lgs8jadgmt’ are

"0, 0, 0, 0"; if "la, Ib, Ic, 1d" are "0, O, 0O, 1", "Ipl, Ip2, Ip3, I|p4a"
are "0, 0, 0, O":fyames qavieh veny sidilare labelzsllstrlb@ltlpnm" "Ipl, |p2,
| p3, Ip4" are "0, 0, 1, 1"; if "la, Ib, Ic, Id" are "0, 1, 1", "lpl,

|p2. 1p3, Ip4" are "0,Thergfore, iy sych qabserl Singe e l"{?ells havey:
98 “Ipl, 1p2, lp%lgﬂacorréiatloﬂlbé%wégg t e f;ames, the encoding
5 efficiency can be greatly improved by encbding labels
of the current frame using those of the already encoded
frame.
In general, the video object plane (a tightest
rectangle area mainly including an object portion, e.qg.,
10 the video object plane CA .shown in FIG. 34A) in the
frame at time n may have a size different from that in
the frame at time n-1. In this case, for example, the
video object plane size in the frame at time n-1 is
adjusted to that in the frame at time n in the
15 procedure shown in FIGS. 44A and 44B. For example,
when the video object plane size in the frame at time n
is longer by one row and is shorter by one column than
that in the frame at time n-1, the rightmost macro
block array for one column of the video object plane
20 with a smaller number of rows in the frame at time n-1
is cut, as shown in FIG. 44A, and thereafter, the
lowermost macro block array for one row is copied to
the bottom of the video object plane to add one row.
This state is shown in FIG. 45B.
25 When the video object plane size in the frame at

time n-1 is shorter by one column and longer by one row

than that in the frame at time n, the lowermost macro



When such table is set and held in the nenory so that the contents of Ia,
Ib, Ic, and Id represent an address, and data stored at that address are
l.pl, Ip2, 5 | p3, and I p4, the address defined by la, Ib, Ic, and Id is
input to the nenory to read out the corresponding Ipl, Ip2, Ip3, and | p4,
t hus obtaining an interpol ated val ue upon executing an interpolation
process. Note that the arrangenent of la, Ifgilc, and Id defines a 10

bi nary nunber, and if a numerical value obtained by converting this binary
nunber into a decimal nunber is called a context, this scheme can be an
enbodi nent for obtaining the interpol ated values Ipl, I1p2, |1p3, and | p4
usi ng a context ddbichkedrimayl £o0xl bnel cowana ltthe ¥3deo object Kdtamet Hast t he
context is given by: Context = 2*2*2*la + 2*2*Ib + 2*Ic + Id In the

above- menti oned &xidnplaadotthereadteane ther rdlghimeisitg mag rionbdiosd arady dinue
using a context, the nunber of pixels to be referred to is four. However,
20 thi s schef®aits vigeo| phiieed PdangchsspFOPirde tRuiitsr neAghbeaiag and
may be inplenmented uysing any nunbers of pixels such as 12 pixels, as wll

be described bel BRS1ALFotCt REY PEUECIMPhe decoded pi xel s and
i ne i xel 3 bounded by oo HOPESRY HranGse e Ut HERS o 1A5E ¢ obtai n
a context (=0 t%i%££)are adjusted in this way. Note that the size
adjustment method is not limited to the above-mentioned
specific method. The labels in the frame at time n-1,
whose size is finally adjusted to that in the frame at
10 time n, as shown in FIG..44B, will be referred to as
those at time n-1’ for the purpose of convenience, and
will be used in the following description.
FIG. 46A shows the differences between mode
information of the above-mentioned macro blocks at
15 times n and n-1’, i.e., the differences between labels
at identical macro block positions.
In FIG. 46A, "S" indicates "labels match", and "D"
indicates "labels do not match".
On the other hand, FIG. 46B shows the differences
20 ~ Dbetween labels at neighborinq pixel positions in mode
information of the above-mentioned macro blocks at time
n. In this case, for a label at the left end position,
the difference from a label at the right end pixel
position in one line above is calculated, and for a
25 label at the upper left end pixel position, the
difference from "0" is calculated. FIG. 46A will be

referred to as inter frame coding, and FIG. 46B will be



for an interpolated pixel Pl1, as shown in FIG 27A, and 99 the val ue of
the interpolated pixel Pl is determned to be "0" or "1" depending on the
obtai ned context. For interpolated pixels P2, P3, and P4, pixels bounded by
the dotted lines in FIGS. 27B, 27C, and 27D 5 are respectively used as
decoded pixels in corre- spondence with the positional relationship between
their interpolated position and four nost nai2ghbori ng decoded pi xel s that
surround the position. In this case, when decoded pixels Ato | are set 10
to have identical positions relative to the inter- polated pixel P (for
exanple, FIG 27B has a | ayout obtained by rotating FIG 27A 90[err]

cl ockwi se), if theetlervadddtpixel snbowefpame ecodinyt béneinbftent vk nghan

i dentical pixel pattern, they yield an identical 15 condext. Hence,

i nt er pol at ed pi xeP¥rPase ooPiceryventenee renory havi ng conmon contents. An
exanpl e of up-sanpling a 4 x 4 macro block to 16 x 16 pixels will be
expl ai ned bel ow. When &S4cansbagpseenpfser FIGHp- 4aAphad #6B20sinceighg 16

' X 4 size macro block MB is up:
pixels, a 4 number og "S"s in interpframe coding is larger than

5 that in intra frame coding, and inter frame.coding can
provide more accurate prediction results, the number of
encoded bits can be reduced.

When the correlation between adjacent frames is
very small, the encoding efficiency of inter frame
10 coding may become lower than that in intra frame .coding.
In this case, whether intra or inter frame coding is
done is switched using a 1-bit code, and the intra
frame coding is selected. Of course, since the first
frame to be encoded has no labels to be referred to, it
15 is subjected to intra frame coding. 1In this case,
there is no code for switching inter/intra frame coding.
An example for switching some prediction methods
will be described in more detail below.
In the above-mentioned example, when the
20 correlation between adjacent frames is small, intra
frame coding is done. However, intra frame coding is
also effective, for example, when the present invention
is used in video transmission or the like, and
transmission errors pose a problem.
25 For example, when transmission errors have been
produced and the previous frame cannot be normally

decoded, if inter frame coding is used, the current



sanpled to an 8 x 8 size, and the 8 x 8 size macro block MB is then
up-sanpled to a 16 x 16 size macro block MB. FIG 28A shows external
decoded pixels (to be referred to as borders hereinafter) AT and AL used 25
when the 4 x 4 size macro block MBis up-sanpled to an 8 x 8 size, and FIG
28B shows borders BT and BL used when the 8 x 8 size macro block is

up- sanpl ed. 100 The borders AT have a 2 ypv x 8 colum | ayout, borders
AL a 4 row x 2 columm | ayout, borders BT a 2 row x 12 colum | ayout, and
borders BL an 8 row x 2 colum |ayout. 5 The val ues of these

borders nust be obtained as an average val ue of pixels at predeterm ned
posi tions in the falameadpnaetoied noamead 1yl dekodesl ,wielilt higer .de domietyed b&lfow
with reference to FIG 29. However, the binary inmage encoder 170 and binary
i mage decoder 280ntakefreme]godingt He -weeder $haT caxgent dFemeeseddibey in a
4 x 4 pixel size, and when they refer to the borders BT and BL upon
encodi ng i n an 8nergadilyedespgded .t he val ues of the borders AT and AL may be

converted to obviate the need for border cal culation only for up-sanpling.
Even intra frame coding 1s weak agdinst

5 transmission errors if it refers to many maqro blocks.
That is, when the number of macro blocks to be referred
to is increased, the number of encoded bits can be
reduced. However, as the number of macro blocks to be
referred to is increased, it is likely to refer to

10 macro blocks including transmission errors, and the
errors included in the referred macro blocks are
fetched and reflected in the process result. Hence,
such intra frame coding is weak against transmission
errors. Conversely, when the number of macro blocks to

15 be referred to is decreased, the number of encoded bit
is increased but the intra frame coding becomes robust
against transmission errors for the above-mentioned
reasons.

In such situation, a means which is robust against

20 transmission errors and can reduce the number of
encoded bits is required. Such means is realized as
follows.

For example, to attain coding which is robust
against transmission errors and can reduce the number

25 of encoded bits, it is effective to prepare some
prediction modes and to selectively use these methods.

The prediction modes include, for example:



15 In this case, if the average values of the borders BT and BL
are not cal cul ated but are obtained fromthe borders AT and AL by the
foll owi ng process described in C |anguage as a computer programmi ng

| anguage, the average val ue operation can be onmtted although the 20

results are slightly different fromaverage values: BT[0][0] = AT[O][O]
BT[O][1] = AT[O][1] BT[I][O] = AT(I1][0] BT[1341] = AT[1][1] 25

BT[ 0] [ 10] AT[0][6] BT[O[11) AT[0][6] BT[1][10] = AT[1]][#6] 101
BT[1][11] = AT[1][7] for (j=0 ;j<2 ;j++ ) for (1=0;j<8 ;j++ BT[j][i+2] =
AT[j][i/2+2]; 5 BT[i][j] = AT[i/2][j] The above-nenti oned

process generates BT g&d BlInkeraddiameoc@idiypgpmodessi ng pi xel s repetitively
usi-ng AT and AL val ues in such a manner that, for exanple, a pixel plin
FIGS. 28A and 28B i s d&)i edntaapifreme g@ding mode

(C) Intra video packet coding mode
(D) No prediction mode
5 Note that the "video packet" is an area obtained
by subdividing the rectangle area of an object, i.e.,
an area obtained by dividing the rectangle video object
plane CA in units of a predetermined number of macro
blocks, as described above. For example, the video
10 object plane is divided so that the individual wvideo
packets have the same number of encoded bits or a
predetermined number of macro blocks form a video
packet.

In the "intra video packet coding mode", even when

15 a reference block (which is the macro block to be
referred to and is a macro block that neighbors the own
macro block) is located within the frame, if it is
located outside the "video packet", that block is not
referred to, and for example, a predetermined label is

20 used as a prediction wvalue.

With this process, even when transmission errors
have been produced in the frame, if they are located
outside the "video packet", that "video packet" can be
normally decoded.

25 In the no prediction mode, a label of each macro
block is encoded without referring to any other macro

blocks, and this mode is most robust against errors.



10 and p3, and a pixel p4 is copied to pixels p5 and p6. Note that "[]

[]" in Cprogramindicates an array, and a nuneral in [] is a decinal
nunber. The detail ed schenme of the up-sanpling process have been descri bed.
The detail ed schene of the 15 down-sanpling process will be explai ned

below. FIG 30 shows an exanple of the down-sanpling process for
down-sanpling a block (macro block) to a "14125 size in both the vertica
and horizontal directions. In this exanple, assuming that the area in 20
each dotted |line windowis a unit down-sanpling block area, the average
value of 2 x 2 pixels (a total of four pixels indicated by "O'" in each
dotted |ine wi ndow) i rsudte pinirtaldidwn-csfandil fi ffreyditociodeseans peephead a pi xel

value in that unit down-sanpling bl ock area. 25 More specifically, when
a macro bl ock is atslvars apiiowlt ene "iF selscted mnsbtusadeverti cal and
hori zontal directions, the average value of 4 x 4 pixels is 102 obt ai ned

in units of unit CREHESRORSISINE BIIGeK thce L emmanay Qfs&ifr%’sa pi%& value in

that unit down-sanpling block are
gaitcﬁ%ng may beiéone in units of "video packets",

5 frames, or sequences. Information indicating the
coding mode used is sent from the encoder to the
decoder.

As another mode, a method of switching encoding
tables in accordance with the position of the area to

10 be encoded within the.fréme.is also available.

As a general tendency of an image, for example, as
shown in FIG. 18, an object is likely to be present at
the central portion of the frame, and is likely to be
absent at the end of the frame.

15 In consideration of such tendency, a table in
which a short code is assigned to "transparent" is used
for macro blocks that contact the end of the frame, and
a table in which a short code is assigned to "opaque"
is used for other macro blocks, thus reducing the

20 number of encoded bits without using any prediction.
This is the no prediction mode.

More simply, a method of preparing a plurality of
encoding tables and selectively using these tables may
also be used. Switching information of such tables is

25 encoded in units of, e.g., "video packets", frames, or
sequences.

FIGS. 47A and 47B are block diagrams showing the



Assum ng a given unit down-sanpling block area 5 I ncl udi ng pixels A B,
C, and D, as shown in FIG 31, upon determning the value of this unit
dewn- sanpl i ng bl ock area by cal culating the value of a pixel X in the unit
down-sanpling block area, pixels E, F, G H I, J, K, L, M N 0, and P in
a broader range may al so be 10 used, and the average val ue of these
pixels Ato P may be calculated in place of jog cul ating the average val ue
of the pixels Ato D. That is, of pixels in neighboring unit down-sanpling
bl ock areas, those that nei ghbor the pixels Ato D are also used in

cal culating 15 t he average val ue, and the average val ue of these pixels
i s adopted. |In thsyabemeadeangepeéhdnoft hriavembgdimahtiethétt banexi sting

pi xel values is determ ned to be the pixel value of the unit down-sanpling
bl ock area to decimpiem@ft thetakovenbentdbneidxprecenssehat Thet flow of
down-sanpling bl ock area, thereby down-sanpling a nacro block. Al'so, a
macr o bl ock nay behgopmogagpeedvbyl abaeerphainedt hehavngiphoressraneqotie
requiring such cal culatjons, This exanple will be explained below. A closed
25 process wi ERPACaPHBERoIbRBERMG: || first be explained. FIG 32 shows

an exampl e of the downsgagpling process.by MEaN ;o A6KS! ab} QRh"gsaore
portions bounded by broken lines are associated with
this embodiment that can implement the above-mentioned
processes. FIG. 47A shows an alpha-map encoding
apparatus, which comprises an object area detection
10 circuit 310, block forming circuit 311, labeling.
circuit 312, block encoder 313, label memory 314, size
changing circuit 315, label encoder 316, and
multiplexer (MUX) 317.
Of these circuits, the object area detection
15 circuit 310 detects a rectangle area corresponding to a
portion including an object in an input alpha-map
signal on the basis of that alpha-map signal, and
outputs the alpha-map signal of that rectangle area
together with information associated with the size of
20 the rectangle area. The block forming circuit 311 is a
circuit for dividing the alpha-map signal of this
rectangle area into macro blocks. The labeling circuit
312 is a circuit for determining the modes (transparent
(transparent pixels alone), Multi (both transparent and
25 opaque pixels), and opaque (opaque pixels alone) of the
alpha-map signal contents in units of macro blocks of

the alpha-map signal, and assigning labels ("0", "1",



103 FIG 32 shows the state wherein a macro block MB consisting of 16 x

16. pi xel s i s down-sanpl ed by neans of pixel thinning to a bl ock consisting
of 8 x 8 pixels. That is, the pixels indicated by dotted open circles in 5
FIG 32 are thinned pixels, and the pixels indicated by solid open circles

becone pi xel values of unit down-sanpling block areas ("x" in FIG 32). 1In
this case, the conversion ratio (CR) indicaijgg the ratio of pixels to be
t hi nned. Note that the pixel thinning 10 nmethod is not limted to the

nmet hod described with the aid of FIG 32. For exanple, pixels my be
thinned in a 5-spot face pattern of one of dice. In this case, an
up-sanpl i ng processl Cd@'r)esyworness fomd imtae ryoo [tdte amodeds .t hi nned pi xel s. The
detail ed nmet hods of various 15 down- sanpl i ng processes have been

expl ai ned. An up-sanfhengplmakcerraddt I3 ebelaniqiant e ofier RMGOBNS WS
an up-sanpling process. In FIG 33, a solid rectangular w ndow i ndi cates a
macro bl ock, and aéé&?@'ﬁ@lhrségﬂﬁﬂpdﬂ o AR G id @xCdd NV idet ttde Wiastfowel tip

i ndicates a unit domm sanpl ing block area. . An open circle in each unit
down- sanpl i ng bl d@P%r ed’ re(&”gs‘elﬂ Fheodébedi memoryh @ Idhd sn enEMY pi xel s

'S |ncreas%g by for storing label information supplied from.the
labeling circuit 312, and size information of the area
supplied from the object area detection circuit 310 via
a label memory output line 302, and supplying both the
stored label information and size information to the

10 size changing circuit 315.

The size changing circuit 315 is a circuit for
changing label information at time n-1 to a size at
time n on the basis of the label information and size
information for a frame at time n-1, which are supplied

15 from the label memory 314, and the size information for
a frame at time n, which is supplied from the object
area detection circuit 310. The label encoder 316 is a
circuit for encoding the label information supplied
from the labeling circuit 312 using the size-changed

20 label information as a prediction value.

The multiplexer 317 is a circuit for multiplexing
encoded information obtained by the label encoder 316,
encoded information supplied from the block encoder 313,
and size information supplied from the object area

25 detection circuit 310, and outputting the multiplexed
information.

In the encoding apparatus with the above-mentioned



I nterpol ation to up-sanple the macro bl ock. The interpol ated pixels are

I ndi cated by "x", and after 25 I nterpolation, a pixel indicated by "O
becomes an unnecessary pixel. Upon interpolating pixels in the boundary
portion 104 of a macro bl ock, pixel values outside the nmacro bl ock are
required. In this case, as indicated by arrows in FIG 32, nost nei ghboring
pi xel s in the macro bl ock can be assigned. b28 More specifically,
when pixel interpolation in a given unit down-sanpling block area is to be
done, a total of nine pixel values, i.e., its own pixel value and those of

ei ght surroundi ng bl ocks as nei ghboring unit down-sanpling block areas, are
required in the Brrangemesdesén aipharsep wiamalhsuppliiegowias @ansignglol ock
area in the macro block is located in the boundary portion of.the macro

bl ock, since somdigfe &0ghtissupRlhidichgbtdek SPECEn@ed AfthEsdriaacr o

bl ock, pixel values outside the macro block to which _that 15, .

down- sanpl i ng bl &aCHda P oMddhudetsstiyd mestandiausede IipalpdinGse,

as indicated by %H“@%%éé% ?f%m:%%at alpha-map signal. Information

5 assoclated with the size of the detected feqtangle area
is output via a signal line 302, and the alpha-map
signal within the detected area is supplied to the
block forming circuit 311.

The block forming circuit 311 divides the
10 alpha-map signal with the area into macro blocks. The
alpha-map signal divided into macro blocks is supplied
to the labeling circuit 312 and block encoder 313.
The labeling circuit 3120 determines the modes
("transparent", "Multi", "opaque") in units of macro
i5 blocks, and assigns labels ("0", "1", "3") corre-
sponding to the modes. The assigned label information
is supplied to the block encoder 313, label memory 314,
and label encoder 316.
The block encoder 313 encodes the alpha-map signal
20 in a macro block when its label is “1" (Multi), and the
encoded information is supplied to the multiplexer 317.
The label memory 314 stores the label information
supplied from the labeling circuit 312 and the size
information of the area via the label memory output
25 line 302, and supplies both the label information and
size information to the size changing circuit 315 via a

label memory output line 303.



t he pi xel values of pixels closest to those in the macro bl ock to which

t hat down-sanpling bl ock area bel ongs are assigned to surroundi ng bl ocks,
and can be 20 tenporarily used as the pixel values in the neighboring
unit down-sanpling block areas required in the process of the pixel values.
Note that the size conversion process in units of macro bl ocks need not be

cl osed within each macro bl ock, 25 but sy use decoded val ues (pi xel
values in left, upper, upper left, and upper right neighboring bl ocks) near
t he bl ock, as shown in FIG 29. 105 This will be explained in detai

below. In FIG 29, a solid rectangular w ndow i ndi cates a given bl ock
(macro bl ock), and "x'Thearkize mtiag@tiegpiodsdcuiiaf 35 ighegeydssttdredaricce of
magni fi cati on i nage) when 5 the magnification is | x. The nacro
bl ock' i s nornal | yaimede imfogiatdon 868 piixel o~ 1\Wken aa sfizemeorges@omddéaged t o
1/2, the block is made up of 8 x 8 pixels, and an image for 2 x 2 pixels in
the 16 x 16 pi xeltbtdek iaf &ipeedsed Hheok@siisxOf thee liabgde imgormatipn
Pixels in 10 o S et ioa 397 drame TH time A-1, whith are
5 supplied via the label memory output line'3Q3, and the
size information at time n supplied via the signal line
302, and supplies the size-changed label information to
the label encoder 316.
The label encoder 316 encodes label information
10 supplied form the labelihg circuit 312 using the .label
information supplied from the size changing circuit 315
as a prediction value, and supplies the encoded
information to the multiplexer 317. The multiplexer
317 multiplexes the encoded information supplied from
15 the block encoder 313, label encoder 313, and label
encoder 316, and the size information supplied via the
label memory output line 302, and outpufs the
multiplexed information via a signal line 304.
The arrangement and operation of the encoding
20 apparatus have been described. The arrangement and
operation of a decoding apparatus will be explained
below.
The alpha-map decoding apparatus shown in FIG. 47B
comprises a demultiplexer (DMUX) 320, label decoder 321,
25 size changing circuit 322, label memory 323, and block

decoder 324.

Of these circuits, the demultiplexer 320 is a



expression information of a representative point in the one-pixel
expression format. Each w ndow bounded by dotted |ines corresponds to a
unit down-sanpling block area, i.e., a 4-pixel (2 x 2) area in a standard
15 magni fication image. 1In case of 1/2 down-sanpling, this dotted

w ndow area i s expressed by one pixel. Wien a 1/2 down-sanpled inmge is
restored to an original imge size (i.e., iB30estored to a standard
magni fi cation inmage), each 1-pixel area of the 1/2 20 down- sanpl ed
image is restored to a 4-pixel area. This process is done by interpolation
as follows in place of the closed process within the macro bl ock. For
exanpl e, in FIG c2¥cuddsfiver deaulpiiprdlexingamgicded dndiorawtuignt supplied

down-sanpling bl ock area (dotted 25 wi ndow area) of a certain macro
bl ock are decodedidy & Stiangd| ddinen 30&. t Fhe ilpbeds derods & Chivealit
information indicated by a "O' park exists. . Hence, . 106 si nce coded

pi xel s present afGingssioRdry 13R%d IEETBRYIRNeAfoltdTEd PaE 1Fi%elPS & 4, 5,
o0 Sy, |00 PRGN 8,00 LI WISl Such B0 Hik
5 the size changing circuit 322 and is obtaingd by
changing the size of label information at time n-1.
The size changing circuit 322 is a circuit having
the same function as that of the size changing circuit
315, i.e., a circuit for changing the size of label
10 information for a frame at time n-1 to a size
corresponding to that at time n on the basis of label
information and size information for the frame at time
n-1, which are supplied from the label memory 323, and
the size information for the frame at time n, which is
15 demultiplexed by and supplied from the demultiplexer
320. The label memory 323 is a circuit having the same
function as that of the label memory 314, i.e., a
circuit for storing label information decoded by and
supplied from the label decoder 321 and the size -
20 information of the area supplied from the demultiplexer
320, and supplying both the stored label information
and size information to the size changing circuit 322.
The block decoder 324 decodes an alpha-map signal
in units of blocks in accordance with the decoded label
25 information supplied from the label decoder 321.
The operation of the decoding apparatus with the

above arrangement will be described below.



5 a nei ghboring bl ock (neighboring macro bl ock), and are those before
up-sanpling (pixels of a 1/2 down-sanpled inage). In addition, since the
nei ghboring block is |located at a position to be processed before the nmacro
bl ock of interest, after up-sanpling of this macro 10 bl ock, data of
"pi xel 3" and "pixel 4" may be al ready discarded to save nenory resources
since they are unnecessary ones at the tineipf the process of the macro
bl ock of interest. In such system as one nethod of determning the 15
val ue of, for exanple, "pixel 3", the average value of pixels 7, 8, 9, and
10 as nei ghboring coded pi xels that have al ready been interpolated in that
macro bl ock may be callhd stesuhltdpd axer B2 Uuseduds ithexes wnasgfdedi xel 3"
that has al ready been di scarded. \When the 20 cal cul ati ons. for qbtaining
the average val uéngeaemegipa supplisdeyia ﬁélea@éaa@el \la-lf’t?e:”@fsrpl%l@sand
10, near pixels 1 ang]ﬁg to b I nterpal ated, of at of _four xels 7, 8,
o

9, and 10, may bé& e%&ﬂuéngPrmﬁF%QP 3o bH§§kaHﬁ§ Theen
alscarded. 20 33 and Do BERGREE 10, B ST s B
near by plxgl Val&%fb%m%% 55an% a signal line 306. The label decoder
321 decodes label information for a frame at time n
using, as a prediction value, information which is
supplied from the size changing circuit 322 and is
obtained by changing the size of label information for

10 a frame at time n-1.

The decoded label information is supplied to the
block decoder 324 and label memory 323. The block
decoder 324 decodes an alpha-map signal in units of
blocks in accordance with the decoded label information

15 supplied from the label decoder 321. Note that the
size changing circuit 322 and label memory 323
respectively perform the same operations as those of
the size changing circuit 315 and label memory 314, and
a detailed description thereof will be omitted.

20 The examples of the encoding and decoding
apparatuses which assign labels to an alpha-map divided
in units of macro blocks, and encode the labels of
macro blocks of the current frame using the labels of
macro blocks in the already encoded frame have been

25 described. Macro blocks of alpha-maps for temporally
adjacent frames are assigned very similar labels.

Hence, in such case, since label correlation is high



107 used. In a simlar case, upon interpolating "pixel 11", the average
val ue of pixels 14 and 15 is used instead of "pixel 12", pixel 16 is used
i nstead of "pixel 13", and pixel 17 is used instead of pixel 18. 5
Since a frane inmage Pf is nornmally encoded by dividing a tightest rectangle
range mai nly including an object portion, e.g., a video object plane CA
shown in FIG 34A, into blocks (macro blocks2 |eft, upper, upper left, and
upper right nei ghboring blocks of a 10 gi ven bl ock |l ocated in the
boundary portion of the video object plane may often be | ocated outside the
vi deo object plane CA In this case, even when decoded pixel values (val ues
of decoded pi xel bptween ifhrembbockher éabedd, odsths currenswhriameFpge 29, if
t hese pi xel values belong to a macro bl ock | ocated outside the video object
pl ane CA these eacoded Bsingethoapued hhe adrepdveeneeded, fEamerh&higl ues
of pixels closest to those in the own macro block may be tenporarily
assi gned to that 95P8ERYaARPEOVing fhegengediRawRifACERPBCY33. Furt her nore,
upon exchangi ng dat a via&ggtnansnission pat h_that, may be inf|uenced by

S

errors, the encoding pgro inyegtion @FoSBGMWPERPK 2%imi HG hi s

5 (variable-length coding) tables are switched with
reference to one neighboring block (one macro block) in
a frame or between frames. In this case, the VLC table
is switched with reference to the "neighboring block
between frames" if inter frame correlation is high; or

10 with reference to the "neighboring block in a frame" if
inter frame correlation is low. However, in practical
applications, both inter and intra frame correlations
are often preferably used.

Let "M(h, v, t)" (h, v, and t répresent the

15 coordinate axes in the horizontal, vertical, and time
directions) be the mode at a certain pixel position.
In this case, assume that, for example, a VLC table is
selected with reference to *M(x-1, y, n)", "M(x, y-1,
n)", and "M(x, y, n-1)" upon encoding a mode "M(x, Y,

20 n)". When the number of modes is three as in FIGS. 43A
and 43B, if the number of reference blocks is three
blocks (three macro blocks), the number of VLC tables
is 33 (= 27). On the other hand, the number of
reference blocks may be set to be larger than three

25 (for example, "M(x-1, y-1, n)", "M(x, y, n-2)").

In this case, since not only the number of VLC

tables increases, but also inter block correlation with



will be called a "video packet") smaller than the video 25 obj ect pl ane
CAto avoid the influences of errors. Wth this process, the influences of
errors can be blocked by this "video packet”, and an inage is hardly 108
i nfl uenced by errors. Note that the "video packet" indicates each area
denoted by synbol Un and bounded by dotted lines in FIG 34B. The "video
packet"” is a small area obtained by dividingihe video object plane 5

CA, but is also nade up of a plurality of nmacro bl ocks. In case of this

met hod, since the encoding process is closed within the "video packet",
even if data used in a given "video packet" include those suffering
transm ssi on erronswlyhaslidedr refedenhacabédocé&bedpatriso &dcodingnd processed
within that "video packet" al one, and nei ghboring "video packets" never
refer to and proceédiediencyddpes nhis impzbivei mych prvevess mwbehaodmberwifch
transm ssion errors hardly propagate. In this case as well, when decoded

pi xel values 15 refgzgncenhblpFbekiar éngzedaseds sHenge naFtGade9ofd| osest

pi xel values within that nacro bl ock are assi%ned, as shown in FIG 383,
Wit hout referringPP§WERE §BEopwmber of VLC tables and encoding

5 efficiency must be considered.

An embodiment of another method of encoding mode
information of blocks will be explained below.

In the following description, a method of encoding
mode information of blocks using labels of the previous

10 frames in prediction wili be explained.

FIG. 48 is a block diagram of an encoder according
to one embodiment of the present invention. As shown
in FIG. 48, this encoder comprises an object area
detection circuit 702, block forming circuit 704,

15 labeling circuit 706, label encoder 708, label memory
709, reference block determination circuit 710, and
prediction circuit 712.

Of these circuits, the object area detection
circuit 702 is a circuit for setting, as a video object

20 plane, an area, which includes an object and is
expressed by a multiple of a block size, on the basis
of an alpha-map signal 701, and extracting an alpha-map
signal 703 of the set video object plane. The block
forming circuit 704 divides (forms into blocks) the

25 extracted alpha-map signal 703 into 16 x 16 pixel
blocks (macro blocks) and outputs the divided blocks.

The labeling circuit 706 assigns predetermined labels



pi xel values of a macro block that belongs to a video packet other than the
"video packet"™ which includes 20 t hat bl ock. "Whether or not val ues
outside a nmacro bl ock or video packet are to be referred to", described
above, may be switched based on a switching bit prepared in a code, thus

coping with various situations such as the 25 transm ssion error
frequency, allowable cal culation volune, nepg4y capacity, and the like. In
t he above-nentioned linear interpolation, a 109 process is done using

four surrounding pixels alone. For this reason, discontinuity especially in
the oblique direction is produced in an inage defined by decoded pixels,
and vi sual det er itor @an alphertep eignaldr 705 divildedodddo tdamks dnsuch
tendency, for exanple, taking interpolation of the pixels to be

i nterpol ated in RicGord@ngs amtdxade aatilvesd piheclobigscd ilmcdusisidat @ndusi ng
pi xel s included in an up-sanpling reference ranq? broader than the

ref erence range GutPU#AsSathepassignededgbredsi a5 Iapel iafommatignd % -are

i nt er pol at ed usi ng t hose
P 9 The label encoder 708 encodes the label

5 information 707 while switching encoding tables in
accordance with an input prediction value 714, and
outputs encoded information. The label memory 709
stores the label information 707 assigned by the
labeling circuit 706 in units of blocks. The reference

10 block determination circuit 710 executes a process for
determining, as a reference block 711, a block which is
located at the same position in the previous frame as
the block to be encoded. The prediction circuit 712
predicts a label at the position of the reference block

15 711 with reference to the label 713 of the previous
frame held in the label memory 709, and sends the
predicted label as a prediction value 714 to the label
encoder 708.

In the encoding apparatus with the above

20 arrangement, an alpha-map signal 701 is input to the
object area detection circuit 702. The object area
detection circuit 702 sets, as a video object plane, an
area which includes an object and is expressed by a
multiple of a block size, and supplies an alpha-map 703

25 extracted based on the set video object plane to the
block forming circuit 704. The block forming circuit

704 divides the alpha-map 703 into 16 x 16 pixel blocks



I ncluded in the up-sanpling reference range broader than the reference
range of |inear interpolation, the problemof discontinuity can be avoi ded.
On the other 15 hand, if an odd nunber of pixels |ike "nine pixels" is
used in interpolation rather than an even nunber of pixels |like "four
pi xel s", a mpjority effect can be obtained and a marked effect of avoiding
the discontinuity can be nore obtained in s@p cases. 20 FIG 26B
shows an exanple of interpolation using 12 pixels. Using the descriptions
of the enbodi nent described previously with the aid of FIG 26A, when pl,
p2, p3, and p4 represent the decoded pixels at certain positions in a given
macro bl ock in a(ha2rdomiosis)l, edndssuppligagen adphbphapl 325 dp¥idedd | p4
represent their values (pixel values), these values Ipl, Ip2, Ip3, and |Ip4
are described byinto biockslto the4iphelipg(rhreuis 706d) Fheelabpfing g +
lh + 1i + 1] + 1k +11) >8 then "1" else "0" I1p2 : 1f(4*Lb + 2*(Ia +1lc +
Id) +le + |f + FadrFuff 105|a$snpn$r Rn+un}y5>0§ bhegksy" lapgd o
Ip3 : If(4*Ic + 2*%Ib +la +_1d) +1le + If g
ormation 707 (mode 1nformat on), for example:
5 «Block does not include any object: "label 0"
+Block locally includes object: "label 1"
+Entire block corresponds to object: "label 3"
The label information 707 is sent to the label encoder
708, and is also stored in the label memory 709. The
10 label memory 709 stores labels encoded so far.
On the other hand, the reference block
determination circuit 710 determines, as a reference
block 711, for example, a block, which is located at
the same position in the previous frame as the block to
15 be encoded and sends it to the prediction circuit 712.
The prediction circuit 712 also receives the labels 713
of the previous frame from the label memory 709, and
sends the label at the position of the reference block
711 as a prediction value 714 to the label encoder 708.
20 The label encoder 708 encodes the label information 707
while switching encoding tables in accordance with the
prediction value 714, and outputs a code 715.
When the video object plane always agrees with the
frame, a reference block is uniquely determined.
25 However, when the video object plane is smaller than

the frame and the previous and current frames have

different positions of that video object planes, and a



lh + i + 1) +1k +11) > 8 then "1" else "0" Ip4 : If(4*1d + 2*(lb + Ic +
la) +le +I1f +1g+I1h+1i +1j +1k + 1) >8then "1" else "0" where a
is the pixel A b the pixel B, ¢ the pixel C d 10 “the pixel D, e the

pixel E, f the pixel F, g the pixel G h the pixel H i the pixel I, j the

pi xel J, k the pixel K, and 1 the pixel L. On the other hand, a "1/4" size

conversion process may be inplenmented by repegfing the "1/2" size 15
conversion process tw ce. An exanple of a conbination with the size _
conversion process in units of frames will be described below as the fifth
enbodi ment. The techni que disclosed in Japanese Patent 20 Application
No. 8-237053 by tHefpeeennt refueshoesbpoekensssaleetbadiapahdialy baal i zi ng
rate control by executing size conversion in units of franes (in practice,
a rectangl e area Whethdrngoandmhaeetaxasdhamiﬁgbﬁﬂeneatnéerofeaherﬂaméate
control by executing size 25 conversion in units of small areas such as
bl ocks. Al so, theafiantorggihied thbedi hanisgdeber cbedeabofethaveigeesent ed

exanples of realizing rate control by
P objgct plane as an origin are used.

5 Handling of the coordinate axes will'be described
in detail below.
FIGS. 49A and 49B show an example of frame images
Fn-1 and Fn at times n-1 and n, and mode information MD
of macro blocks in the individual frames Fn-1 and Fn.

10 Japanese Patent Application No. 8-237053 mentioned
earlier proposes, as an example, an embodiment for
determining the block to be referred to upon encoding
mode information of the current block by matching an
origin Vec0 of the video object plane in the current

15 frame (time n) and an origin Vp0 of the video object
plane in the previous frame (time n-1) with each other.
In this embodiment, blocks are made to correspond to
each other on the basis of the coordinate axes of the
video object plane.

20 In this case, as shown in FIG. 50A, the size of
the video object plane of the previous frame is matched
with that of the current frame by "cutting" or "no
updating" the right end or lower end of the video
object plane of the previous frame.

25 In the example shown in FIGS. 49A and 49B, blocks
at the left and upper ends of the video object planes

have changed. 1In such case, since blocks corresponding



executing size conversion in units of nore practical snmall areas. In this
enbodi nent to be described bel ow, an exanple of using a conbination of a

si ze conversion 5 process in units of franes and that in units of snall
areas wWill be described. FIG 35 is a view for explaining an al pha-nmap
encoder of this enbodinment. This encoder conprises down-sanpling circuits
530, 521, and 526, binary inmage 10 encogey 522, up-sanpling circuits
523 and 540, notion estimation/conpensation circuit 525, and nmultipl exers
524 and 550. In this arrangenment, a binary al pha-map inmage supplied via an
al pha-map signal input line 2 is 15 down-sanpl ed by the down-sanpling
circuit 530 in uria shef rfodenen forntatd dansins tdfe worandy sirang atnidw@Rk  The
signal down-sanpled in units of frames is supplied to an al pha-map encoder
520 via a signal yinetadeA hegkss (@icddaesrke)t ém ithe Praviarsd frane sl |
areas. 20 . .Since the al pha-map encoder, 520 is equivalent to the

al pha- map encoderi &t bvn haiteheh Pogitd-anfe idbdstGS uti My atbmdfts 521 to
526 of the al pha-map encoder_ 520 respectively have the sanme fupctions as
those of the consetr}"‘ltoq.ﬂ%nrﬂg WYZ%&(YO dfé:%flo[zi‘?é:ezg-f they MR map encoder

20 shown I% FIG’i%%of%é%%&%lfgjencoded using such values.

In the example shown in FIGS. 49A and 49B, it is
preferable that an origin Fc0 of the current frame be
matched with an origin Fp0 of the previous frame to
determine, as a reference block, a block at the closest

10 block position on the coordinate axes of the frame.

When a reference block is obtained on the basis of
the coordinate axes of the frame, the blocks become as
shown in FIG. 50B. That is, in the example shown in
FIGS. 49A and 49B, since blocks at the left and upper

15 ends have changed, the size of the video object plane
of the previous frame is matched with that of the
current frame by "cutting" or "no updating" the left
and upper ends, as shown in FIG. 50B. In this case,
blocks corresponding to the mode information of the

20 current frame include a smaller number of unmatched
blocks indicated by hatched portions (three blocks) in
FIG. 50B.

More specifically, whether the labels of the
previous frame are changed on the basis of the

25 coordinate axes of the video object plane or frame is
switched in correspondence with situations, thus

improving the encoding efficiency. As the



description of the al pha-map encoder 520 will be omtted. Al so, since the
arrangenent of the al pha-nmap 112 encoder 20 shown in FIG 12 is obtained
by nore sinply expressing that of the al pha-map encoder 20 shown in FIG 1,
the arrangenent of the al pha-map encoder 520 may be equivalent to that of
t he al pha-map encoder 20 5 shown in FIG 1. Encoded information encoded
by the al pha-map encoder 520 is nultiplexediggth a conversion ratio CRb in
units of small areas. The conversion ratio CRb is supplied to the
mul ti pl exer 550 via a signal line 503, 10 and is multiplexed with
encoded information of a conversion ratio CRin units of frames. Then, the
mul ti pl exed si gndetiermimahitony imgthost gfalthe meogdimatec ddkeas$ i e of the
al pha-map encoder 520 is supplied to the up-sanpling circuit 540 via a
signal 15 | i FSEer JIY iselgfts amplont ol methed anst sandd EHtasingh
ratio CRin units of franmes. After that, theqqo-sarrpl ed image i s output via
a signal |ine 4. MIQTTER- 10 q OF &UHorthek Singidtiey 2 EesRITT &Par at us of
this enbOdlnent'ég¥é§£¥¢§Qﬁ£9%8%¥a¥%£%% axes using known information.
5 FIGS. 45A and 45B show an example wherein the
coordinate axes of the video object plane are
preferably used. This example shows that the frames
have considerably changed from the frame Fn-1 in
FIG. 45A to the frame Fn in FIG. 45B like in a case
10 wherein the camera is panned to the right. In this
case, as can be seen from FIGS. 45A and 45B, since the
positions of the video object planes in the frames are
considerably different from each other, it is not
effective to determine the reference block on the basis
15 of the coordinate axes of the frame.
More specifically, when the current frame (the
frame Fn at time n) and the previous frame (the frame
Fn-1 at time n-1) have considerably different positions
of video object planes CA, the coordinate axes of the
20 video object plane are preferably used; when the
positions of the video object planes in the frames are
not so different, the coordinate axes of the frame are
preferably used.
Whether or not the current frame Fn and previous
25 frame Fn-1 have considerably different video object

plane positions can be determined on the basis of

information (vector) prev_refscurr ref indicating the



20 ~ apparatus conprises denultiplexers 650 and 643, binary inmage decoder
641, down-sanpling circuit 645, notion estimation/conpensation circuit 644,
and up-sanpling circuits 642 and 660. In this arrangenent, encoded

i nformation supplied 25 via a signal line 8 is denmultiplexed by the
denmul tipl exer 650 into a conversion ratio CRin units of frames and encoded
information in units of small 113 areas. 13be encoded information in

units of small areas is supplied to the al pha-map decoder 640 via a signal
| ine 608, and the decoded signal in units of snmall areas is supplied to the

up-sanpling circuit 660 via a 5 signal line 609. Since an al pha-nmap
decoder 640 is eqAsitiien ab the widsm-ghiecte @khne 4 st Fame|and 1'(3he a
description thereof will be omitted. Since the arrangement of.the al pha-map

decoder 40 shown §¥?a Pt thergdems ghjenf [yAP by nore sinply expressing
that of the al pha-map decoder 40_shown in FIG 2, the arran enent  of the

al pha- map decoder 640 ¥RXe bEPRE Leakht: tthe reRCfed (Raty b Hecber 40

shown in . . .
motion video encoding apparatus that also uses an

5 alpha-map is as shown in FIG. 51 according to standards.
More specifically, encoded data includes a video object
plane layer, macro block MB layer, and binary shape |
layer, and the video object plane layer includes video
object plane size information, video object plane

10 position information, video object plane size
conversion ratio information, and the like. The MB
layer includes binary shape information, texture MV
information, multi-valued shape information, and
texture information, and the binary shape information

15 includes mode information, motion vector information,
size conversion ratio information, scan type
information, and binary encoding information.

Of such information, the video object plane size

information indicates information representing the size

20 (two~dimensional size) of the video object plane, the
video object plane position information indicates
information representing the position (positions of VpO
and Vc0) of the video object plane, and the video
object plane size conversion ratio information

25 indicates size conversion ratio (CR) information of a
binary image in units of video object planes.

The MB encoding information indicates information



FIG 2. 15 The up-sanpling circuit 660 up-sanples the decoded

signal supplied via the signal [ine 609 on the basis of a conversion ratio
CRin units of franes, and outputs the up-sanpled signal via a signal line
9. In this way, in this enbodi nent, an al pha-map 20 signal is

size-converted in units of franmes, and is also size-converted in units of
smal| areas. The conbi nation of size conversiggn in units of frames and that
inunits of small areas is particularly effective for encoding at | ow
encoding rate since the need for 25 side information such as conversion
ratio information can be obviated. A franme nenory will be briefly described
bel ow. 114 Al t fougieroding eam | gb jéotnin |5, 3BhandiBérybohapehe
encodi ng and decodi ng apparatuses require frame nenories for storing
decoded i mages. Hoprathemsimnthspl bayer rivdicatensinformats0Bf frames.
5 Since the present invention uses notion estjimation/ conpensation, for
exanpl e, when a f¥apEesenting whetheh P RefedobEels nknra’ o Bt fakl ofithen

frane at time n[err . . . .
[ an]object, the texture MV information indicates motion

5 | vector information used for performing motiqn
estimation/compensation of luminance and color
difference signals in an MB, the multi-valued shape
information indicates weighting information used upon
synthesizing an object with another object, and the

10 . texture information indicates encoding information of
luminance and color difference signals in an MB.
The mode information in the binary shape layer
indicates information representing the shape mode of a
binary image in an MB, the motion vector information
15 indicates motion vector information for performing
motion estimation/compensation of a binary image in an
MB, the size conversion ratio information indicates
size conversion ratio (CR) information of a binary
image in units of MBs, the scan type information
20 indicates information representing whether the encoding
order is in the horizontal or vertical direction, and
the binary encoding information indicates encoding
information of a binary image.
The information indicating the position (the
25 positions of VpO0 and Vc0) of the video object plane is
stored in the video object plane position information,

and hence, the position (the positions of Vp0 and Vc0)



nmust "be matched with that (in this case, the conversion ratio) of the frane
at tine n. Note that a decoded 10 image is stored in the frame nenory
in two ways, i.e., at a resolution in units of frames, as shown in FIG 37
(inthis exanple, a frame at tine nis stored at CR=1/2 ((a) of FIG 37);
aframe at tine nis stored at CR=1 ((c) of FIG 37)) or at an original

resolution 15 (always stored at a convergion ratio CR =1 irrespec-
tive of tine). In the former case, the frame nenory stores a decoded i mge
at aresolution in units of frames supplied via the signal |ine 504 or 6009.
In the latter 20 case, the franme nenory stores a decoded i mage at an

ori gi nal resol utiodn thepplided wbdectte pliagnealcan he 4ledrecTedTmsdaigortdiiswhen
the frane nmenories are explicitly included in the encodi ng apparatus shown
in FIG 35 and dded@rmgtdepar affhe Sremes FnFlGange Fnt keef Gofpareda s 179
menories (indicated by FML (for the encodi ng apparatus) and FM3 (for the
decodi ng appar at F)iSad@fREmgikd@R -i n ThiesScosPazidoro 1Saf@renés @G er frane

menori es 115 (indicated by F for the encodin% gpparat u qﬁd F\V4
ectors obtained from the home position of the frame to

5 that of the video object plane.

As a result, for example, as shown in FIGS. 45A
and 45B, when the difference between "prev_ref and
curr ref" is large and the sizes of the video object
planes of the current and previous frames are nearly

10 equal to each other, a reference block is preferably
determined based on the coordinate axes of the video
object plane. Since "prev_rxef and curr_ref", and the
video object plane size information are encoded prior
to encoding of the video object plane and are known

15 ones in the decoding apparatus side as well, no
additional information indicating the coordinate axes
used is required.

As shown in FIG. 52A, when a video object plane
731 is set as a portion of a frame 730, labels cannot

20 be determined for blocks outside the video object plane
731. However, at the time of encoding the next frame,
blocks outside the video object plane 731 may be used
as a reference block, and any labels must be inserted.

FIG. 52D shows an example wherein a predetermined

25 value, "0" in this case, is inserted into unlabeled
portions in FIG. 52A. FIG. 52C shows an example

wherein labels for unlabeled portions in FIG. 52A are



(for ‘the decodi ng apparatus) are as shown in FIGS. 40 and 41. More
specifically, in the encodi ng apparatus shown 5 in FIG 38, information
of a conversion ratio CR and output information of the up-sanpling circuit
523 are stored in the franme nmenory FML, and the held information is
supplied to the MC (notion estimation/ conpensation circuit) 525. In the
decodi ng apparatus 10 showmn in FIG 39,1£R information and the out put
fromthe up-sanmpling circuit 642 are stored in the frane nmenory FM3, and
the stored output is supplied to the notion estimation/conpensation circuit
644. On the other hand, in the encodi ng apparatus shown 15 in FIG 40,
information of ackhmigres dromatthe CRAeed odjigeit Hlsney at et aspaliation.
up-sanpling circuit 540 are held in the franme nenory FM2, and. that held
information is sdppls @ethed He RS faehiven vhean ma idnesdngéndddiedy & cuit)
525. I n the decodi ng apparatus shown in 20 FIG. 41, CR information and
the output from ARPEF: ddhpihiendesitr dnamesd@ & @Rty Whenehag ehieStenory
FMB, and the stored output is supplied to the notiaqn .

esti mati on/ conpe&st iBHT S dit %@4Prﬁvéou§2§r§mﬁmsl]tkﬁe dettaiqcEF
arrangenment. of the 25. frane nenories EML and EMB,. and.FI G 42B shows
the detail @d arr &N§Eredt W OFd S taMevREAT qﬁwfréﬂ&ﬁFﬁﬁape changes

abruptly.

FIG. 52B shows an example wherein labels for
unlabeled portions in FIG. 52A corresponding to only a
portion of a video object plane 732 of the next frame

10 are obtained by extrapolation in the memory space of
the label memory 709, and other portions are not
overwritten. In this way, labels of the frame two or
more frames before the current frame can be used in
prediction.

15 When the labels of the previous frame are to be
used in prediction, for example, neither extrapolation
nor insertion of predetermined values are done, and the
video object plane alone is updated in the memory space,
in addition to the above methods.

20 A label prediction method used when the size
conversion ratio (CR) of a frame is switched in units
of frames, as has been described above with reference
to FIGS. 37A to 37D, will be explained below.

FIG. 53 shows an example of the down-sampling

25 process, i.e., when the previous frame has "CR = 1" and

the current frame has "CR = 1/2". 1In this case, there

are four blocks MB2 to MB5 in the previous frame



As shown in FIG 42A, the frame nenory FML or FM3 116 conprises a frame
menory m| for holding an inage of the current frame, a size conversion
circuit nml2 for performng a size conversion process for the image held in
the frame nmenory nill in correspondence with 5 separately input

I nformation of a size conversion ratio CR, and a frame nenory nil3 for
storing the output size-converted by the sizg3conversion circuit nl2. On

t he other hand, as shown in FIG 42B, the frame nenory FM2 or FM4 conpri ses
a franme nmenory nRl for storing an 10 i mage of the current frame, a
down-sanmpling circuit nm22 for down-sanpling the inage held in the frane
menory n2l in corqEseRRErREagitich sehratéeimadagpldilagl dtdsoths kilagke
conversion ratio CR_ and a frame nenory ml2 for storing the output

down- sanpl ed by t%e Rpencodsd in ddpldwrgeaty dnamere gbﬁméiqyﬁm%ﬁmmlrﬁ,dn n
the frame nenories with such arran enents W |l be described bel ow |In case
of the frame nem#@s SHAFTHAFNEG. dSRed Blferge Havi H@ e SReF kI 1y,

rresponding to the current fra [ uppl i units of franes
Sfa thg S|gngl the macro'%loc s MBZ, m% MB4pp éaMBg11n the previous

5 frame become the macro block MB1l after doansampling.

Assuming that (X, y) represents the address of the
macro block MB1 of the current frame, the addresses
of the blocks MB2 to MB5 of the previous frame are
(2%, 2y), (2x+1, 2y), (2x, 2y+1), and (2x+1, 2y+1).

10 The coefficient "2" in this case is given as the
ratio of the values of the size conversion ratios CR of
the previous and current frames.

Upon prediction in encoding of the label of the
block MB1l, it is proper to use the label of one of the

15 blocks MB2, MB3, MB4, and MB5. In this case, some
determination methods are available.

The simplest method with the smallest calculation
amount is a method of using the label of a block
located at a predetermined position (e.g., upper left)

20 of the four blocks. Alternatively, when the four
labels include the same ones, the majority label can be
used as a prediction value, thus improving the accuracy
of prediction.

When the numbers of labels having identical

25 contents are equal to each other, i.e., two pairs of
labels have identical contents, the order of labels is

determined in advance in the order of higher appearance



line 504 or 609, and is stored in the frame nenory mi| for storing the
current frane. The franme nenory mi| stores the entire decoded inmage of the
current frame at the tine of conpletion of encoding of the current frame 25
(e.g., at time n). At the beginning of encoding of a frame at tine n+l, the
size conversion circuit ml2 reads out the 117 decoded i nage of the frame
at tinme n fromthe franme nenory nill, and penfiarns a size conversi on process
(resolution conversion) to match the size conversion ratio CRin units of
frame for the frane at time n+l. 5 In the exanple shown in FIGS
37A to 37D, the size conversion ratio CRof a frame at tine nis "1/2", as
shown in FIG 37X requendiesi zndoveigiean-oxden Bbel bs fsahectedtdsea n+l
as the next frame is "1", as shown in FIG 37B. In this case,.the sjze
conversion circuipradictiommaine { or'hem prereangle chirerebirctrlange
conversion ratio CR from™"1/2" to "1". The decoded image at tine n

resol ution- convertd Hysehelnithe ARG si bh RIPEIRATR 2XRS RIFERD | the he

frame nenory ml3 for the PreV|ous frame, and js used as
corner of the video object plane CA as an origin are

5 used, the boundary of a block (the macro blqck to be
encoded) in the current frame overlaps that of a macro
block in the reference frame, as shown in FIG. 54.

However, when the position is allowed to be set in

the area to be encoded at a step smaller than the width

10 of a macro block, and.cobrdinate axes having the .corner
of the frame as an origin are used, the boundaries of
blocks do not normally overlap each other, and a total
of nine macro blocks MB6 to MB1l4 can be referred to, as
shown in FIG. 55.

15 In this case, the label of the macro block MB10,
which is entirely referred to, is used.

FIG. 56 shows an example wherein the previous
frame has a size conversion ratio CR = 1/2, and the
current frame has a size conversion ratio CR = 1. 1In

20 this case, a macro block MB1l9 refers to the lower right
portion to a macro block MB15 in the down-sampled frame.
At this time, the label of the block MB1l5 may be used
as a prediction value, or since the portion to be
referred to is also close to blocks MB16 to MB18, the

25 labels of these blocks may also be taken into
consideration, and the prediction value may be

determined by, e.g., the principle of majority rule or



15 a reference image in notion estimation/conpensation for the frane at
time n+tl. In case of the frame nenory FM2 or FM4, a decoded i mage having an
original resolution (CR=1) is supplied to the franme nenory via the signal
line 4 or 9, 20 and is stored in the frame nenory nR2l for the current
frame. The frame nenory nRl stores the entire decoded i mage of the current
frame at the tinme of conpletion of encodingigf the current frane (e.g., at
time n). At the beginning of encoding of a frane at tinme 25 n+1l, the
down-sanpling circuit nm22 reads out the decoded inage of the frame at tine
n fromthe frame menory nRl1l, and perfornms down-sanpling (resolution
conversi on) to nuhehltike,siasedesorébsdonboaei.o0 CR in units of frames for
the frame at tine n+tl. Since the decoded i mage stored in the frame nmenory
m21 al ways has a si ze Fdénhver’siisen ar lioskCRiagramgsfiomiags an exampde of
conversion ratio CRat tinme n+tl is "1" in the exanple shown in FIGS. 37A to
37D, the down- safRei AgrangenentnPf dofscrReingepPPRrRANS Pdsdhet PEfsent
conversion process in this case, In th% %x?ane shown in FIGS. 37A to 37D
when the current iVERE108 t [fRECch uses labels in prediction.

5 This decoding apparatus comprises a label decoder
716, label memory 717, reference block determination
circuit 718, and prediction circuit 720.

Of these circuits, the label decoder 716 decodes
label data from input code data to be decoded. The

10 label memory 517 stores the decoded label data. .The
reference block determination circuit 718 executes a
process for determining, as a reference block 719, a
block, which is located at the same position as the
encoded block in the previous frame.

15 The prediction circuit 720 has a function of
obtaining a prediction value 722 on the basis of a
label 721 of the previous frame and the reference block
719, and supplying it to the label decoder 716.

In the decoding apparatus with the above

20 arrangement, an encoded data stream 715 as data to be
decoded is input to the label decoder 716, and labels
are decoded.

On the other hand, the label memory 717 stores the
labels decoded so far. The reference block deter-

25 mination circuit 718 determines the reference block in
the same manner as described in the encoder, and

supplies it to the prediction circuit 720. Also, the



10 ° tinme n+l, since the resolution of a frane at tine n+t+2 is "1/2", the
down-sanpling circuit nR2 perforns a resol ution conversion process for
converting the size conversion ratio CR from"1" to "1/2". The decoded
image of the frane at time n, which is 15 resol ution-converted by the
down-sanmpling circuit nm22 is stored in the frame nenory n83 for the
previous frame, and is used as a reference iggge in notion
estimation/ conpensation of a frane at time n+l. The detail ed arrangenents
and operations of the 20 frame nenories FML, FM2, FMB, and FM4 have
been described. The frame nenories FM and FM3 are characterized in that
t hey store decoderadiagesorhavinum irte @ Qutdbdrasinisn e tpreafi dftrisore sreslupEp | 1230
via the signal |ines 504 and 609, and the frame nmenories FM2 and FM4 25
are characteri zedn rthehdasitse pfs three lddedde@ )i e dsheh prdewj quss duanieorend n
units of frames supplied via the signal lines 4 and 9. For this reason,
these nenories thElgefgrensse bigckodd otiferthey Safife FANNET AF darfdl®e of a
nmet hod of encodi ng node i nformati on of a macrqg block wil]l be descri bed
bel ow as encoder, and sends it to the label decoder 716. The
5 label decoder 716 switches decoding tables using the
prediction value 722, and decodes and outputs a
label 723.
Upon encoding a mode "M(h, v, t)" (h, v, and t
represent the coordinate axes in the horizontal,
10 vertical, and time directions) of a certain block, an
encoding table is selected with reference to "M(x-1, vy,
n)", "M(x, y-1, n)", "M(x, y, n-1)", and the like. The
modes used herein may include some motion vector
information used in motion compensation, and the
15 following mode set (to be referred to as mode set A
hereinafter) may be used.
[Mode Set A]

(1) “"transparent"

(2) "opaque"

20 (3) "no update (motion vector == 0)"
(4) "no update (motion vector != 0)"
(5) "coded"

Note that both (3) and (4) in mode set A are copy
modes. However, (3) in mode set A means that the
25 motion vector is zero, and (4) in mode set A means that
the motion vector is other than zero. In case of (4)

in mode set A, the value of the motion vector must be



the sixth enbodi nent. A nethod proposed by Japanese 5 Pat ent
Application No. 8-237053 wll first be explained. FIGS 43A and 43B show an
exanpl e of node information of macro blocks at tinmes n and n-1. Note that
the node information is information indicating the contents of each macro
bl ock such as "transparent” (all 10 the constituting pixels in that
macro bl ock are transparent), "opaque" (allifhe constituting pixels in that
macro bl ock are opaque), and "Multi" (the constituting pixels in that nmacro
bl ock are partly transparent and partly opaque). 15 For exanpl e,
"transparent” is |abeled by code "0", "opaque" is |abeled by code "3", and
"Multi" is |abel esbgaratades; "ecodditbn ddwegtdwestin edssngl® @3 eain mdali ng an
object portion in a frame is considered, and is set so that 20 its
upper right positsetn Zonmactcs: idre wmbwamesibriie enaddadie ditea the

di stribution (label distribution) of node information of macro bl ocks
included in the gtimctegafiar drsed kadonds e A i ¥ ®modp s @S.143A and

43B. 25 As can be seen fromthe distribution exanples of the
constituting pixdsatbde itftalmaf dgheomunhenta@b anarded okt et fihgres at
times n and n-1 sho in . .

5 modes and motion vectors can be reduced.

In this example, if all the pixels in a block
obtained as "no update (motion vector == 0)" are, e.g.,
opaque, an identical decoded image can be obtained in
either mode (2) or (3) above. That is, these modes
10 need not be selectively used. Similarly, when all the
pixels in a block obtained as "copy (motion vector ==
0)" are transparent, (1) and (3) above need not be
selectively used. In view of this, the following mode
set is prepared:
15 [Mode Set B]
(1) "transparent"

(2) “"opaque"

(3) "no update (motion vector != 0)"
(4) ‘“coded"
20 Step Al: If all motion estimation/compensation
images obtained in "no update (motion vector == 0Q)""

are opaque, the control advances to step A3; otherwise,
the control advances to step A2.
Step A2: If all motion estimation/compensation
25 images obtained in "no update (motion vector == 0)" are
transparent, the control advances to step A4; otherwise,

the control advances to step AS5.



120 FIGS. 43A and 43B, al pha-maps for tenporally adjacent franmes have very
simlar |abel distributions. Therefore, in such case, since the | abels have
hi gh correl ati on between the frames, the encoding 5 ef ficiency can be
greatly inproved by encoding | abels of the current franme using those of the
al ready encoded frane. In general, the video object plane (a tightest

rectangl e area mainly including an object ppggion, e.g., 10 t he video
obj ect plane CA shown in FIG 34A) in the frane at time n nay have a size
different fromthat in the frane at tinme n-1. In this case, for exanple,

the video object plane size in the frame at tinme n-1 is adjusted to that in
the frame at tine n irstdpe A% If ‘W(ogedyr e )shawn hen defieSretl Aanid 448

For- exanpl e, when the video object plane size in the frame at.-tine nis

| onger by one rowpsiede gmsiidoremvemroane=c®)dim "Man t*hat* )i"n isheeplanedat
time n-1, the rightnost macro bl ock array for one columm of the video

obj ect plane 20 by "®mp@Esug "smaTher comirel @AVAHRSS X IfEeR &P at tinme n-|
is cut, as shown in FIG 44A and thereafteg the Ioweqn)re cro, bl ock

array for one rowis cfiRedidio If "M(* to is "no
5 update (motion vector == 0)", "M(*, *, *)" is replaced
by "transparent". The control advances to step A6.

Step A5: After "M(x, y, n)" is encoded using an
encoding table of mode set A, encoding ends.

Step A6: After "M(x, y, n)" is encoded using an

10 encoding table of mode set A, encoding ends.

When an algorithm (FIG. 58) that fulfills A0 to A6
above is used, a plurality of modes can be prevented
from being prepared for an identical result, and thé
number of encoded bits of mode information of blocks

15 can be reduced. This is because the average code
length of a code for switching four modes (mode set B)
can be set to be shorter than that of a code for
switching five modes (mode set A). However, since the
method of switching mode set A alone in units of blocks

20 slightly increases the calculation amount and memory
capacity as compared to a case using mode set A alone,
it is used when that increase does not pose any problem.

A decoding process determines the encoding table
for mode set A or B by the same algorithm as that shown.

25 in the flow chart in FIG. 58, and executes decoding
using the determined table.

FIG. 59 shows another algorithm that can obtain



the bottom of the video object plane to add one row. This state is shown in

FI G 45B. 25 When the video object plane size in the frane at
time n-1 is shorter by one colum and | onger by one row than that in the
franme at time n, the | owernost macro 121 block array for one rowin the

vi deo object plane is cut, and thereafter, the rightnost macro bl ock array
in that video object plane is copied to itsimei ghboring position to add one
colum. 5 When adj acent franes have different sizes, the sizes are
adjusted in this way. Note that the size adjustnent nethod is not limted
to the above-nentioned specific nethod. The labels in the frane at tine
n-1, whose size ithd iswmid \efbaistam iro thmtabovetnertionmedtaligorithni ne n,
as shown in FIG 44B, will be referred to as those at tine n-1' for the

pur pose of converiertdels arapay |theyagadeEats tured AW ng description. FIG
46A shows the differences between node information of the above-nentioned

macro bl ocks at 15 [MedmsSet 4nH n-1', i.e., the differences between
| abel s at identical nacro bl ock £05|t|ons
(1 "transparent
5 (2) "no update (motion vector == 0)"
(3) "no update (motion vector != 0)"
(4) "coded"

[Mode Set D]

(1) T"opaque"

10 (2) "no update (motion vector == 0)"
(3) "no update (motion vector != 0)"
(4) "coded"

The flow chart in FIG. 59 will be explained below.
Step Bl: If all motion estimation/compensation
15 images obtained in "no update (motion vector == 0)" are
opaque, the control advances to step B3; otherwise, the
control advances to step B2.
Step B2: If all motion estimation/compensation
images obtained in "no update (motion vector == ()" are
20 transparent, the control advances to step B4; otherwise,
the control advances to step BS.
Step B3: If "M(*, *, *)}" to be referred to is
"opaque", "M(*, *, *)" is replaced by "no update
(motion vector == 0)". The control advances to step B6.
25 Step B4: If "M(*, *, *)" to be referred to is
"transparent", "M(*, *, *)" is replaced by "no update

(motion vector == 0)". The control advances to step b7.



In FIG 46A, "S" indicates "labels match", and "D' indicates "l abels do not
match". On the other hand, FIG 46B shows the differences 20 bet ween

| abel s at nei ghboring pixel positions in node information of the
above-nentioned macro blocks at tine n. In this case, for a | abel at the

| eft end position, the difference froma |abel at the right end pixel
position in one |ine above is calcul ated, apggfor a 25 | abel at the
upper left éend pixel position, the difference from"0" is calculated. FIG
46A will be referred to as inter frame coding, and FIG 46B w || be 122
referred to as intra frame coding hereinafter for the purpose of

conveni ence. As can bestsmerBSr quf tdxGS\MAG6A yancth Y6 B, s semomdedheusiimdpean of
"S's ininter frame coding is larger than 5 that in intra. frame coding,
and inter frane codiadjrgartahleyicde moglee sedc dy atenqudddiatergts r esul ts, the
nunber of encoded bits can be reduced. Wen the correl ation between

adj acent franes is verStepddt: Afterendbd ng fF) CikhSneIdehie§ing a2 10
codi ng may becone |ower than that_in jntra frame cQdi ng. '

encoding table of mode set C, encoding ends.
5 Step B7: After "M(x, y, n)" is encoded using an
encoding table of mode set D, encoding ends.

As the mode of a block, encoding parameters, for
example, the block size, block down-sampling ratio,
encoding scan type, motion vector value, and the like

10 may be included as needed. An example including .scan
type will be explained below.

[Mode Set E]

(1) "transparent’

(2) ‘"opaque"

15 (3) "no update (motion vector == Q)"

(4) "no update (motion vector != 0)"

(5) "coded & horizontal scan"

(6) "coded & vertical scan”
Note that "==" indicates that the values of the
20 left- and right-hand sides are equal to each other, and

"!=" indicates that the values of the left- and
right-hand sides are not equal to each other.
As has been described above, according to the
present invention, the reference block of the previous
25 block is used in prediction. In this case, the
alpha-map itself may be used in prediction instead of

the label of the reference block. More specifically,



In this case, whether intra or inter frane coding is done is swtched using
a 1-bit code, and the intra franme coding is selected. O course, since the
first frame to be encoded has no labels to be referred to, it 15 S
subjected to intra frame coding. In this case, there is no code for
switching inter/intra franme codi ng. An exanple for sw tching sone

predi ction nethods will be described in norgsgdetail below In the
above-nmenti oned exanpl e, when the 20 correl ati on between adj acent
franmes is small, intra frame coding is done. However, intra frame coding is
al so effective, for exanple, when the present invention is used in video
transm ssi on or tare dligde-meapd ntayaisTisssimEd e gr snepussy A PrdblEvemy 25

For exanpl e, when transm ssion errors have been produced and the previous
frame cannot be romealthe gessiaf gdch dleck darenasylaty ithaigwde t he
current 123 frame cannot be normally decoded, either. However, if intra
frame coding i s Us&dEansRAXant ont’ Muldie' caPRFIYRrneN yeheedddet). iven intra

frame coding is weak agai nst . . )
determined, and an encoding table is selected in

5 accordance with the mode.

In this way, a block separated by several pixels
from a block used upon encoding the previous frame can
be used as a reference block. That is, the reference
block need not precisely owerlap the block used upon

10 encoding the previous frame, and prediction with higher
accuracy éan be realized.

On-:the other hand, prediction using an alpha-map
of the reference block and that using a label may be
combined.

15 For example, an encoding table is selected
depending on "transparent", "Multi", or "opagque" using
the alpha-map of the reference block, and for a block
with "Multi", an encoding table is selected using the
label of the reference block.

20 As for the portion to be referred to in the
previous frame, a method of using motion vectors given
in units of blocks may be used. More specifically, a
portion indicated by the motion vector of the already
encoded macro block that neighbors the block to be

25 encoded is extracted from the previous frame, and an
encoding table is selected depending on whether the

mode of the extracted portion is " transparent",



5 " transmission errors if it refers to many macro bl ocks. That is, when
t he nunber of nmacro blocks to be referred to is increased, the nunber of
encoded bits can be reduced. However, as the nunber of macro bl ocks to be
referred to is increased, it is likely to refer to 10 macr o bl ocks

i ncluding transm.ssion errors, and the errors included in the referred
macro bl ocks are fetched and reflected in tig2 process result. Hence, such
intra franme coding is weak agai nst transm ssion errors. Conversely, when

t he nunber of macro bl ocks to 15 be referred to is decreased, the
nunber of encoded bit is increased but the intra frame codi ng becones
robust agai nst tramdmiidsi omr éppedgsef'eor t he above-nentioned reasons. In such
si t-uation, a nmeans which is robust against 20 transm ssion errors and
can reduce the nunber The presead Binventdonegsesean sdohargaps signadal i zed
as follows. For exanple, to attain coding which is robust against .
transni ssi on err &PgtaggpPEgfentgues PﬁéeﬁgnﬁBPPESand 15F BRESEEA™MsA it is
effective to pre%are sonme prediction nodeieggg 0 selgc%héeg%j%%% Egese

met hods. The predF@fof°nBdesCi REPAGELST & ggoun

5 the method of encoding a frame while dividing it into
the background and object upon encoding an image. This
alpha-map signal is encoded together with encoded
information of the image to form a bit stream, which is
transmitted or stored. The former one is used in

10 broadcasting or personal computer communications,. and
the latter one is subjected to transactions as a
product that stores contents like a music CD.

When motion video contents recorded on a storage
medium are provided as a product, encoded information

15 of images and alpha-map signals are compressed, encoded,
and stored in the storage medium as a bit stream, so
that a single medium stores long-time contents to allow
the user to enjoy movies and the like. An example of a
decoding system for a storage medium that stores a

20 compressed and encoded bit stream including alpha-map
images will next be described as the seventh embodiment.

This embodiment will be explained using FIGS. 60
and 61. FIG. 60 shows an example of the format of a
bitstream of mode information (shape mode) b0, motion

25 vector information bl, size conversion ratio
information (conversion ratio) b2, scan type

information (scan type) b3, and encoded binary image



124 (A) Inter frame coding node (B) Intra frame coding node (C) Intra video
packet coding node (D) No prediction node 5 Note that the "video
packet" is an area obtained by subdividing the rectangle area of an object,
i.e., an area obtained by dividing the rectangle video object plane CA in
units of a predeterm ned nunber of macro bl ocks, as described above. For
exanpl e, the video 10 obj ect plane is dhgpded so that the individual

vi deo packets have the same nunber of encoded bits or a predeterm ned
nunber of macro bl ocks forma video packet. In the "intra video packet
codi ng node", even when 15 a reference block (which is the macro bl ock
to be referred toimfermat tomdet 0 blmwctikhe etesantyhibnvent ien ovwpedmcr o bl ock)
is located within the frame, if it is |ocated outside the "video packet",
that bl ock is notdeeddinedthe engriddrbinarmp age pintryertierd4 abel is 20
used as a prediction value. Wth this process, even when transm Sssion
errors have been HRERIRELIH Rhete ORIt IR\ H MM H AR DIARYE BoRn

"vi deo packet", that "video packet" can.b
P ecodeé. If)the moéé inf%rmation b0 is not decoded

5 prior to other information bl to b4, other information
cannot be decoded. Hence, these pieces of information
b0 to b4 must have the format in which the mode
information is set at the head of the bit stream, and
the encoded binary frame image information is set at

10 the end of the bit stream.

FIG. 61 shows a system for decoding a video signal
using a recording medium 810 that stores the bit stream
shown in FIG. 60. The recording medium 810 stores bit
streams including the bit stream shown in FIG. 60. A

15 decoder B20 decodes a video signal from the bit streams
stored in the storage medium B10. A video information
output apparatus 830 it outputs a decoded image.

In this system with the above arrangement, the bit
streams are stored in the storage medium 810 in the

20 format shown in FIG. 60. The decoder 830 decodes a
video signal from the bit streams stored in the storage
medium 810. That is, the decoder 820 reads the bit
streams from the storage medium 810 via a signal line
801, and generates a decoded image in the procedure

25 shown in FIGS. 62 and 63. Note that FIG. 63 is a flow
chart of the "binary image decoding" step (S5) in

FIG. 62.



normal | y decoded. 25 In the no prediction node, a |abel of each
macro bl ock is encoded without referring to any other nmacro bl ocks, and
this node is nost robust against errors. 125 Such plurality of different
nodes are prepared, and an optinmal one is selected and used in
correspondence with the frequency of errors. The switching may be done in
units of "video packets", 5 frames, or sgquences. Information

i ndicating the coding node used is sent fromthe encoder to the decoder. As
anot her node, a nethod of switching encoding tables in accordance with the
position of the area to 10 be encoded within the frane is al so
avai | abl e. As a gener aTh¢enodeteytofproceéssngef the deaopér, 828 whdhnben FI G
18,-an object is likely to be present at the central portion of the frane,
and is likely to @¥Phbired with eekeupnse tte FIGHe. 625and 63. More
consideration of such tendency, a table in which a short code _ is assigned
to "transparent” FREGSEHCALFY mitede PRI AhHERn chhit Heitigbledeepdede

frane, and
(step S1), and it is checked if the decoded mode

5 information corresponds to “transparent“,'“qpaque“, and
"no update" (steps S2, S3, S54).

As a result, if the decoded mode information is
"transparent", all the pixel values in the macro block
of interest are set at transparent values, and the

10 process ends (step S6); if the decoded mode information
is not "transparent" but "opaque", all the pixel values
in the macro block of interest are set at opaque values,
and the process ends (step S7). If the decoded mode
information is neither "transparent" nor "opaque" but

15 "no update", motion vector is information is decoded
(step S8), motion estimation/compensation is done (step
S9), the obtained motion estimation/compensation value
is copied to the macro block of interest (step S10),
thus ending the process.

20 On the other hand, if the decoded mode information
is none of "transparent", "opaque", and "no update" in
steps S2, S3, and S4, the control advances to the
binary image decoding process (step S5).

The process in S5 is as shown in FIG. 63. It is

25 checked if "inter" coding is used (step S21). BAs a
result, if "inter" coding is used, motion vector

information is decoded (step S25), motion



a table in which a short code is assigned to "opaque" is used for other
macr o bl ocks, thus reducing the 20 nunmber of encoded bits w thout using
any prediction. This is the no prediction node. Mre sinply, a nethod of
preparing a plurality of encoding tables and selectively using these tables

may al so be used. Switching information of such tables is 25 encoded in
units of, e.g., "video packets", franes, orisequences. FIGS. 47A and 47B
are bl ock diagrans show ng the 126 system arrangenent of this enbodi nent

that can inplement the above-nentioned processes. The flow of the processes
wi Il be explained beloww th reference to these block diagrans. 5
I n the arrangenergstigtadvionfedipEsis s 4me pertan i hourtdieas by br oken

lines are associated with this enbodi ment that can inplenment the
above- nent i oned FUTEREELON Fat 1o AMEHERE On diiie B F Spparaitdis,
whi ch conpri ses an object area detection 10 circuit 310, block formng

circuit 311, |abelHy R AHEITRLIADIS drarfad JEfeR dfel) meddiPas,
stze binary information is then decoded (step S24), thus
5 ending the process.

On the other hand, if it is determined as a result
of checking in step S21 that "inter" coding is not used,
size conversion ratio information is decoded (step S522),
and scan type information is decoded (step S23).

10 Encoded binary information is then decoded (step .524),
thus ending the process.

In this manner, the decoder 820 decodes an image,
and supplies the decoded frame image to the video
information output apparatus 830. Then, the decoded

15 frame image is displayed on the video information
output apparatus 830.

Note that the video information output apparatus
is, for example, a display, printer, and the like. 1In
case of the encoder * decoder that combines size

20 conversion in units of frames and that in units of
small areas as in the previous embodiments, the size
conversion ratio information in units of frames must be
decoded prior to the bit stream in units of small areas
shown in FIG. 60. Hence, the code of the size

25 conversion ratio in units of frames is located before
all the bit streams in units of small areas in that

frame.



changing circuit 315, |abel encoder 316, and nultiplexer (MJX) 317. O
these circuits, the object area detection 15 circuit 310 detects a
rrectangl e area corresponding to a portion including an object in an input
al pha-map signal on the basis of that al pha-map signal, and outputs the

al pha-map signal of that rectangle area together with information
associated with the size of 20 the rectisgl e area. The bl ock form ng
circuit 311 is a circuit for dividing the al pha-map signal of this
rectangle area into nmacro bl ocks. The labeling circuit 312 is a circuit for
determ ning the nodes (transparent (transparent pixels alone), Milti (both
transparent and 25  Asogesgoe ipexdelabpyeanshepaquaotdpaqvd dsiox@ns ditene) of
t he al pha-nmap signal contents in units of macro bl ocks of the al pha-map
signal, and assi gaphg-mapebdgpad" as" the contentgnere3cpnpyesséegordidng to
the nodes. The bl ock encoder 313 is a circuit for encoding an al pha-nap
signal in a nacr 8nBPEeRhavAnghenengpdedwinformpéion)is| grrey, asTRdt abel

mermory 314 s & MEMOLY S enbOheStanh Rehdhe, h"H2LIRLES" S HRRL §3, 1 rom
5 that storage medium can be provided.

An embodiment associated with prediction coding of
the motion vectors will be explained below as the
eighth embodiment.

FIGS. 19 and 20 show the framework of the present

10 invention. In FIG. 19, a motion vector detected by a
motion vector detection circuit 178 is supplied to and
encoded by an MV encoder 179 via a signal line 107.

The encoded motion vector is supplied to a
VLCemultiplexing circuit 180, and is multiplexed with

15 other encoded information. The multiplexed information
is then output via a line 3.

In FIG. 20, motion vector information bl
demultiplexed by a VLD *demultiplexing circuit 210 from
encoded information supplied via a signal line 8 is

20 decoded into a motion vector signal by a motion vector
decoder 290.

This embodiment is associated with the MV encoder
179 and the vector decoder 290.

In general, since the motion vector signal has

25 strong correlation between neighboring blocks, the
motion vector is encoded by prediction coding to remove

such correlation.



| abel'ing circuit 312, and size information of the area supplied fromthe
obj ect area detection circuit 310 via a |abel nmenory output |ine 302, and
supplying both the stored | abel information and size information to the 10
size changing circuit 315. The size changing circuit 315 is a circuit for
changing | abel information at tine n-1 to a size at tinme n on the basis of
the | abel information and size information f3r a franme at tinme n-1, which
are supplied 15 fromthe | abel nenory 314, and the size information for
a franme at tinme n, which is supplied fromthe object area detection circuit
310. The | abel encoder 316 is a circuit for encoding the |abel information
supplied fromthe | ab@IiGng 6di dsuiat view Fomegxple igiing amaegadh2@ of | abe
information as a prediction value. The nmultiplexer 317 is a circuit for

mul ti pl exi ng enc®¥edichionngeddngobtfaithedmpyiohe Veghoirsencoder 316, encoded

i nformati on supplied fromthe bl ock encoder 313, and size information
supplied fromthe obj & Fdfeabds rectgagde: wdmdewsc indigete MRFTSut putti ng

the nmultiplexed information. I n the encoding a ratu ith the
above-nenEioned EQOC&S, and a rectangle win owpg%ose %agkground is

5 indicated by a dot pattern corresponds to'the block to
be encoded. If MVs represents tﬁe motion vector of
this block to be encoded, a motion vector MVsl of a
macro block immediately before the block to be encoded
(the left neighboring block to the block to be encoded

10 in FIG. 64), a motion vector MVs2 of a macro block
immediately above the block to be encoded (the upper
left neighbéring block to the block to be encoded in
FIG. 64), and a motion vector MVs of the right
neighboring block to the macro block immediately above

15 the block to be encoded are used so as to obtain a
prediction vector MVPs for the block to be encoded.

In this fashion, the prediction vector MVPs for
the motion vector MVs of the block to be encoded is
normally obtained using the motion vectors MVsl, MvVs2Z,

20 and MVs3 of the blocks surrounding the block to be
encoded.

For example, horizontal and vertical components

MVPs_h and MVPs_v of MVPs are obtained by:

MVPs_h = Median(MVsl_h, MVs2_h, MVs3 h)

25 MVPs_h

il

Median(MVsl v, MVs2 v, MVs3_v)
where "Median ()" is the process for obtaining the

central value of the values in "()", and the horizontal



128 arrangenent, an al pha-map signal supplied via a signal line 301 is
supplied to the object area detection circuit 310, which detects a
rectangl e area including an object fromthat al pha-map signal. Information
5 associated wth the size of the detected rectangle area is output via
a signal line 302, and the al pha-map signal within the detected area is
supplied to the block formng circuit 311. Ihe block formng circuit 311

di vides the 10 al pha-map signal with the area into nacro bl ocks. The

al pha-map signal divided into macro bl ocks is supplied to the | abeling
circuit 312 and bl ock encoder 313. The labeling circuit 3120 determ nes the
nodes ("transpar éand vemiiagl' compmmpnds dih aimatsiqf weshar 29/sn (hlTocks,
and assigns labels ("0", "1", "3") corre- sponding to the nodes. The

assi gned | abel i @orheatd%h 1espagiiiviedy EXRIREIRDAY encoder 313, | abel
menory 314, and | abel encoder, 316. The bl ock encoder 313 encodes the

al pha-map signal 20 M e G hIock when its label is "1" (Milti), and

Lhe encoded Infor el o S oUREL S d N MRS R e i LBt
312 and the size Jaf QMg Ay Ge Hfked 3 N5 %‘%edez”%@%sol“} Rifs2,
and MVs3 if motion vectors are present in the
individual blocks, and the motion vector of a block
from which the presence of a motion vector is detected
first is determined to be MVPs.
10 FIGS. 65A and 65B show an example of frame images
Fn-1 and Fn at times n-1 and n, and video object planes
CAn-1 and CAn in these frames. In this case, when the
blocks around the block to be encoded are those which
do not include any object, no motion vectors are
15 present in these blocks. Also, in case of a block
subjected to intra frame coding, no motion vector is
present in that block.

For example, if none of MVsl, MVs2, and MVs3 are

present, a default value (vector) is used as the
20 prediction vector MVPs.

When the motion of an object is small, "zero
vector" as a motion vector = zero may be used as this
default value. However, when the motion of the
position of an object within the frame is large like in

25 transition from the frame shown in FIG. 65A to the
frame shown in FIG. 65B, the motion vector cannot be

accurately predicted, and the encoding efficiency drops.



25 - line 302, and supplies both the |abel information and size

I nformation to the size changing circuit 315 via a | abel

303. 129 The size changing circuit 315 changes the size of

menory out put

| abel

i ne

information at time n-1 to a size corresponding to that at time n on the
a frame at tine

basis of the |abel informati on and size infornmation for

n-1, which are 5 supplied via the | abeli1ggenory out put

size information at time n supplied via the signal |ine

302,

| i ne 303, and the

and supplies

t he size-changed | abel information to the |abel encoder 316. The | abel
316 encodes | abel information 10 supplied formthe | abeling
circuit 312 using the Theb@reisehdr daviegrt iompdlsi edhamagrhertieesi Za di@tgiang

encoder

circuit 315 as a prediction value, and supplies the encoded |nfornat|on to

the multipl exer differraceuverspaxdpifsetiubetyrercyechererpsg¥drer”

i nf ormation supplled from15 t he bl ock encoder 313, |abel .encoder 313,

and | abel encodeF ?YBlnaﬁéGthésélfédlNﬁSFﬁﬁtWSHr§u§ﬁﬁle&h9W§ tfe | abel

nmenory
si gnal

out put
i ne 304

5

10

15

20

25
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selectively used as that default value.

Note that "offset" is obtained by:

offset = prev_ref-curr ref

Switching between the default values "offset" and
"zero vector" may be done as follows. For example, an
error value between the objects at times n and n-1
obtained based on the coordinate axes of the frame is
compared with an error value between the objects at
times n and n~1 obtained based on the coordinate axes
of the video object plane, and if the former value is
larger, "offset" may be used as the default value; if
the latter value is larger, "zero vector" may be used
as the default wvalue.

In this case, 1l-bit side information must be sent
as switching information. Switching between "offset"
and “zero vector" as the default value of the
prediction value of the motion vector can be similarly
applied to prediction coding of the motion vector of
texture information.

The detailed arrangements of the MV encoder 179
shown in FIG. 19 and the MV decoder 290 shown in
FIG. 20 will be described below as the ninth embodiment.

FIGS. 66A and 66B are block diagrams showing an



The arrangenent and operation of the encoding 20 appar atus have been
descri bed. The arrangenent and operation of a decodi ng apparatus wll be
expl ai ned bel ow. The al pha-nmap decodi ng apparatus shown in FIG 47B
conprises a denultiplexer (DMJX) 320, |abel decoder 321, 25 si ze
changing circuit 322, |abel nmenory 323, and bl ock decoder 324. O these
circuits, the demultiplexer 320 is a 1301gprcuit for denultiplexing
encoded information supplied via a signal line 305. The | abel decoder is a
circuit for decoding | abel information at time n using, as a prediction

val ue, information which is supplied form5 t he size changing circuit
322 and i s obt ai nexdbddindrang hgehdeléiaealiert dbEl and artrmtpenigitexabe n- 1.
The- size changing circuit 322 is a circuit having the sane function as that
of the size changtimrwit cin ttiE Bystem show riouiBIG orlThaffithg G shows of
| abel 10 information for a franme at_tine n-1 to a size corresponding to
that at tinme n orp t¢REPELE vkue ARGratien rﬁaﬁ%%rﬁﬁsﬁz@e##ﬁ}ﬁ%fi on for

the frame at tine
circuit, and FIG. 66B shows the MV encoder 179.

5 The default value operation circuit as_the
peripheral circuit shown in FIG. 66A operates any
position shift of an object in the frame at the current
timing when viewed from the previous timing on the
basis of the process frames at the current and previous

10 timings in terms of the 6bject area, and comprises a
video object plane detection circuit 910, default value
determination circuit 911, plane information memory 912,
offset calculation circuit 913, and selector 914, as
shown in FIG. 66A.

15 A signal line 902 is a signal line for inputting
frame data at the current timing, corresponds to the
signal line 2 in the system shown in FIG. 19, and is
used for receiving the frame data at the current timing
input from the signal line 2 as an input. A signal

20 line 902 in FIG. 66A is a signal line for supplying the
previous timing frame data held in the frame memory 130,
and the frame data at the previous timing is received
from the frame memory 130 via this signal line 902. A
signal line 903 is a signal line for outputting flag

25 information from the default value determination
circuit 911, a signal line 904 is a signal line for

supplying information of a video object plane CAn from



n-1, "which are supplied fromthe | abel nenory 323, and the size information
for the frane at time n, which is 15 denul ti pl exed by and supplied from
t-he denul ti pl exer 320. The | abel nmenory 323 is a circuit having the sane
function as that of the |abel nenory 314, i.e., a circuit for storing | abel
i nformati on decoded by and supplied fromthe | abel decoder 321 and the size
20 i nformati on of the area supplied froggihe denultipl exer 320, and
supplying both the stored |l abel information and size information to the
size changing circuit 322. The bl ock decoder 324 decodes an al pha-map
signal in units of blocks in accordance wth the decoded | abel 25

I nformati on supplthed Vfirdeo tdiejdceth gl 1 adtec alderec32ion Tdiercopiar #1bn aofd tahe
decodi ng apparatus with the above arrangenent will be described bel ow.

131 The denul ti plssim@ral3Z20mefilé iid exesignecdodedche nfar reatpmoly isup pdssid Adm
the signal line 305, supplies the denultiplexed information to the bl ock
decoder 324 and ligd€armigdedec3 A vigey abiedumpane A5 read jGiflorfwam on

via a signal line 306.. The | abel decoder 321 decodes | abel infornmation for
a frame at tine Fhe plane information memory 912.

5 The video object plane detection cirbuit 910
detects the size and position information VCO of the
video object plane CAn on the basis of the video signal
of the current timing frame Fn-1 supplied via the
signal line 901, and supplies the detection result to

10 the default value determination circuit 911, plane
information memory 912, and offset calculation circuit
913 via the signal line 904.
The plane information memory 912 is a memory for
storing the information of the size and position.of the
15 video object plane CAn-1, and stores the size and
position information of the video object plane CAn upon
completion of encoding the frame at the timing of
time n.
The offset calculation circuit 913 calculates a
20 vector value "offset" using the position information of
the video object plane CAn supplied via the signal line
e4 and that of the video object plane CAn-1 supplied
via the signal line 906, and supplies it to the
selector 914.
25 The selector 914 is a circuit for receiving "zero
vector" as a zero motion vector value, and “"offset"

supplied form the offset calculation circuit 913, and



using, as a prediction value, information which is supplied fromthe size
changing circuit 322 and is obtained by changing the size of | abel
i.-nformation for 10 a frame at tine n-1. The decoded | abel information
is supplied to the bl ock decoder 324 and | abel nenory 323. The bl ock
decoder 324 decodes an al pha-map signal in units of blocks in accordance
wi th the decoded | abel information 15 siugpl i ed fromthe | abel decoder
321. Note that the size changing circuit 322 and | abel nenory 323
respectively performthe sane operations as those of the size changing
circuit 315 and | abel nenory 314, and a detail ed description thereof wll
be omtted. 20 selectinghenexalfiptbesef veheeendodiarngoaddndecwdithga flag
appar at uses which assign | abels to an al pha-map divided in units of macro
bl ocks, and encos&ueppRéedalfebm thendefeubltovkduef deiersinadaent cameuddi ng
the | abels of macro bl ocks in the already_encoded frame have been 25
descri bed. Macr 81Bl-ockbeoveatpravadps SeAecErpoPy theadpaeehert PdfedSar e

assigned very simlar |abels. Hence, in such case, since |labhel .correlation
i s high 132 output as the default value to a selector 923 in the MV

5 encoder 179 via a signal line 905.
The arrangement of the default value operation
circuit has been described.
The arrangement of the MV encoder 179 will be
explained below.

10 The MV encoder 179 comprises an MV memory 921, MV
prediction circuit 922, selector 923, and difference
circuit 924, as shown in FIG. 66B.

Of these circuits, the MV memory 921 is a memory
for storing motion vector information supplied from the

15 motion vector detection circuit 178 via a signal line
107 in FIG. 19, and stores motion vectors MVsn (n - 1,
2, 3) around the block to be encoded.

The MV prediction circuit 922 is a circuit for
obtaining a prediction vector MVPs on the basis of the

20 motion vectors MVsn (n - 1, 2, 3) around the block to
be encoded, which are supplied from the MV memory 921.
If MVsn (n - 1, 2, 3) does not exist, the prediction
vector MVPs cannot be normally obtained. Hence, the MV
prediction circuit 1792 has a function of outputting a

25 signal for identifying if the prediction vector MVPs is
normally obtained, and has a mechanism for supplying

this identification signal to the selector 923 via a



bet ween franes, the labels of the current frame are encoded using those of
the al ready encoded frane, thus greatly inproving the encodi ng efficiency.
In the invention as such prior art, VLC 5 (vari abl e-1 engt h codi ng)
tables are switched with reference to one nei ghboring block (one macro

bl ock) in a frame or between franes. In this case, the VLC table is
switched with reference to the "nei ghboringi®sock between franmes"” if inter
frame correlation is high; or 10 with reference to the "neighboring
block in a frame" if inter franme correlation is |ow. However, in practical
applications, both inter and intra frame correlations are often preferably
used. Let "Mh, wigngl iney92%nd t represent the 15 coordi nate axes in
the horizontal, vertical, and tine directions) be the node at- a certain

pi xel position. In thi@%aﬁs@e%ﬁé%_@ﬁeiﬁﬁs é@é’aﬁﬁpl%{Pg?lj\ﬁdc%@ﬂ &he
21y pon encodMip RS SOM Kitpisg Y22 ang thelieifaie WEBE of motes
is three as in FIGS. 43A and B, i.f the nunb%r ofsr fer%nceepl i S
three bl ocks (thrié® o RS} =iane e SOP nEe HERFeon s%%%>.
e L85 M35 TR R 1805 ARk B AT .00 il 0
signal line 925, and supplies thelselected value to the
difference circuit 924.
The difference circuit 924 is a circuit for
obtaining a prediction error signal for the motion
10 vector. More specifically, the circuit 924 calculates
the difference between the motion vector information
supplied form the motion vector detection circuit 178
supplied via the signal line 107, and the MVPs or
default value supplied via the selector 923, and
15 outputs the calculation result from the MV encoder 179
as motion vector information bl.
The operation of the encoder with the above
arrangement will be explained below.
In FIG. 66A, the video signal of the frame Fn as a
20 video signal at the previous timing (frame data of the
frame at the previous timing), which is stored in the
frame memory 130, is supplied onto the signal line 901,
and the video signal of the frame Fn-1 as a video
signal at the current timing (frame data of the frame
25 at the current timing) is supplied onto the signal

line e2.

The video signal of the frame Fn is input to the



In this case, since not only the nunber of VLC tables increases, but also

i nter block correlation with 133 newl y added reference bl ocks | owers,
encodi ng efficiency does not inprove nmuch even if the nunber of reference
bl ocks is increased. Hence, a trade-off between the nunmber of VLC tables
and encoding 5 efficiency nust be considered. An enbodi nent of another
nmet hod of encodi ng node i nformation of blocke4w || be expl ained below. In
the foll ow ng description, a method of encodi ng node information of bl ocks
using |l abels of the previous 10 frames in prediction will be expl ained.
FIG 48 is a block diagram of an encoder according to one enbodi nent of the
present inventi oefasldhowd ven dett@rmidatiiions cdmenddr Sddpransk s hen wildlesct
area detection circuit 702, block formng circuit 704, 15 . 1 abel i ng
circuit 706, |ab&ig@ado@dr thes friagise Fomdndsy inpot ref dhendefnwddk value
determnation circuit 710, and prediction circuit, 712, O these circuits,
the object area d&tEIigRtdoncGlrcrds 9 1o 3dr ¢didedr @Piest iITd§"%s a vi deo

obj ect detection circuit 910.

5 The video object plane detection cirbuit 910
detects the size and position information VCO0 of the
video object plane CAn on the basis of the video signal
of the frame Fn-1, and supplies the detection result to
the default value determination circuit 911, plane

10 information memory 912, and offset calculation circuit
913 via the signal line 904.

On the other hand, the default value determination
circuit 911 compares the error amount between the
frames Fn and Fn-1 with that between the video object

15 planes CAn and CAn-1 using the information of the video
object plane CAn supplied from the video object plane
detection circuit 910 via the signal line 904, and the
size and position information of the video object plane
CAn-1 supplied from the plane information memory 912

20 via the signal line 906. As a result of comparison, if
the former value is larger, the circuit 911 determines
that "offset" is used as the default value; otherwise,
it determines that zero vector is used as the default
value, and outputs flag information for identifying if

25 "offset” or zero vector is used as the default value
via the signal line 903.

The flag information output from the default value



20 - plane, an area, which includes an object and is expressed by a
multiple of a block size, on the basis of an al pha-map signal 701, and
extracting an al pha-map signal 703 of the set video object plane. The bl ock
formng circuit 704 divides (fornms into bl ocks) the 25 extracted

al pha-map signal 703 into 16 x 16 pi xel blocks (macro bl ocks) and outputs
the divided bl ocks. The labeling circuit 70668ssi gns predeterm ned | abel s
134 to an al pha-map signal 705 divided into blocks in accordance with the
ratio of the object included, and outputs the assigned | abels as |abel

i nformati on 707. The | abel encoder 708 encodes the | abel 5 I nformation
707 whil e swit chidetentiowitnigpn abilmmitn Hdcoridartdee véidnan Jinput9dp edi cti on
val ue 714, and outputs encoded information. The |abel nenory 709 stores the
| abel i nformati oM7OARksfethaan Bihe eldehabirFrcinkane meey ninithe dFta

bl ocks. The reference 10 bl ock determ nation circuit 710 executes a

process for det erfRTRaly, shawmy ipidGendl fiegathem ity th& seF i3S | ocat ed

at the same position in the previous fﬁ?nqlas the block to Pe encoded. The
predi ction ci r cuiR9SAblon information of the video object plane CAn

5 output from the video object plane detection circuit
910 via the signal line 904. After that, the
multiplexed information is subjected to transmission or
storage in a recording medium.

On the other hand, the plane information memory

10 912 is a memory for storing.the size and position
information of the video object plane CAn-1l, and stores
the size and position information of the video object
plane CAn upon completion of encoding at time n.

The offset calculation circuit 913 calculates a

15 vector value "offset" using the position information of
the video object plane CAn supplied via the signal line
904 and that of the video object plane CAn-1 supplied
via the signal line 906, and supplies it to the
selector 914.

20 The selector 914 selects, as the default value,
one of "offset" and zero vector in accordance with the
flag supplied form the default value determination
circuit 911 via the signal line 903. This default
value is output to the selector 923 of the MV encodexr

25 179 via the signal line 905.

The MV encoder 179 shown in FIG. 66B receives the

motion vector MVs of the block to be encoded via the



predircts a | abel at the position of the reference bl ock 15 711 with
reference to the | abel 713 of the previous franme held in the | abel nenory
709, and sends the predicted | abel as a prediction value 714 to the | abel
encoder 708. In the encoding apparatus with the above 20 arrangenent,
an al pha-map signal 701 is input to the object area detection circuit 702.
The object area detection circuit 702 sets,1@8 a video object plane, an
area whi ch includes an object and is expressed by a nultiple of a bl ock
size, and supplies an al pha-map 703 25 extracted based on the set video
object plane to the block formng circuit 704. The block formng circuit
704 divides the aigmelrddné0d 07t antb supkd igiskalt Hoodite MV MSnqumdadl

bl ocks), and supplies an al pha-nmap 705 divided into blocks to-the | abeling
circuit 706. The dmabaliiffprsncsuiairzog tadddgns, in un| ts of blocks, |abel

i nformation 707 (node information), for exanpl e: [err]BIock
does not include any JHedV predigtipn [C@rl?qlBIf()c‘-kZ? geefigivenicihridioofect
"l abel 1" [err]Entire block corresponds to object; "label 3"

vectors MVsn (n - 1, 2, 3) around the block to be

5 encoded from the MV memory 921, and obtaihs_the
prediction vector MVPs. 1In this case, if MVsn (n - 1,
2, 3) does not exist, since the prediction vector MVPs
cannot be normally obtained, the circuit 922 generates
a signal for identifying if the prediction vector MVPs

10 is normally obtained,.and supplies that signal to the
selector 923 via the signal line 925.

The selector 923 selects MVPs supplied from the MV
prediction circuit 922 or the default value as the
output on the signal line 905 in accordance with the

15 identification signal supplied via the signal line 925,
and supplies the selected value to the difference
circuit 924.

The difference circuit 924 calculates the

prediction error signal of the motion vector, and the
20 calculation result is output as motion vector
information bl from the MV encoder 179.

The process contents of motion vector coding have
been described. The decode process of the motion
vector encoded in this way will be explained below.

25 FIGS. 672 and 67B are block diagrams showing an
embodiment of a decoder that realizes the present

invention, i.e., showing the principal part arrangement



The label information 707 is sent to the | abel encoder 708, and is al so
stored in the | abel nenory 709. The 10 | abel nenory 709 stores | abels
encoded so far. On the other hand, the reference bl ock determ nation
circuit 710 determnes, as a reference block 711, for exanple, a block,
which is located at the sane position in the previous frane as the block to
15 be encoded and sends it to the predirg7on circuit 712. The
prediction circuit 712 also receives the |labels 713 of the previous frane
fromthe |abel nenory 709, and sends the | abel at the position of the
reference block 711 as a prediction value 714 to the | abel encoder 708. 20
The | abel encoderfoz08lecrddags Mvhencalbed idaftar amd showdnowain endmidigisintg
encodi ng tables in accordance with the prediction value 714, and outputs a
code 715. Wen tlod FHhgedVobiecodepl 298 _angayissapesdphpred chiacyigmdn Fhe
reference block is uniquely determ ned. 25 However, when the video

obj ect plane is S¥StEE shewR dReFEFanBlandFilfe Srdvisde¥sadd dafavditt frames
have different positions of that videq object planes

J , and a 136
different_referef‘f@éfui‘fl8(?1?"’ia§l§é‘l&"}t"é’(':ilé'reﬁe“fnél‘iii"&r'drﬁ’hera{f‘l circuit, and
5 FIG. 67B shows the MV decoder 290. '

The default value operation circuit as the
peripheral circuit shown in FIG. 67A comprises a plane
information memory 1010, offset calculation circuit
1011, and selector 1012. Reference numeral 1001

10 denotes a signal line for supplying flag information
used for identifying the selected default value,
which information is included in an upper layer in
transmitted encoded data or data stored in and read out
from a storage medium; and 1002, a signal line for

15 supplying the position information of the plane CAn
included in the upper layer of the transmitted encoded
data. These signal lines correspond to 1003 and 1004
in the encoder side.

Reference numeral 1003 denotes a signal line for

20 supplying the position information of the plane CAn-1;
and 1004 is a signal line for outputting a default
value.

The plane information memory 1010 is a memory for
storing the position information of the plane CAn-1.

25 The offset calculation circuit 1011 calculates a vector
value "offset" using the position information of the

plane CAn supplied via the signal line 1002 and that of



whet her coordi nate axes having the corner of the frane as an origin or

t hose having the corner of the video object plane as an origin are used. 5
Handl i ng of the coordinate axes will be described in detail below FIGS.
49A and 49B show an exanple of frame inmages Fn-1 and Fn at tines n-1 and n,
and node information MD of macro blocks in the individual frames Fn-1 and
Fn. 10 Japanese Patent Applicatiopgdo. 8-237053 nentioned earlier
proposes, as an exanple, an enbodi ment for determ ning the block to be
referred to upon encodi ng node information of the current bl ock by matching
an origin VcO of the video object plane in the current 15 frame (tine
n) and an ori gi n thEO mifarteh€An -de iy leictd ptisneclien gilgmnadr evirusl FHnearnd i me
n-1) with each other. In this enbodi ment, bl ocks are nade to correspond to
each other on theurmlieoitheheadsorldites vepter srliure Affaetobjtertths ane.
20 In this case, as shown in FIG 50A, the size of the video

obj ect plane of t3R§Ft&E % rane is matched with that of the current
frame by "cutting"” or "no updatin e right end(ﬁn{lomer end of _the video

"1
obj ect plane of the preRg §Gte. 1 selects and, QyiPus i ShA*F? n

PGS 49 and 495 905 Yont N g 0 AP il Ofartd' Y 4R ot

value "offset" supplied to the offset calculation
circuit 1011 corresponding to the flag information used
for identifying the selected default value supplied via
the signal line 1001. The output from this selector
10 1012 is output as the default value onto the signal
line 1004, and is supplied to the MV decoder 290.
The arrangement of the default value operation
circuit on the decoding side has been described.
The arrangement of an MV decoder 1100 will be
15 described below.
The MV decoder 1100 comprises an adder 1101,
selector 1102, MV prediction circuit 1103, and MV
memory 1104, as shown in FIG. 67B.
Of these circuits, the adder 1101 receives the
20 motion vector information bl as the prediction error
signal of the motion wvector of the block to be decoded,
and the default value supplied via the selector 1102,
adds the two values, and outputs the sum. This sum
output is output to the MV memory 1104 and onto a
25 signal line 203 in the arrangement shown in FIG. 20.
The MV memory 1104 holds the sum output from the

adder 1110, and supplies the motion vectors Mvsn (n = 1,



have'changed. In such case, since blocks correspondi ng 137 to the node

i nformation in the current frane include unmat ched bl ocks (21 bl ocks) in
t-he previous frame, as indicated by hatched portions in FIGS. 50A and 50B,
encodi ng efficiency may deteriorate if the node 5 information is
encoded using such values. In the exanple shown in FIGS. 49A and 49B, it is
preferable that an origin FcO of the curreniggrane be matched with an
origin FpO of the previous frane to determ ne, as a reference bl ock, a

bl ock at the closest 10 bl ock position on the coordi nate axes of the
frame. When a reference bl ock is obtained on the basis of the coordinate
axes of the frang, t3)e axomrks thec biecks tohden decdded. S5Ae Mt is, in the
exanpl e shown in FIGS. 49A and 49B, since blocks at the |eft and upper 15
ends have change®redigtsione céfrendid ildeo obiijadats @ aredifcttivm prepticous frane
Is matched with that of the current frame by "cutting” or "no updating"” the
left and upper ed¥¥s fFoshdhe metdlog vegmonsh MVsns (@ase,lbldocld) around

corresponding to the de informati on of the 20 current frame include a
smal | er nunber ofth$n Shedo be decoded, supplied from the MV memory

5 1104, and supplies it to the selector 1102. In this
case, when MVsn (n = 1, 2, 3) is not available, since
the prediction vector MVPs cannot be normally obtained,
the MV prediction circuit 1103 has a function of
generating a signal for identifying if the prediction

10 vector MVPs is normally 6btained, and this identifi-
cation signal is supplied to the selector 1102 via a
signal line 1105.

The selector 1102 is a circuit for receiving the

default value supplied via the signal line 1004, and

15 the prediction vector MVPs supplied from the MV
prediction circuit 1103, selecting one of these values
in accordance with the identification signal supplied
via the signal line 1105, and supplying the selected
value to the adder 1101.

20 The operation of the decoding side system with the
above-mentioned arrangement will be explained below.

In FIG. 672, a flag for identifying if "offset" or
zero vector is used as the default value is supplied
onto the signal line 1001, and the position information

25 of the plane CAn is supplied onto the signal line 1102.

The position information of the plane CAn supplied

via the signal line 1002 is supplied to the plane



bl ocks indicated by hatched portions (three blocks) in FIG 50B. Mre
specifically, whether the | abels of the previous frane are changed on the

basis of the 25 coordi nate axes of the video object plane or franme is
switched in correspondence with situations, thus inproving the encoding
efficiency. As the 138 determ nation nethod of the coordi nate axes, the

encoder may sel ect an optinmal nethod and senggsw tching information, or
both the encoder and decoder nay determ ne the coordi nate axes using known
information. 5 FI GS. 45A and 45B show an exanpl e wherein the
coordi nate axes of the video object plane are preferably used. This exanple
shows that the frianfesrnetierc oesicdsyr A0 arwahgde foffmdthedianmthon in FI G
45A to the frame Fn in FIG 45B like in a case 10  wherein. the canera is
panned to the righitzcuitn ¥Mhils c¥w mEansannferswdn oy grandGs. 1 MEA ignd 458,
since the positions of the video object planes in the franes are

consi derabl y di f MemaRy ffymsdading fdye npas jitsdamprindiqraatign of ddieer mi ne

the reference block on the basis o ) .
plane CAn-1, and stores the position information of the

5 plane CAn upon completion of decoding at time n.
The offset calculation circuit 1011 calculates the
vector value "offset" using the position information
of the plane CAn supplied via the signal line d2 and
that of the plane CAn-1 supplied via the signal line
10 1003, and supplies the vector value "offset" to the
selector 1012.
The selector 1012 selects one of "offset" and
"zero vector" in accordance with the flag supplied via
the signal line 1001, and outputs the selected value as
15 the default value to the MV decoder 1100 via the signal
line 1004.
Subsequently, the MV decoder 1100 shown in
FIG. 67B receives "motion vector information bl" as the
prediction error signal of the motion vector of the
20 block to be decoded, and supplies it to the adder 1101.
The MV prediction circuit 1103 receives motion
vectors Mvsn (n = 1, 2, 3) around the block to be
decoded from the MV memory 1104, and obtains a
prediction vector MVPs. When MVsn (n = 1, 2, 3) is not
25 available, since the prediction vector MVPs cannot be
normally obtained, the circuit 1103 supplies a signal

for identifying if the prediction vector MVPs is



15 - of the coordinate axes of the frane. Mre specifically, when the
current frane (the franme Fn at tinme n) and the previous frane (the frane
Fn-1 at time n-1) have considerably different positions of video object

pl anes CA, the coordinate axes of the 20 vi deo obj ect plane are
preferably used; when the positions of the video object planes in the
franmes are not so different, the coordi natejpxes of the frane are
preferably used. Whether or not the current frane Fn and previous 25

frame Fn-1 have considerably different video object plane positions can be
determ ned on the basis of information (vector) prev refscurr ref

i ndi cating the nokdaldesidbtaingdd tie tHedeseladgtent 1dlGenerian tiHee Sirgared and
the size of the video object plane. Mirre specifically, the encoded data
format in the notligre Vildso encodi ng apparatus that al so uses an 5

al pha-map is as shown in FIG 51 according to standards. Mre specifically,
encoded data i ncl udes Bhe/isledinrctlil arlecheoned ¢hs R AVBURBkYed and

bi nary shape | ayer, and the video object plane |ayer includes video
from the MV prediction circuit 1103 or the default as

5 the output on the signal line 1004 in accbrdance with
the identification signal supplied via the signal line
1105, and supplies the selected value to the adder 1101.
The adder 1101 adds the prediction error signal
("motion vector information bl") of the motion vector

10 and the prediction signal MVPs, thereby decoding -the
motion vector MVs of the block to be decoded. The
motion vector MVs of the block to be decoded is output
from the MV decoder 1100 via the signal line 203, and
is stored in the MV memory 1104.

15 In this manner, the MV encoding process required
in the arrangement shown in FIG. 19, and the MV
decoding process required in the arrangement shown in
FIG. 20 can be realized.

Industrial Applicability

20 Various embodiments have been described.
According to the present invention, a video encoding
apparatus and decoding apparatus which can efficiently
encode alpha-map information as subsidiary wvideo
information that represents the shape of an object and

25 its position in a frame, and can decode the encoded
information, can be obtained.

Also, according to the present invention, since



obj ect plane size information, video object plane 10 position

i nformation, video object plane size conversion ratio information, and the
|i ke. The MB | ayer includes binary shape information, texture W
information, multi-valued shape information, and texture information, and
the binary shape information 15 i ncl udes node information, notion
vector information, size conversion ratio iffprmation, scan type

i nformation, and binary encoding information. O such information, the

vi deo obj ect plane size information indicates information representing the
size 20 (two-di nensi onal size) of the video object plane, the video
obj ect pl ane positthieomumiear it eorodedi bdttes oifnfagr meiphar-magpreegedtd ng t he
position (positions of VpO and VcO of the video object plane, and the

vi deo obj ect pl amedsiced ,c Separsiten emgoidd ngnfcenmipel Gen®5 in unifdi et es si ze
conversi on ratioﬁéf}@ information of a binary image in units of video

obj ect pl anes. TE®IEBtEn#Fdiheyt srasHEerak lvndetardenatigardtheopncoding f or

decodi ng an object_in an MB. The bina%y shape information in the MB | ayer
indicates_infornﬁ@ﬁéﬁlency as compared to a conventional encoding

5 method that executes encoding in units_of'f:ames.

Note that the present invention is not limited to
the above-mentioned embodiments, and various
modifications may be made.

According to the present invention, since the

10 number of encoded bits of an alpha-map can be reduced,
separate encoding can be done in units of objects
without considerably deteriorating the encoding
efficiency as compared to a conventional encoding

method that executes encoding in units of frames.



representing whether or not pixels in an MB fall within an object, the
texture W information indicates notion 5 vector information used for
perform ng notion estinmation/ conpensation of |um nance and col or difference
signals in an MB, the nmulti-val ued shape information indicates weighting

i nformation used nt hesi zi ng an object wth another object, and the
10 texture i rﬁﬂm‘dﬁmﬂw”ﬂﬂﬁfes encodi ng3i nfor mati on of | um nance and
col or difference B! The node information in the binary shape
| ayer indicates information representing the shape node of a binary inmage
in an MB, the notion vector information 15 i ndi cates notion vector
information for perform ng notion estin@atloh/ToMp®gnsati on of a binary i mge
inan MB, the size.conversion ratio information indicates size conversion
ratio (CR) informationtof A Hihar-Nam@Endafing EaPRATRE GIRPBIEHNT y pe

i nformation 20 indicates informati on representing whet her the encodi ng
order is in the horizéhtErsdy QFé‘F’t‘iS@é‘}Pldiq@e(ﬂlil?ﬁﬂltarng? OB RERP D di ng

information indicate ncodi ng .infarmati.on of a binary i e. The

i or mat | on | ndi Gt SR Baso GGG /(P I TepTaRste eSS A Voo

nf or mat i o, ant RIS b 2 SERIGR o At Eote GRS vt vath &
down-sampling ratio based on size conversion ratio
information;

an up-sampling circuit for up-sampling the
alpha-map signal at an up-sampling ratio based on size

10 ‘conversion ratio information given to restore the
alpha-map signal down-sampled by said first down-
sampling circuit to an original size, and outputting a
local decoded alpha-map signal;

a motion compensation circuit for generating a

15 motion compensation signal on the basis of a previous
decoded video signal and a motion vector signal;

a second down-sampling circuit for down-sampling
the motion compensation signal at the down-sampling
ratio;

20 a binary image encoder for encoding the alpha-map
signal down-sampled by said first down-sampling circuit
to a binary image in accordance with the motion
estimation/compensation signal down-sampled by said
second down-sampling circuit, and outputting an encoded

25 binary image signal; and

a multiplexer for multiplexing and outputting the

encoded binary image signal and the size conversion



141 of the video object plane can be detected using this information. The
frames Fn-1 and Fn are conpared using this information. This conparison is
done using vectors obtained fromthe hone position of the frane to 5

that of the video object plane. As a result, for exanple, as shown in FIGS.
45A and 45B, when the difference between "prev ref and currref” is large
and the sizes of the video object planes of 1tyhe current WY S
are nearly 10 equal to each other, a reference bl ockﬂm“mlmllgﬂumﬂe
det erm ned based on the coordi nate axes of the video objeet plane.r Ssnce
"prevref and currref”, and the video object plane size information are
encoded prior to macioniiwfamdtieond deo obj ect plane and are known 15

ones in the decoding apparatus side as well, no additional information

i ndi cating the coordingte-@Re%lmhﬁxmag-¢@Qﬂdi@m.apﬁﬁ3ﬁﬁwwl¢¢F¢I@in%2¢9 when
a video object plane 731 is set _as a portion of a frame 730, |abels cannot
20 be det er MR ok BIRANELD REHYH EAQAUHOT | 2Fol T, R/ GRRRNSaion

However, at the ti of encodi ng the next frang,
C{E%uit(%as a é%mory for storing a previous decoded

5 video signal, and generates the motion estimation/
compensation signal in accordance with the decoded
video signal stored in said memory and the motion
vector signal.

3. An alpha-map encoding apparatus according to

10 claim 1, wherein said first down-sampling circuit
receives the alpha-map signal in units of M x N pixel
blocks (M: the number of pixels in the horizontal
direction, N: the number of pixels in the vertical
direction), and encodes the alpha-map signal in units

15 of blocks.

4. An alpha-map decoding apparatus comprising:

a demultiplexer for demultiplexing an alpha-map
code and a size conversion ratio information code from
an encoded alpha-map signal;

20 a binary image decoder for decoding the alpha-map
code to a binary image;

an up-sampling circuit for up-sampling the binary
image as the alpha-map code output from said binary
image decoder in accordance with the size conversion

25 ratio information code, and outputting the up-sampled
image as a decoded video signal;

a motion compensation circuit for generating a



bl ocks outside the video object plane 731 may be used as a reference bl ock,

and any | abel s nust be inserted. FlI anpl e wherein a

pr edet er mi ned 25 value, "0" in m‘mmmmumumrted i nt o unl abel ed
portions in FIG 52A. FIG 52C shows an exanpl®e Wwhefein | abels for

unl abel ed portions in FIG 52A are 142 obtai ned fromthe video object

pl ane by extrapol ation. This nethod is effettbve when an object is likely
to appear in the next frame in a portion where no object was present in the
previous frame like in a case 5 wherein the object noves largely or its
shape changes abruptly. FIG 52B shows an exanple wherein | abels for

unl abel ed porti omtipr-|cempERs addone spgn@iingn chenlbasd spardt izorprsvipud deo
obj-ect plane 732 of the next frane 10 are obtai ned by extrapolation in
the menory space dsicadesl [visigo mdmmal 208l aga@tdiorevesdal Grignals ragid
overwritten. In this way, |labels of the frane two or nore frames before the
current frane can be sEPTIrSAUREING giropsit for downyRamRWT A s of t he

previous frame are t.o be . . , . .
motion compensation signal in accordance with the size

5 conversion ratio information, and outputting the
down-sampled motion compensation signal to said binary
image decoder,

wherein said binary image decoder decodes the
alpha-map code in accordance with the motion

10 estimation/compensation signal and the size conversion
ratio information.

5. A video encoding apparatus comprising:
an alpha-map encoder having
an input unit for receiving a plurality of

15 alpha-map signal blocks obtained by dividing an
alpha-map signal representing an object shape in units
of M x N pixel blocks (M: the number of pixels in the
horizontal direction, N: the number of pixels in the
vertical direction),

20 a frame memory for storing a decoded signal of a
frame including a decoded signal near a block and a
decoded signal of a frame which has been encoded in
association with the alpha-map signal,

motion estimation/compensation means for

25 generating a motion estimation/compensétion value using

the decoded signal of the frame which has been encoded

in said frame memory,



used in prediction, for exanple, neither extrapolation nor insertion of
predeterm ned val ues are done, and the video object plane alone is updated
i-n the nenory space, in addition to the above net hods. 20 A | abe
prediction nmethod us ' conversion ratio (CR) of a franme is
switched in units of ﬁmpﬁ@i”'ﬂ Mﬂeen descri bed above with reference to
FIGS. 37A to 37D, wi | wal yed.pel ow. 176G 53 shows an exanpl e of the

down- sanpl i ng 25 process i.e., when the previous frame has "CR = 1"
and the current frane has " = 1/2". In this case, there are four bl ocks
MB2 to MB5 in the previous frane 143 corresponding to, e.g., a macro

bl ock MBL as the bl ockeapsbéoenssdedconvensiogr rehtinRramamagebdn units
down-sanpl ed, as shown in FIG 53 (see FIG 54). Mre specifi-cally, the
macro bl ocks MB20ENMB3ockB4, and MB5 iR the previous 5 frame becone the
macro bl ock MB1 after down-sanpling. Assumng that (x, \y) represents, the
address of the macro BP88R £BI GPCPHéHSUPréhFefF&ﬁﬁerFHQHaHéFé§sé§ §idehe
bl ocks MB2 to MBS of the reV|oHs frame are (2x, 2y), (2x+1, 2y), (2x,
2y+1), and (2x+|%n§9¥T?tl n,

5 binary image encoding means. for encoding
g :

™

down-sampled binary images in units of blocks,

wherein said alpha-map encoder selects a decoded
image of the block from one of a decoded value obtained
by replacing all values in the block by one of binary

10 values, the motion estimation/compensation value, and a
decoded value obtained by size conversion in units of
blocks.

6. A video encoding apparatus comprising:
an alpha-map encoder having .

15 a video block input unit for receiving a plurality
of video blocks obtained by dividing a rectangle area
including an object in units of M x N pixel blocks (M:
the number of pixels in the horizontal direction, N:
the number of pixels in the vertical direction),

20 a frame memory for storing a decoded signal of a
frame including a decoded signal near a block and a
decoded signal of a frame which has been encoded,

motion estimation/compensation means for
-
generating a motion estimation/compensation value using

25 the decoded signal of the frame which has been encoded

in said frame memory,

means for size-converting a binary image in units



10 The coefficient "2" in this case is given as the ratio of the
val ues of the size conversion ratios S and current frames.
Upon prediction in encoding of the Ialmmﬂ N{Imﬁmw it is proper to
use the | abel of one of the 15 bl otks MB2, "MVBS, WBA and MB5. In this
case, sone determ nation nethods are avai | abl e. The simpl est method with
the smal | est cal cul ation anount is a nethodi®? using the | abel of a bl ock

| ocated at a predeterm ned position (e.g., upper left) 20 of the four
bl ocks. Alternatively, when the four |abels include the same ones, the

majority | abel can be used as a prediction value, thus inproving the
accuracy of prediodt kdwck@en the nunmbers of | abels having identical 25

contents are equal to each other, i.e., two pairs of |abels have |dent|ca
contents, the order ofM@alelfPn Sneading edize AANFRLS iGN (TR RS Tide
hi gher appear ance 144 frequencies, and a higher-order |abel is selected

as a prediction VALGEMARHER 5 rectangle vi deo object plane CAis set in the

frame, if coordinate %§es havj n
inary ima e encodlng means for encoding

5 down-sampled binary images in units of blbcks, and
meaqifgpn changing an encoding. order of binary
image‘gg;oding in the block,
wherein said alpha-map encoder selects a decoded
image of the block from one of a decoded value obtained
10 by replacing all values in the block by one of binary
values, the motion estimation/compensation value, and a
decoded value obtained by size conversion in units of
blocks.
7. A video encoding apparatus according to
15 claim 6, wherein said binary image encoding means
selects one of a plurality of encoding methods in
accordance with switching information, and encodes and
supplies the switching information.
8. A video encoding apparatus according to
20 claim 6, wherein said alpha-map encoding means has
Tiifﬁ/fg;,size—converting the rectangle area including
the object, and means for encoding the size conversion
ratio as side information, and uses the down-sampled
rectangle area as an object to be encoded.
25 9. A video decoding apparatus comprising:
an alpha-map decoder having

a frame memory for storing a decoded signal of a



corner of the video object plane CA as an origin are 5 used, the
boundary of a block (the nmacro block to be encoded) in the current frane
overlaps that of a macro block in the reference frame, as shown in FIG 54.

However, when the position is allowed to be set in the ded
at a step smaller than the width 10 of a macro bl OCE@W HH uaﬂ Hﬂl
axes having the corner of the franme as an arigin are used, L r

of blocks do not normally overlap each other, and a total of nine macro

bl ocks MB6 to MB14 can be referred to, as shown in FIG 55. 15 In
this case, the | abel of the macro block MB10, which is entirely referred
to, is used. FlIGfrsfeshondudingxangeeodidr eigngienprevirobdotkamandad a si ze
conversion ratio CR = 1/2, and the current frane has a size conversion
ratio CR = 1. |ndggoded shignadaod, aadeaededbEsernenBlo refers to the | ower
right portion to a macro block MB15 in the down-sanpled frame. At this
time, the |abel of th&GHGEk CORPSISRE PR Teé@sadox FEBretiay PaMed 1wy
since the portion to be referreg to is alsg cl.ose to bl ocks MB16. to NMB18,
the 25 | abel §OBPeNFELdOR BeR¥enHF 100s5hBedeaRERY RLNEINSTJENS i on, and

the predicyion valye my be detepnined by, du ohNG RLLAS RLGRL, i Ority
means for size-converting binary images in units
of blocks, and
binary image decoding means for decoding
down-sampled binary images in units of blocks,

10 wherein said alpha-map.decoder selects a decoded
image of the block from one of a decoded value obtained
by replacing all values in the block by one of binary
values, the motion estimation/compensation value, and a
decoded value obtained by up-sampling the down-sampled

15 binary image.

10. A video decoding apparatus comprising:

an alpha-map decoder having

a frame memory for storing a decoded signal of a
frame including a decoded signal near a block, and a

20 decoded signal of a decoded frame,

motion compensation means for generating a motion
compensation value using the decoded signal of the
frame which has been decoded in said frame memory,

means for size-converting binary images in units

25 of blocks,

binary image decoding means for decoding

down-sampled binary images in units of blocks, and



145 the like, as described above. FIG 57 is a block diagram show ng an
exanpl e of the arrangenment of a decoding apparatus of the present

i nvention, which uses labels in pred ﬂnm uu)llllulalw)ull Th| s decodi ng
apparatus conprises a | abel decoder 717, reference bl ock
determnation circuit 718, and predlctlon circlitt 720. OF these circuits,
the | abel decoder 716 decodes | abel data frenpi nput code data to be
decoded. The 10 | abel menory 517 stores the decoded | abel data. The
reference bl ock determ nation circuit 718 executes a process for

determ ning, as a reference block 719, a block, which is |ocated at the
sane position as the ansatedfde ckangindiea plevodirsg foxder db binary The
prediction circuit 720 has a function of obtaining a prediction value 722
on the basis of alnagse|derdigfig tite prisddddus frane and the reference bl ock
719, and supplying it to the Iabel decoder 716. In the decoding apparatus
with the above 20 whergieremid alPar deredestFeer a2 sdeerdedt o be

decoded is input to the | ahel .decaoder 716, and_ | abels are decode
P image of the block from one of a decoéid value obtained

5 by replacing all values in the block by ohe'of binary
values, the motion estimation/compensation value, and a
decoded value obtained by doing size conversion in
units of blocks.

11. A video decoding apparatus according to
10 claim 10, wherein said alpha-map decoding means has a
plurality of types of binary image decoding means
having different decoding methods, and selectively uses
these means in accordance with switching information.
12. A video decoding apparatus according to
15 claim 10 or 11, wherein said alpha-map decoding means
comprises means for up-sampling the rectangle area
including the object, and up-samples and decodes a
down-sampled rectangle area.
13. A video encoding apparatus comprising:
20 means for setting an area which includes an object
and is expressed by a multiple of a block size, and
labeling means having means for dividing the area
into a plurality of blocks, said labeling means
assigning labels unique to modes to the blocks;
25 a memory for holding the label information and a
size of the area in units of frames;

size changing means for changing the label



On the other hand, the | abel nmenory 717 stores the | abels decoded so far.
The reference bl ock deter- 25 mnation circuit 718 determ nes the
reference block in the sane nanner as described in the encoder, and
supplies it to the prediction circuit 720. A so, the 146 prediction

circuit 720 obtains thﬁ‘ﬂlﬁmucullﬁuujﬁme 722 on the basis of the label 721
of the previous frane ocdo 719 in the same manner as in
the encoder, and sends ft $o'thd | &bel decoder 716. The 5 | abel decoder
716 smﬁtches decodi ng tabl es using the prediction value 722, and decodes
and outputs a | abel 723. Upon encoding a node "Mh, v, t)" (h, v, and t
represent the coandbmrabeiaxestometinénheaidontabryl@n corvespondencend tine
directions) of a certain block, an encoding table is selected with
reference to "M with g, sipé, o'fMar, ayed, of) &, cuienty framg)" andnd t he |ike.
The nodes used herein may include some notion vector information used in
nmot i on conpensation, &ndemexylFor hOfldIlm@\Mlﬁ@eriod@fma(ttl@rb@fr@ferred to

as node set A hereinafter) nay be ed.
decoded block near the block of interest,

5 wherein the label information of the block of
interest is encoded using one of the label information
supplied from said size changing means and the label
information of the block near the block of interest.

14. A video decoding apparatus comprising:

10 an input unit for receiving encoded data obtained
by encoding, in units of blocks, an alpha-map signal
together with modes in units of blocks;

a memory for holding label information of the
encoded data and a size of an area in units of frames;

15 size changing means for changing the label
information stored in said memory in correspondence
with a size of an area of a current frame; and

a memory for holding label information of a
decoded block near the block of interest,

20 wherein the label information of the current frame
is decoded using one of the label information supplied
from said size changing means and the label information
of the block near the block of interest.

15. A video encoding apparatus comprising:

25 an input unit for receiving an alpha-map signal as

information for separating an image into an object area

and background area of the image;



[ Mode Set A] (1) "transparent” (2) "opaque" 20 (3) "no update

(notion vector 0)" (4) "no update (notion vector !'=0)" (5) "coded" Note
that both (3) and (4) in node set A are copy nodes. However, (3) in node
set A neans that the 25 notion vector is zero, and (4) in node set A

means t hat theJﬂHlﬂﬂuﬂ' other than zero. In case of (4) in node set
A, the value o ﬂﬂumluam,o must be 181147 separately encoded.
However, in case of (8) "nsnode set A no notion vector need be encoded.
When the notion vector is likely to be zero, if node set Ais used, a total

of the nunbers of encoded bits of the 5 nodes and noti on vectors can be
reduced. In this exanplegnsi ffoal Isetthidng xelvidew abjlectk pdlemnsi méidcdis " no

update (notion vector == 0)" are, e.g., opaque, an identical .decoded i mage
can be obt ai ned nnCéMﬂﬁéranDijezr oend( 35 skpvessTdabyi 8 MupsiplrRo@dsal0
need not be selectively used. Simlarly, when all the
block size;
means for dividing the plane into a plurality of
5 blocks;
labeling means for assigning labels unique to
modes to the blocks;
storage means for holding the labels or the
alpha-map signal in units of frames;

10 determination means for determining a reference
block in a previous frame corresponding to the block to
be encoded of a current frame;

prediction means for determining a prediction
value on the basis of at least the labels or alpha-map

15 of the previous frame stored in said storage means, and
the reference block; and

encoding means for encoding label information of
the block to be encoded using the prediction value.

16. A video decoding apparatus comprising:

20 an alpha-map decoder having

a frame memory for storing a decoded signal of a
frame including a decoded signal near a block,

means for size-converting binary images in units
of blocks, and

25 binary image decoding means for decoding
down-sampled binary images in units of blocks,

wherein a block is up-sampled with reference to a



pi xel's in a block obtained as "copy (notion vector 0)" are transparent, (1)
and (3) above need not be selectively used. In view of this, the foll ow ng

node set is prepared: 15 [ Mode Set B] (1) "transparent” (2)
"opaque” (3) "no ate (notion vector 1= 0)" (4) "coded" 20 Step
Al: If all nDtionTgi uﬂﬂg!HMﬂﬂgmﬂﬂnsation | mages obtained in "no update
(notion vector == the contygp advances to step A3; -

ot herwi se, the control advances t'o step A2. Step A2: If all notion
estimati on/ conpensati on 25 | mages obtained in "no update (notion vector
== 0)" are transparent, the control advances to step A4; otherw se, the
control advancesd@@0§6@pvﬁaue ofl148 SﬂepaAS'eMbodH@?blbck?)" to be referred

todis "no update (notion vector == 0) "M*, *, *)" is replaced by
"opaque". The controﬂ7advénaé§epod§F@§lA@ appaFasms [compyising: *)" to be

referred to is "no
an alpha-map decoder having

an input unit for receiving M x N pixel encoded
5 video blocks (M: the number of pixels in thg horizontal
direction, N: the number of pixels in the vertical
direction) including an object,
a frame memory for storing a decoded signal of a
frame including a decoded signal near a block,

10 means for size-convérting binary images in unité

of blocks, and
binary image decoding means for decoding
down-sampled binary images in units of blocks,
wherein said alpha-map decoder has a function of

15 executing a process by switching whether a process is
done with reference to a decoded value of an already
encoded block or a process is done without referring to
any decoded value in an up-sampling process of a block.

18. A video encoding apparatus comprising:

20 a video block input unit for sequentially
receiving a plurality of video blocks obtained by
dividing a rectangle area including an object in units
of M x N pixels (M: the number of pixels in the
horizontal direction, N: the number of pixels in the

25 vertical direction);

means for down-sampling blocks of an alpha-map

signal as a binary image representing a shape of an



5 * update (notion vector == 0)", "M*, *, *)" is replaced by
"transparent”. The control advances to step A6. Step A5:. After "Mx, y, n)"
i s encoded using an encoding table of nobde set A encoding ends. Step AG6:

After "MXx, y, n)" is encoded using an 10 encodi ng t ,
encodi ng ends. Wien an algorithm (FIG 58) that fquiIIsj ﬁ“&!ﬂ aﬂigll
used, a plurality of nodes can be preventedig3 om bei ng preparedc *
i dentical result, and the nunber of encoded bits of node information of
bl ocks 15 can be reduced. This is because the average code length of a
code for switching four nodes (node set B) can be set to be shorter than
that of a code f®biswitt dioi Ag2m (@ modes Yrm2de 3set- -A)). iFHokekdy the nce the
met-hod of switching node set A alone in units of blocks 20 . slight]y
i ncreases the calb@Rigondalamschveaitd cedmsiiyeciigns wiaeasdhpdasd it ™ case
usi ng node set A alone, it is used when that .increase does_not pose any
probl em A decoding prRass NAstdyhidfe SR1FATRIEM i ibite ¥ node set” A or
B by the sane al gorithm.as tq%% shown 25 i tE%Iflom/chaLt.in FI G 58,
and execut es decol TETRIIRY (HE GSVRT AANEdFaiilochs ARG PR ShA ner
algorlthnlghat C%%fﬁg”ﬂ'}or rate-control upon encoding,
said up-sampling circuit comprising
a memory for holding a decoded value near the
block of interest,
means for obtaining a reference pixel value by
10 down-sampling the decoded wvalue held in the memory to
1/2n in accordance with a down-sampling ratio of the
block of interest, and
up-sampling process means for attaining
up-sampling to an original size by repeating a process
15. for performing 2x up-sampling in both the horizontal
and vertical directions n times,
wherein said up-sampling process means always uses
the reference pixel value down-sampled to 1/2n.
15. A video decoding apparatus comprising:
20 an up-sampling circuit for up-sampling binary
image blocks which are down-sampled to 1/2n (n = 1, 2,
3, ...) in both the horizontal and vertical directions,
said up-sampling circuit comprising
a memory for holding a decoded value near the
25 block of interest;

means for obtaining a reference pixel value by

down-sampling the decoded value held in the memory to



149 the sane effect as in the above rrentioned al gorithm In this case, the

node sets used are: [Mde Set (2) "no
update (motion vector == 0)" (3) H“ﬂ“t”ﬁ"' gmi lu ctor 1= 0)" (4)
"coded" [Mode Set D] (1) "opaque” update (notion
vector == 0)" (3) "no update (nDtlon vector 1= 0)" (4) "coded" The fl ow
chart in FIG 59 will be explained below StepBl: If all notion
estination/conpensation 15 i mages obtained in "no update (notion vector

0)" are opaque, the control advances to step B3; otherw se, the control
advances to step B2. Step B2: If all notion estimation/conpensation inmages
obtained in "no updamne ipngccomdeaceowith @) downespoplingt rasdpardnthet he
control advances to step B4; otherw se, the control advances t.o step B5.
Step B3: If "M*, Plock) ofi gngerpster 284 to is "opaque”, "M*, *, *)" is

"n dat e
replaced by "no up up-sampling process means for attaining

up-sampling to an original size by repeating a process
5 for performing 2x up-sampling in both the'hqrizontal
and vertical directions n times, said up-sampling
process means always using the reference pixel value
down-sampled to 1/2n in the up-sampling process.
20. A video encoding apparatus comprising:

10 a video block input unit for sequentially
receiving a plurality of video blocks obtained by
dividing a rectangle area including an object in units
of M x N pixels (M: the number of pixels in the
horizontal direction, N: the number of pixels in the

15 vertical direction);

setting means for setting, in the frame, an area
which includes and is expressed by a multiple of a
block size;

division means for dividing the area set by said

20 setting means into blocks;

means for prediction-encoding motion vectors
required for performing motion estimation/compensation
in the divided blocks:

a memory for holding a first position vector

25 indicating a position, in the frame, of an area in a
reference frame;

encoding means for encoding a second position



(motion vector == 0)". The control advances to step B6. 25 Step

B4: If "M*, *, *)" to be referred to is "transparent”, "M™*, *, *)" is
repl aced by "no update (nDtion vector == 0)". The control advances to step
b7. 150 Step B5: Af y, n)" is encoded using an encodi ng table
of node set A, encodlm ,ﬁlmm-ﬁm After "Mx, y, n)" is encoded using
an encodi ng tabl e of ing agks. 5 Step B7: After

"MX, y, n)" is encoded u5|ng an &ncédi ng tabl e of node set D, encoding
ends. As the node of a bl ock, encoding paraneters, for exanple, the block
si ze, bl ock down-sanpling ratio, encodi ng scan type, notion vector val ue,
and the like 10 vectpmyibdiratlinded posmtédsd. inAnhexénpme,inélGhEngreéan
type will be explalned bel ow. [Mbde Set E] (1) "transparent” .(2) "opaque"
15 (3) in" gbeypyame: (noti on vector == 0)" (4) "no update (notion
vector !'=0)" (5) "coded & horizontal scan"
a motion vector memory for holding motion vectors
of decoded blocks near a block to be encoded; and
5 means for predicting a motion vector of the block
to be encoded using the motion wvectors stored in said
motion vector memory,
wherein when the motion vector used in said
prediction means does not exist in said motion vector

10 . memory, a default motion vector is used as a prediction
value, and a difference vector between the first and
second position vectors, and zero vector are
selectively used as the default motion vector.

21. A video decoding apparatus comprising:

15 an input unit for inputting M x N pixel encoded
video blocks (M: the number of pixels in the horizontal
direction, N: the number of pixels in the vertical
direction) including an object;

means for decoding prediction-encoded motion

20 vectors required for performing motion estimation/

compensation in the blocks;

means for decoding prediction-encoded motion
vectors required for performing motion estimation/
compensation in a reference frame;

25 a memory for holding a first position vector

representing a position, in a frame, of an area in the

reference frame;



(6) "coded & vertical scan” Note that "==" indicates that the values of the
20 1eft- and right-hand sides are equal to each other, and "!="

i ndicates that the values of the left- and right-hand sides are not equal
to each other. As has been described above, according to the present
invention, the re Em t he previous 25 bl ock is used in
prediction. 1In t&ﬁt‘mwnwm ha-map it f may be used in prediction

i nstead of the la of the'reference block. Mdre specifically, 151 an
al pha-map may be stored in a nenory, and every time the node of each bl ock
is encoded, the node ("transparent”, "Multi", "opaque", or the like) is
determ ned, and an enmednsgfbabdecbsisgl ecsedond positisocweddmse W th the
nmode. In this way, a block separated by several pixels froma block used
upon encodi ng théndieatong arpaeitannpeinstlearameef efeavealbbeckn That i s,
the reference bl ock need not precisely overlap the bl ock used upon.10
encodi ng the prefkeus;frame, and prediction with higher accuracy can be

realized.
a motion vector memory for holding motion vectors

5 of corrected blocks near a block to be deéoded; and
prediction means for predicting a motion vector of
the block to be decoded using the motion vectors held
in said motion vector memory,
wherein when the motion vector used in said
10 prediction means does.not.exist in said motion vector
memory, a default motion vector is used as a prediction
value, and uses one of a difference vector between the

first and second position vectors, and zero vector.



On the other hand, prediction using an al pha-map of the reference bl ock and

that using a | abel may be conbi ned. 15 For exanpl e, an encodi ng
table is selected depending on "transparent™, "Miulti", or "opaque" using
t he al pha-map of the reference block, and for a block with "Multi", an

encoding table is selected using the |abel of the reference block. 20

As for the portion to be referred to in thelgrevious frane, a nethod of
usi ng notion vectors given in units of blocks may be used. More
specifically, a portion indicated by the notion vector of the already
encoded macro bl ock that neighbors the block to be 25 encoded is
extracted fromthe previous franme, ard Barb éhddiny Table is sel ected
dependi ng on whether the node of the extracted portion is " transparent”,
152 "Multi", or "opaqd& alphe-paPsEncodingnaPPrRradeas dmciusies- @aﬁpl@sgmal
that represents an object _shape and its Rosition in a franme so as to
separat e the bacREFBORETRAANGLFEEFULE $21) fPRedRWENSA™BL188c8®ing a frane

whi l'e dividing i215929map signal which represents the shape of an

5 object and the position in the frame of the.object at a
down-sampling ratio based on size conversion ratio
information, an up-sampling circuit (23) for
up-sampling the alpha-map signal at an up-sampling
ratio based on size conversion ratio information given

10 to restore the down-sampled alpha-map signal to an
original size, and outputting a local decoded alpha-map
signal, a motion estimation/compensation circuit (25)
for generating a motion estimation/compensation signal
on the basis of the previous decoded video signal and a

15 motion vector signal, a second down-sampling circuit
(26) for down-sampling the motion estimation/
compensation signal at the down-sampling ratio, a
binary image encoder for encoding the alpha-map signal
down-sampled by the first down-sampling circuit to a

20 binary image in accordance with the motion estimation/
compensation signal down-sampled by the second
down-sampling circuit, and outputting an encoded binary
image signal, and a multiplexer for multiplexing and
outputting the encoded binary image signal and the

25 up-sampling ratio information.



t he background and obj ect upon encoding an inmage. This al pha-map signal is
encoded together with encoded information of the image to forma bit

stream which is transmtted or stored. The fornmer one is used in 10
broadcasti ng or personal conputer comrunications, and the latter one is
subj ected to transactions as a product that stores contents like a nusic
CD. Wen notion video contents recorded ?5 a storage nedium are provided as
a product, encoded information 15 o? 'Qages and al pha-map signals are
conpressed, encoded, and stored in the storage nediumas a bit stream so
that a single mediumstores long-tinme contents to allow the user to enjoy
novies and the |ike. An exanpl g of a decoding systemfor a storage nedi um
that stores a 20 conpr e-
i mages will next be descri bed
wi || be explained using FI[G

ds the seventh enbodi nent. This enbodi nent
61. FIG 60 shows an exanple of the
format of a bitstream & at i on (shape node) bO, notion 25

vector information bl, siZ siJon ratio information (conversion rati o)
b2, scan type information (&can type) b3, and encoded bi nary inage
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153 information b4. In the present invention, upon decoding the encoded

bi nary image information b4, information bOto information b3 nust have

al ready been decoded. If the node information bO is not decoded 5 pri or
to other information bl to b4, other information cannot be decoded. Hence,

t hese pieces of information bO to b4 nust have the format in which the node
information is set at the head of thelﬁ) d?reanl and the encoded binary
frame image information is set at 10 q e end of the bit stream FIG 61
shows a system for decoding a video signal using a recording nmedi um 810
that stores the bit stream shown in FIG 60. The recordi ng nedi um 810
stores bit streans including the bit streamshown in FIG 60. A 15

decoder 820 decodes a video signal fromthe bit streans stored in the
storage medi um 830. A vi deod4Onformati on out put apparatus 830 it outputs a

decoded image. In thigs systgmw th the above arraggenent, the bit streans
are stored in { af( ] T the 20 format shown in FIG 60.
The decoder 83(\ de I i ed in the

a B na
storage medilum 810/ |Thal i BECOBERdecodpr 820 feads the bit streams fromthe
storage nedi)um 8 ia e 1, and|generates a decod¢d inmage in
the proced 34

INVERSE
vio > 10 |>oRTHOGONAL | —
T |TasroRien { J

{
33 s
35
FIG.2

| | - BINARY IMAGE |
~{oom SAMPLINGl—L—>22~ ENCODER - > :

23~ UP-SAMPLING




25 shown in FIGS. 62 and 63. Note that FIG 63 is a flow chart of the
"bi nary i mage decodi ng" step (S5) in FIG 62. 154 The contents process
of the decoder 820 will be explained with reference to FIGS. 62 and 63.
More specifically, node information is initially decoded (step S1), and it
is checked if the decoded node 5 i nformation corresponds to
"transparent”, "opaque", and "no updatg%gggteps S2, S3, $4). As aresult,
if the decoded node information is "tr rent", all the pixel values in
the macro block of interest are set at transparent values, and the 10
process ends (step S6); if the decoded node information is not
“"transparent" but i*opaque;--ali--ttre-prxel--values-in--the -macro--black of

interest are “at opaque valfies, and the process ends (step S7)§. If the
decoded node informafNon i ndither "transparent” nor "opaque" but 15
"no update", not8on t is informatijon i s decoded (stgp S8), notion

estination/conpebéa%io sjdone (step $9), the obtained notion

esti mati on/ conpensat i|o a*ué¥1s EfﬁKﬁ?’FﬂA&E 24facr o bl ok of inéeQest
o .

(step S10), :
§ DECODER UP—SAMELING g
43 P 2
FIG. 4
52 55 58
51 ) 54 z 57 ! 62
—L al MODE | ENCODER |
56 61
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63 69
62 ) 68 ) 71
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t hus ending the process. 20 On the other hand, if the decoded
node information is none of "transparent"”, "opaque", and "no update" in
steps S2, S3, and S4, the control advances to the binary inage decodi ng
process (step S5). The process in S5 is as showmn in FIG 63. It is 25
checked if "inter" coding is used (step S21). As a result, if "inter"
coding is used, notion vector informati Ogs decoded (step S25), notion
155 estimation/ conpensation is done (st 26), size conversion ratio
information is decoded (step S22), and scan type information is decoded
(step S23). Encoded binary information is then decoded (step S24), thus 5
ending the process. On the other hand, if it is determned as a result of
checking in step S21 that "inter" coding is not used, size conversion ratio
information is decoded (step S22), and scan type information is decoded
(step S23). 10 Encoded bi nary informeiton=is-themrdecoded (step. S24),
t hus endi ng the process. In thlsrnannew the.decoder 820 ide¢odes an i mage,
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and supplies the decoded frame inmage to the video information output
apparatus 830. Then, the decoded 15 frame image i s displayed on the
video information output apparatus 830. Note that the video infornmation
out put apparatus is, for exanple, a display, printer, and the like. In case
of the encoder decoder that conbines size 20 conversion in units of
frames and that in units s D .reas$j§p| n the previous enbodi nents, the
[ [ o i n un of frames nust be decoded prior
to the bit streamin units of¥smal|l areas shown in FIG 60. Hence, the code
| 1frames is |ocated before
all the bit streass a0 sea@e=d N t hat frane. 156 As
descri bed above—wher—a—+etioh—-deo—and al pha-map signal as the
npressed aﬁﬂléﬁﬁ&ﬁ%d and thereﬁaoded i nformation is stored
as bit streans Tn ( di ng systemfor 5 t hat
st orage nedi umfcan be prOV|dqﬂ An enbodlnengvgﬁ§ociated with prediction
codi ng of

v
IF b1 IS DETECTED
THEN
Vertical_pass_mode=FALSE [~S4
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the notion vectors will be explained bel ow as the eighth enbodi nent. FIGS.
19 and 20 show the framework of the present 10 invention. In FIG 19,
a notion vector detected by a notion vector detection circuit 178 is
supplied to and encoded by an W encoder 179 via a signal |ine 107. The
encoded notion vector is supplied to a VL(Jerr]nmultiplexing circuit 180,
and is nmultiplexed with 15 ot her egygﬁed information. The multi pl exed
information is then output via a line 3“I'n FIG 20, notion vector
information bl demultiplexed by a VLD denultiplexing circuit 210 from
encoded information supplied via a signal line 8 is 20 decoded into a
notion vector signal by a notion vector decoder 290. This enbodi nent is
associated with the MV encoder 179 and the vector decoder 290. In general,
since the notion vector signal pas strjong ¢orrel ati on between

nei ghbori ng bl ocks, the noti

: S-ong rediction coding to
renove such correl ation. 157/ /ZV//I//;////AH di ct ding t
777
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x1 | x2 | x3
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FIG 64 is a view for explaining an exanple of prediction coding of the
notion vectors. In FIG 64, rectangle w ndows indicate macro bl ocks, and a
rect angl e wi ndow whose background is 5 i ndi cated by a dot pattern
corresponds to the block to be encoded. If MWs represents the notion vector
of this block to be encoded, a notion vector MVsl of a macro bl ock

i mredi ately before the block to be enc9gsﬁ (the left neighboring block to

t he bl ock to be encoded 10 in FIG , a nmotion vector MVs2 of a macro
bl ock i nmedi ately above the block to be encoded (the upper |eft neighboring
bl ock to the block to be encoded in FIG 64), and a notion vector Ms of
the right neighboring block to the nacro bl ock i medi ately above 15 t he
bl ock to be encoded are used so as to obtain a prediction vector MV/Ps for
the block to be encoded. In this fashion, the prediction vector MPs for

the notion vector MVs of the block to be encoded is normally obtained using
the notion vegtors M/s1l M/s2_ 20 and MJs3 of the bl ocks surroundi ng

the bl ock to pe encoded. Hoghexgdpl g3 hogPzogal &d |vVEONTEAT NUMBEReht s

MVPsh and MVPe—v_of M/Ps gre obtained by: M/Ps h = Mdi an( Mslh — Ms2{ h,

M/s3_h) 25 dh = Median(Mslv, Ms2 v, WWs3 v) i
WY
4, /7 o 0 0 0 0 O 0
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where "Median ()" is the process for obtaining the central value of the

values in "()", and the horizontal 158 and vertical conponents of a
notion vector Msn (n = 1, 2, 3) are respectively expressed by: MWSsn h,
Mvsn v As anot her exanple of obtaining the prediction 5 vector MVPs, it
is checked in the order of Mvsl, Ms2, and MVs3 if notion vectors are
present in the individual blocks, and t tion vector of a block from

whi ch the presence of a notion vector i tected first is deternmined to be
MPs. 10 FI GS. 65A and 65B show an exanple of frane imges Fn-1

and Fn at times n-1 and n, and video object planes CAn-1 and CAn in these
frames. In this case, when the bl ocks around the block to be encoded are

t hose which do not include any object, no notion vectors are 15 pr esent
in these blocks. Also, in case of a block subjected to intra franme coding,
no notion vector is pr&ent_in thafbbl ock. For exanple, ifggone of Mvsl,
M/s2, and Mvs394re present,54 defadlt val & (vector) is usgd as theg?
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20 predi ction vector MPs. Wen the notion of an object is small, "zero
vector" as a notion vector = zero may be used as this default val ue.
However, when the notion of the position of an object within the frane is

| arge like in 25 transition fromthe frame shown in FIG 65A to the
frame shown in FIG 65B, the notion vector cannot be accurately predicted,
and the encodi ng efficiency drops. ézgoThe present invention is
characterized in that a difference vec "of fset"” between vector

"prev_ref"” showin FIG 65A and vector "curr ref" shown in FIG 65B, and
"zero vector" are adaptively and 5 selectively used as that default

val ue. Note that "offset" is obtained by: offset = prev ref-curr ref

Swi tchi ng between the default values "offset"” and "zero vector” nay be done
as follows. For exanple, an 10 error value between the objects at timnes
n and n-1 obtained based op the coordinate axes of the franme is conpared
with an error val ue betwe the objects at tines n and n-1 obtai ned based
on the coordi nate axes
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of the video object plane, and if the fornmer value is 15 | ar ger,

"of fset" may be used as the default value; if the latter value is |arger,
"zero vector" nmay be used as the default value. In this case, 1-bit side
information nmust be sent as switching information. Sw tching between

"of fset" 20 and "zero vector" as the default value of the prediction
val ue of the notion vector can be sinilﬂéyq%applied to prediction coding of
the notion vector of texture information: e detailed arrangenents of the

MW encoder 179 25 shown in FIG 19 and the W decoder 290 shown in FIG
20 will be described below as the ninth enbodinent. FIGS. 66A and 66B are
bl ock di agrans show ng an 160 enbodi nent of the MW encoder 179 and its
peripheral circuit in the systemshown in FIG 19. FIG 66A shows a default
val ue operation circuit as a peripheral gircuit, and FIG 66B shows the W
encoder 179. 5 The default val up operation circuit as the

peripheral circuit shown in FIG 66A &Perates any position shift of an
object in the franme at the.current | ...
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timng when viewed fromthe previous timng on the basis of the process
frames at the current and previous 10 timngs in terns of the object
area, and conprises a video object plane detection circuit 910, default

val ue determ nation circuit 911, plane information nenory 912, offset
calculation circuit 913, and selector 914, as shown in FIG 66A 15

A signal line 902 is a signal line foq1gqﬁptting frame data at the current
timng, corresponds to the signal |ine I'n the system shown in FIG 19,
and is used for receiving the frame data at the current timng input from
the signal line 2 as an input. A signal 20 line 902 in FIG 66Ais a
signal line for supplying the previous timng frane data held in the frame
menory 130, and the-f+ane-dat-a-at, the previous ti-m-ng--s--ecei-ved fromthe
frame menory 130 vira+-this—shgha: ' e —h '
line for outputting-4+ag-25i--i--4-4; : i

determ nation cirigqi-t--RLL.i.a-5igdal |ine 904 iis-lai-s)gndl-id-l-ne-Jf or suppl yi ng
i nfformati on of a i .d"dﬂ#@@thidne CAn from uZ1ipli-the-vi-teo-

det ection circyj ty ingd..3 e chbocond
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signal line 906 is a signal line for supplying position information of a

vi deo obj ect plane CAn-lI read out fromthe plane information nmenory 912. 5
The video object plane detection circuit 910 detects the size and position
i nformation VCO of the video object plane CAn on the basis of the video
signal of the current timng frane Fn-1 supplied via the signal |ine 901,
and supplies the detection result to 18 50 the default val ue determ nation
circuit 911, plane information nmenory %é, and offset calculation circuit
913 via the signal line 904. The plane information nenory 912 is a nenory
for storing the information of the size and position of the 15 vi deo
obj ect plane CAn-1, and stores the size and position information of the

vi deo obj ect plane CAn upon conpletion of encoding the frane at the timng
of time n. The offset calculation circuit 913 calculates a 20 vect or

val ue "offset" using the position information of the video object plane CAn
supplied via the signal line e4 and that of the video object plane CAn-1
supplied via the signal line 906, and supplies it to the selector 914. 25

The selector 914 is a circuit for receiving "zero vector" as a zero notion
vector value, and "offset"
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supplied formthe offset calculation circuit 913, and 162 sel ecting one
of these values in accordance with a flag supplied fromthe default val ue
determ nation circuit 911. The vector value selected by the selector 914 is

output as the default value to a selector 923 in the W 5 encoder 179
via a signal line 905. The arrangenent of the default val ue operation
circuit has been described. The arrang of the MV encoder 179 wll be
expl ai ned bel ow. 10 The W enc 179 conprises an W nenory 921,

M/ prediction circuit 922, selector 923, and difference circuit 924, as

shown in FIG 66B. @~fhese circuits, the M/ nenory 921 is a nmenory fpr
storing notjon.vect.oc . ijnformtion. s.uppl Led. from.the. 15 ... ... nDi.i.on..vecy or
detection circpid 17&\ia_aél.g.qal line 407 in FIG 19, and stores i on
\F/)regéogf g/xs'cr:] (qVEG*M’!’E'TI@L ¢§1$0P|@gk [ ' L.on ecto'f MWPs
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be encoded, which are supplied fromthe W nenory 921. If MWsn (n - 1, 2,
3) does not exist, the prediction vector MVPs cannot be nornally obtained.
Hence, the W prediction circuit 1792 has a function of outputting a 25
signal for identifying if the prediction vector MPs is normally obtained,
and has a nechanism for supplying this identification signal to the

sel ector 923 via a 163 signal line 925. The sel ector 923 receives M/Ps
supplied fromthe MW prediction circuit1§&B0 and the default val ue supplied
via the signal |ine 905, selects one of these 5 val ues in accordance
with the signal supplied via the signal |ine 925, and supplies the selected
value to the difference circuit 3&4. The difference circuit 924 is a
circuit for obtainpg a predicti error signal for the notion 10

vector. Mre specifically, tReircuit 924 cal cul ates the difference

bet ween t he not+on-ivectof--inf-oragt-i-on--suppl-i-ed-for-m-+-he-ABt-i-oA--veet or

det ection ciﬁcuit 178 supplied vila the signal |ine 107, and the M{Ps or
default val u¢ supplied via the s¢fector 923 —and - '
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15 outputs the calculation result fromthe MW encoder 179 as notion
vector information bl. The operation of the encoder with the above
arrangenment will be explained below. In FIG 66A, the video signal of the
frame Fn as a 20 video signal at the previous timng (frame data of the
frame at the previous timng), which is stored in the frame nmenory 130, is
supplied onto the signal line 901, and SFs video signal of the franme Fn-1
as a video signal at the current tinin& pane data of the frame 25 at
the current timng) is supplied onto the signal |ine e2. The video signal
of the franme Fn is input to the 164 default value determ nation circuit
911, and the video signal of the+ftape——+fenr]-1is input to the default

val ue determ nat | i roglt 91laanb /iCd chbject pl ane detection circuit
910. 5 *ﬁgé;4io obj ecT. plane ction circuit 910 detects the
size and position information V8o Jf thd vi deo obj ect plane CAn on the

basis of the video signal of the frame Fn-1, and supplies the detection
result to

i 4%2 l
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t he default value determnation circuit 911, plane 10 i nformation
menory 912, and offset calculation circuit 913 via the signal line 904. On
the other hand, the default value determination circuit 911 conpares the
error amount between the frames Fn and Fn-1 with that between the video

obj ect 15 pl anes CAn and CAn-1 using the information of the video

obj ect plane CAn supplied fromthe vid?e/g@ject pl ane detection circuit 910
via the signal line 904, and the size and position information of the video
obj ect plane CAn-1 supplied fromthe plane information nenmory 912 20

via the signal line 906. As a result of conparison, if the former value is
| arger, the circuit 911 determnes that "offset” is used as the default

val ue; otherwise, it determnes that zero vector is used as the default
value, and outputs flag informatijgn for identifying if1§5 "of fset" or
zero vector is used as the default value via the signal |ine 903. The flag
informati on output fromthe def gy : 65 @Mation circuit 911
via the signal line 903 is multipl ect plane layer in

t he data
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format shown in FIG 51 together with the size and position information of
the video object plane CAn 5 output fromthe video object plane
detection circuit 910 via the signal line 904. After that, the nultipl exed
information is subjected to transmi ssion or storage in a recordi ng nmedi um
On the other hand, the plane information nmenory 10 912 is a nenory for
storing the size and position |nfornat 7? ef t he video object plane CAn-1,
and stores the size and position information of the video object plane CAN
upon conpletion of encoding at tinme n. The offset calculation circuit 913
cal cul ates a 15 vector value "offset" using the position information of
the video object plane CAn supplied via the signal line 904 and that of the
vi deo obj ect plane CAn-1 supplied via the signal line 906, and supplies it
to the selector 914. 20 The selector 914 selects, as the default
val ue, one of "offset" and zer BAGKGROUNDn accordance with the flag supplied
formthe default value determndtion circuit 911 via the signal |ine 903.
Tmsdmamtvmueosoaom.ccu;@n@ojoygeooa. encoder 25

179 via the signal 000(‘0"01‘000@&0 Pﬁﬂl.{’ﬁ" @® FIG 66B receives
the motion vector nanoorcnemenmoa»mm’ !

0000000000000000
00000.0000000

OBJECT

..O.Q..OQ.?.OC

Fl G _ 2 4 A D/DOWN—SAMPL ING

OBJECT

.

ooogob

BACKGROUND

Yelelelole
600000
' X 10]0J0]0,
000000
e00000
‘XX N X JO
000000

!
\

<

FI1G. 248



166 signal line 107, and supplies it to the W nenory 921 and difference
circuit 924. The MW prediction circuit 922 receives the notion vectors MWSsn
(n- 1, 2, 3) around the block to be 5 encoded fromthe W nenory 921,
and obtains the prediction vector MPs. In this case, if MVsn (n - 1, 2, 3)
does not exist, since the prediction vector M/Ps cannot be normally

obtai ned, the circuit 922 generates a qggggl for identifying if the

predi ction vector MWPs 10 is normal I'y obtai ned, and supplies that
signal to the selector 923 via the signal line 925. The sel ector 923
selects MVPs supplied fromthe M/ prediction circuit 922 or the default

val ue as the output on the signal |inesr90z gor-dance wth the 15
identification signal supplied via thel sig dbF, and supplies the
selected value to the difference circuft 9 gr{ference circuit 924

cal cul ates the prediction erlog s'E%SaI of ' ector, and the 20
calculation result is output a on| ve 28

ion bl fromthe W
encoder 179. ’O

FIG. 2BA( oo
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The process contents of notion vector codi ng have been descri bed. The
decode process of the notion vector encoded in this way will be expl ai ned
bel ow. 25 FIGS. 67A and 67B are bl ock di agrans showi ng an

enbodi nent of a decoder that realizes the present invention, i.e., show ng
t he principal part arrangenent 167 for decoding MV encoded data and
showi ng an enbodi nent of the W decodquggg and its peripheral circuit in
the systemshown in FIG 20. FIG 67A shows a default val ue operation
circuit as a peripheral circuit, and 5 FIG 67B shows the W decoder
290. The default_val ue_ operation circuit as the peripheral circuit shown in
FIG 67A corrprig'se% a plgme informagion menory 1010 of fsef calculation
circuit 1011, and sel ector H@l?. Bf erence nun®ral ;f 01 19 notes a
signal line fory sugplying flagiinformation used fon identigyi ng the

sel ected default valuey whiph information is included in ag upper iayer in
transmtted encod dat@ or ®ata sPored in anderead t feoma or age
medi um and 100::2, a signdp4line for 15 suppl yi r'lg heXpgsi tidn

i nfformation of ithe pl gne &1@ :
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i ncluded in the upper |ayer of the transmtted encoded data. These signal

| ines correspond to 1003 and 1004 in the encoder side. Reference nuneral
1003 denotes a signal line for 20 supplying the position informtion of
the plane CAn-1; and 1004 is a signal line for outputting a default val ue.
The plane information nmenory 1010 is a nenory for storing the position

I nformati on of the plane CAn-1. 25 29?@ of fset calculation circuit 1011
cal cul ates a vector value "offset” usin Re position information of the

pl ane CAn supplied via the signal |line 1002 and that of 168 the pl ane

CAn-1 supplied via the signal line 1003, an@ uppliZzs the cal cul ated vector
val ue "offset"” to the selector 1012. The s Ig ry, 1012 sel ect d¢qut put s
one of zero 5 noti on vector val ue givgﬁ ce, andig yggtor
ti i\
' %E St ed
X Ks

val ue "offset" supplied tq the_offset cal rcyit 1

1
corresponding to the flag X ?‘o’r‘@l?(qf J%@’d\t E@iﬂ’ﬁ@)ﬁ A
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and

290. The arrangenent of the default val ue
1100

and W

i ne 1004,
1101
and outputs the

and the default

t he adder
adds the two val ues,

tron bl as the prediction error

MW prediction circuit 1103,
56 circuits,

4

of the notion vector of the block to be decoded,

val ue supplied via the selector

2

descri bed bel ow. The M decoder
i nfor

be 15
1101, selector 1102,
noti on vector
1102,

1100 will
as shown in FIG 67B. O

recei ves the 20

si gnal

1012 is output as the default value onto the signal

I's supplied to the W decoder
operation circuit on the decodi ng side has been descri bed. The arrangenent

of an MW decoder
conprises an adder
menory 1104,

10

c
o C
N .- 0
— W
< O O
O w .—
) . k4 1 i 1 - -— [ 1 L] I “ =)
— 00 o . " " _ . DR OO OO ORD ORD O O
V“r O “ “ “ “ “ " ] - .l - - ) “ -~ “

' H H H : : 00 "00 .00 \ QU\ :Qw \u
uwnmpm ! ! ' m m m A ” A w" A V" vm \m VLN N ’ " ......
A N R Fromooe i s ey I PEES T TRy I T Y 1 1 o

— ! ! ! H H H r~,~.z~a~;~4~—~,\rxa\a\—\. ~(\.’(\ ...\
mt" m m m m m m - \l,“ \la“ FARRY \lr“ \I," sl‘“ \)," T
pEpRs ¢+ b ®C"®, HQ QIR QD
=i R = [ TR [ [ Locemman dommmma=] FTea- Teae .l T dustead = ru...lnu:n.u.“uﬂ.lu..uht"...h ||||| B T
nlw. =TI H H H H H S TN TN AT TN TN T Ty P TN 1T TN T Ty T
D O = : ' ' 1 ' ANy flJr.k VLTI I SN N PN I NN N
h [} . 1 ) 1] ¥ " “ H H H o -
po=igE L L i ] IR YRl T e B - T
1] ’ ] 1] L] N ' H <! -

E h’lll -E |||||| Fomrmma. U Frmeem—— LI [ I" llllllllllllllll -" IIIIIIII “» lllllll b Sndoindadaded -Iﬂ “pmmmmne. g ————— -I||I-'||\IIIJIHUI|||-'||
dE - N SRS OO OIDTOIETOD G OI0 D
1 L} L t 1 L} L] — — " - - H ‘ -~ H - -— N — —~— " - ~ H - — ' - -

b f e H H " u | H bl ) bty | ~t ! bt} - st -
nwotmm " " ; " m m QR R« x®ﬂ iz K VL“®“-V",®A-V;“®"-“

H - WU SEUSPIPIION SUPIUPIRE Jupnrusivs R Sr-rAe Erdemrmamce bt m—— e denmmn Ay i - an. ||||||| h PR |u|||||\u|
4_m__.2|p”d-0.:.-"r ....... .m |||||||| mi:u u" m. .m ), sI'TI‘ T T T T IVTIV V" mu wm

H 1 [] AR Mo AR Y :cl. NN .I
] g8 = ; : : " : Dy D ol e ; )
A . . . _ “ THA OIQ TR TR TR T O
q ' H H H H H H . Sl ' L ' [ '
e 1 ] . ' IR JEUINY (Y At B SN A Mg SR M PRy Ry PO Sy PP gt EPR AR iy PRyl
e e e R foeeeed Y TR O " SR T OO
- s H ! H H H [] f'\-’ -’ \- - 1 -~ - []
EZdooo | i i ?:; :®, OC@HRL w"®n-x,®ﬂ m®
llllllllllllllllllllllllll LIIIIIIII P lIlIllIIrIIIIIII e Y G T
uwunm e N L L" |||||||| m. ||||||| -m ----- "r L” YRS —s!'"\l¢ SaleTh eTAN e Ty 2T T TN
p L “© : i ' ‘ i s" (SIS J— PA_TIN_EN_FN_ TN s _s N
2 " “ n " “ “ R TR T Y, Yt \,;QW ~d
2LOPOIS S S ®--.\m.®..,.-n" ....... LA m@.,.-.\,".@.,...”. ....... \ ®
L.l....s- N A AL A T A T CoTTTT .m ........ ’ ,.m " “ N i sl," ’ .“
B — t \ H H H H 1 AP 237 L AU A A N2
H H 1 a L - L] [}
13- I I N R Y Y Yo Y Y Yo
+ mmm.mo m L"» ' \ ' 1 7 X ': LS 1 ’: N rH
— O S
SO0 O O
O C C o .
® =B o N
T OoOMmQa
n = ] ]
—_— O - @© G
£« O
55522 — —
OCoO0OwW.. S — — — —
4 e 4 T @ O
> > —
omMm O o ©
o (@)
EN E —_
> S5 .00mMm
n O ndo
[ — .
Nn.— O Il AN
—_——
h - T - -
= ~—~ e
T n >
co coll
m O 0 -
u:|nuW:|n
n n L O~




the bl ock to be decoded, supplied fromthe W nenory 5 1104, and
supplies it to the selector 1102. |In this case, when MVsn (n =1, 2, 3) is
not avail able, since the prediction vector M/Ps cannot be nornally
obt ai ned, the MV prediction circuit 1103 has a function of generating a

signal for identifying if the prediction 10 vector MVPs is normally
obt ai ned, and this identifi- cation si I's supplied to the selector 1102
via a signal line 1105. The selector 1102 1s a circuit for receiving the
default value supplied via the signal |ine 1004, and 15 the prediction

vector MVPs supplied fromthe W prediction circuit 1103, selecting one of
t hese val ues in accordance with the identification signal supplied via the
signal line 1105, and supplying the selected value to the adder 1101. 20
The operation of the decoding side systemw th the above-nenti oned
arrangenment wll be explained below In FIG 67A a flag for identifying if
"of fset" or zero vector is used as the default value is supplied onto the
signal line 1001, and the position information 25 of the plane CAn is
supplied onto the signal |ine 1102. The position information of the plane
CAn supplied via the signal line 1002 is supplied to the plane

Q A Q) @ Q) Q) @ Q) @ ()
A x;xxgx x;:xxixx;:xxix x%x A
X X XXX TIXEX XX TX X XXX
O p O W : o o
ket | kiS5 L INTERPORATING PIXEL
bt O
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Q1 QU O, i O PO REFERENCE RANGE
TRk XK BI-L INEAR
________________ O xxxxix K™ INTERPOLATION
XiX_XiX_XiX_X| _ REFERENCE RANGE
_________ 9>_<_izs?>s.§-z<_?zsj.>.<.3._z<. 2
XgX XEX XEX X
x e x i x i x KO
X X XiX _XiX X
X xix?&ix i
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170 information nmenory 1010 and the offset calculation circuit 1011. The
pl ane information nmenory 1010 is a nenory for storing the position
information of the plane CAn-1, and stores the position information of the
5 pl ane CAn upon conpl etion of decoding at tinme n. The offset
calculation circuit 1011 cal cul ates the vector value "offset" using the
position information of the plane CAn %gygwied via the signal line d2 and
that of the plane CAn-1 supplied via t Stgnal line 10 1003, and
supplies the vector value "offset” to the selector 1012. The sel ector 1012
selects one of "offset” and "zero vector"” in accordance with the flag
supplied via the signal line 1001, and outputs the selected value as 15
the default value to the MV decoder 1100 via the signal |ine 1004.
Subsequently, the W decoder 1100 shown in FIG 67B receives "notion vector

information bl" as the prediction error sign RAMEEFWGT vector of the
aﬁfﬂﬁe adder %1

20 bl ock to be decoded, and supplies it to . The W
prediction circuit 108 TECTErVES NMOtT O vectors wWsm{m—13, 2, 3) around
the block to be CA ENCODING AREA
!
(
OBJECT

FIG. 34A
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decoded fromthe MW nenory 1104, and obtains a prediction vector M/Ps. Wen
Msn (n =1, 2, 3) is not 25 avai l abl e, since the prediction vector
MVPs cannot be normally obtained, the circuit 1103 supplies a signal for
identifying if the prediction vector MPs is 171 normally obtained to

the selector 1102 via the signal |ine 1105. - The sel ector 1102
sel ects one of the MVPs supplied fron1Qﬂf5@V prediction circuit 1103 or the
default as 5 the output on the signal [ine 1004 in accordance with the

i dentification signal Pplied via the signal |line 1105, and supplies the
sel ected value to thenadgler 1101. The adder 1101 adds the prediction error
signal ("notion vector information bl") of the notion vector 10 and the
predi ction signal My decoding the notion vector MVs of the bl ock
to be decoded. The or BNVs of the block to be decoded is out put
fromthe MW decoder jheignal line 203, and is stored in the W
menory 1104. 15 his manner, the MW encodi ng process required

in the arrangenent shown in [FIG 19, and the W
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decodi ng process required in the arrangenment shown in FIG 20 can be
realized. Industrial Applicability 20 Vari ous enbodi nents have
been described. According to the present invention, a video encodi ng
apparatus and decodi ng apparatus which can efficiently encode al pha-map
information as subsidiary video information that represents the shape of an

obj ect and 25 its positionin a frggy and can decode the encoded

i nformation, can be obtai ned. Al so, ac r@Qng to the present invention,

si nce 172 the nunber of encoded bits &f an al pha-map can be reduced,
separate encodi ng can be done in unit obj ects wi thout considerably
deteriorating the encoding efficiency aglconpared to a conventi onal
encodi ng 5 nmet hod t hat executes enco§$1g inunits of frames. Note that
the present inventionis not limted to e above-nenti oned enbodi nment s,
and various nodifications may be made. AEb:Wéy ng to the present invention,

since the 10 nunber of encoded bj ts] g al pha-map can be reduced,
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separate encodi ng can be done in units of objects w thout considerably
deteriorating the encoding efficiency as conpared to a conventi onal
encodi ng nmethod that executes encoding in units of franes. CLAI MS
1. An al pha-map. encodi ng apparatus conprising: a first down-sanpling
circuit for down-sanpling an al pha-map signal, which represents a shape of
an 5 obj ect and a position in a frg?y5@f the object, at a down-sanpling
rati o based on size conversion ratio information; an up-sanpling circuit
for up-sanpling the al pha-map signal at an up-sanpling ratio based on size
10 conversion ratio information given to restore the al pha-map signal
down-sanpl ed by said first down- sanpling circuit to an original size, and
outputting a | ocal decoded al pha-map signal; a notion conpensation circuit
for generating a 15 noti on conpensation signal on the basis of a

previ ous decoded video signal and a notion vector signal; a second
down-sanpling circuit for down-sanpling the notion conpensation signal at
t he down-sanpli ng
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rati o; 20 a binary image encoder for encoding the al pha-map signa
down-sanpl ed by said first down-sanpling circuit to a binary inmage in
accordance with the notion estimation/conpensation signal down-sanpl ed by
said second down-sanpling circuit, and outputting an encoded 25 bi nary
i mge signal; and a nmultiplexer for nultiplexing and outputting the encoded
bi nary i mage signal and the size conveQ?yg@ ratio information. 2. An

al pha- map encodi ng appargf us according to Claim1, wherein said notion
estimation/conpensation cjrcuit has a nenory for storing a previous decoded
5 vi deo signal, af@—generates the notion estimation/ conpensation
signal in accordance with]the decoded video signal stored in said nenory
and the notion vect of~s . &n al pha-map encodi ng apparatus accordi ng
to 10 claiml, w %?st down-sanpling circuit receives the

al pha-map signal in | pi xel bl ocks (M the nunber of pixels in
the horizontal direct he nunber of pixels in the vertica
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direction), and encodes the al pha-map signal in units 15 of bl ocks. 4.
An al pha- map decodi ng apparatus conprising: a demnultiplexer for
derul ti pl exi ng an al pha-map code and a size conversion ratio information
code from an encoded al pha-nmap signal; 20 a binary inage decoder
for decoding the al pha-map code to a binary image; an up-sanpling circuit
for up-sanpling the binary inmage as t ha- map code output fromsaid
bi nary i mage decoder in accordance w th’the size conversion 25 ratio
i nformation code, and outputting the up-sanpled i mage as a decoded vi deo
signal; a notion conpensation circuigh-~or generating a 175 noti on
conpensation signal on the basis of a previ ous decoded video signal and a
notion vector signal; and a down-sanql inpg circuit for down-sanpling the
notion conpensation signal in accorddrZel with the size 5 conver si on
ratio informati on, and outputting the -sanpl ed noti on conpensati on

signal to said binary im <
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wherein said binary i mage decoder decodes the al pha-map code in accordance
with the notion 10 estimation/ conpensation signal and the size
conversion ratio information. 5. A video encodi ng apparatus conprising: an
al pha- map encoder having an input unit for receiving a plurality of 15

al pha- map signal bl ocks obtai ned by dividing an al pha-nmap signal
representing an object shape in units dd x N pixel blocks (M the nunber
of pixels in the horizogtal direction, N the nunber of pixels in the
vertical direction), 20 a frame nenory for storing a decoded
signal of a frame i fPrayli ng a decoded signal near a block and a decoded
signal of a franme whichlhas _been encoded in association with the al pha-map
signal, notion estj pegsat i on nmeans for 25 generating a notion
estimati on/ conpensy -0 ng the decoded signal of the frame which

has been encoded i1 menory. 176 nmeans for size-converting a
binary image in unit
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of bl ocks, means for encoding a size conversion ratio as side information,
and 5 bi nary i mage encodi ng neans for encodi ng down-sanpl ed bi nary
images in units of blocks, wherein said al pha-map encoder selects a decoded
i mage of the block fromone of a decoded val ue obtained by replacing al
values in the block by one of binary 10 val ues, the notion

estimation/ conpensation val ue, and a ng d val ue obtai ned by size
conversion in units of blocks. 6. A vidéo encodi ng apparatus conprising: an

al pha- map encoder having 15 aAvideo bl ock input unit for receiving
a plurality of video bl ocks obtainegnby dividing a rectangle area including
an object in units of Mx N pixel blocks the nunber of pixels in the

hori zontal direction, N the nunber
20 a frame nenory for stori
i ncl udi ng a decoded signal near a bldck and, a decoded signal of a frame
whi ch has been encoded, i I Y@onpeénsati on nmeans for generating
a notion estimation/conpensation val u 5i g 2% t he decoded signal of
the frame which has been|encoded in sqgg frame |nmenory,

ot

fcp xel s ifn the vertical direction),
g=2a] decodeéd signal of a frame
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means for size-converting a binary inmage in units 177 of bl ocks, neans
for encoding a size conversion ratio as side information, binary imge
encodi ng nmeans for encoding 5 down-sanpl ed binary inages in units of

bl ocks, and means changi ng an encodi ng order of binary inmage encodi ng
in the block, wherein said al pha-map encoder selects a decoded i nage of the
bl ock fromone of a decoded val ue 0bta§ﬂ?§010 by replacing all val ues
in the block by one of binary val ues, e notion estimation/conmpensati on
val ue, and a decoded val ue obtained by size conversion in units of bl ocks.
7. A video encodi ng apparatus accordi ng %@ZJ§Q9 cl ag erein said

bi nary i mage encodi ng neans sel ects one {2\ ufal i ty: of ‘encodi ng met hods
in accordance with sw tching information —andengodes amrd-suppl i es the
switching information. 8. A video eng¢odi ng appar gt us ording to 20
claim6, wherein said al pha-map enco@ir ;
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means fo i ze-converting the rectangle area including the object, and
nmeans for encoding the size conversion ratio as side information, and uses

t he down-sanpl ed rectangl e area as an object to be encoded. 25 9.
A video decodi ng apparatus conprising: an al pha-map decoder having a frane
menory for storing a decoded signal of a 178 franme including a decoded

signal near a block, and a decoded sigggysgf a decoded frame, notion
conpensati on nmeans for generating a notion conpensation val ue using the
decoded signal of the 5 frame which has been decoded in said frane
menory, means for size-converting binary inmages in units of blocks, and

bi nary i mage decodi ng neans for decodi ng down-sanpl ed binary imges in
units of blocks, 10 wherein said al pha-nmap decoder selects a
decoded i mage of the block fromone of a decoded val ue obtai ned by
replacing all values in the block by one of binary values, the notion
estimati on/ conpensati alue, and a decoded valu | Red by up-sanpling
t he down-sanpl e TIMEh T Al HY
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15 bi nary i mage. 10. A video decodi ng apparatus conprising: an

al pha-map decoder having a franme nenory for storing a decoded signal of a
frame including a decoded signal near a block, and a 20 decoded si gnal
of a decoded frame, notion conpensation nmeans for generating a notion
conpensati on val ue using the decoded signal of the franme which has been
decoded in said frane nenory, neans fgg%ﬁg?e-converting bi nary imges in
units 25 of bl ocks, binary inmge odi ng nmeans for decodi ng

down- sanpl ed binary imges in units of blocks, and 179 means for
changi ng a decodi ng order of binary inmage decoding in a block, wherein said
al pha- map decoder sel ects a decoded i mage of the block fromone of a
decoded val ue obtai ned 5 by replacing all values in the block by one of
bi nary val ues, the notion estimation/conpensation value, and a decoded

val ue obtai ned bypggy Nefi ze CEﬁXﬁésﬁﬁfﬁi” units of bl ocks.
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11. A video decodi ng apparatus according to 10 claim 10, wherein said
al pha-map decodi ng neans has a plurality of types of binary imge decodi ng
means having di fferent decodi ng nmethods, and selectively uses these neans
in accordance with switching information. 12. A video decodi ng appar at us
according to 15 claim 10 or 11, wherein said al pha-map decodi ng neans
conpri ses neans for up-sanpling the reg%gggle area including the object,
and up-sanpl es and decodes a down-sanp rectangl e area. 13. A video
encodi ng apparatus conprising: 20 means for setting an area which
i ncludes an object and is expressed by a nmultiple of a block size, and

| abel i ng neans having neans for dividing the area into a plurality of

bl ocks, said | abeling neans assigning | abels unique to nodes to the bl ocks;
25 a menory for holding the |abel information and a size of the
area in units of franes; size changing neans for changing the | abel
information stored in said nenory in correspondence with a size of an area
of a current franme; and a nmenory for holding | abel information of a
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decoded bl ock near the bl ock of

informati on of the bl ock of

i nt er est

i nt er est,

5

wherein the | abel

I s encoded using one of the | abel
i nformati on supplied fromsaid size changi ng neans and the | abel

i nformati on of the block near the block of interest. 14. A video decoding
apparatus conprising: 10 an input unit for receiving encoded data
obt ai ned by encoding, in units al pha-map signal together with

nmodes in units of bl ocks;

oy OCl@(ﬁﬂ]ng | abel

a nmenory for
encoded data and a size of an area in units of franes;
changi ng nmeans for changing the | abel

i nformati on of the
si ze

15

I nformation stored in said nenory in

correspondence with a size of an area of a cudtdnt frame; and a menBty for

hol di ng | abel information of a decoded bl ock néar the block of intergst, 20
wherein the |abel information of the currgntglfggke i decoded using|orfe of
the | abel information supplied from sai (l"EiZm | frg—reans—and—tFe |jabel
I nformati on of the bl ock near the bl ock|ofl 15. A video en¢odi ng
apparatus cogprising: 25 an input unith for receiving an al phg map
signal as information for separating anjinage into an object area and
background aflea of the3jQmge; 311 312 316
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1 81 neans for setting a video object plane which includes an object and is
expressed by a nultiple of a block size; neans for dividing the plane into

a plurality of 5 bl ocks; | abeling nmeans for assigning | abels unique to
nodes to the bl ocks; storage neans for holding the | abels or the al pha-map
signal in units of franes; 10 determ nation nmeans for determ ning

a reference block in a previous frane ggysgsponding to the block to be
encoded of a current frame; prediction neans for determ ning a prediction
value on the basis of at |egst the |abels or al pha-map 15 of the
previous frane stored in,gaijd storage neangy and the reference bl ock; and
encodi ng neans for encodispgrl abel informatign of the block to be encoded

usi ng the prediction val 08. |16. A video dec di ng apparatus conprising: 20
an al pha-map decoder having a T{ane nennrv'é%ﬂ'ﬁtoring a decoded signal of

a frame including a decofled gigpal Fear ja [Fock
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means for size-converting binary imges in units of blocks, and 25

bi nary i mage decodi ng neans for decodi ng down-sanpl ed binary imges in
units of blocks, wherein a block is up-sanpled with reference to a

decoded val ue of an al ready encoded bl ock. 17. A video decodi ng apparat us
conprising: an al pha-map decoder having an input unit for receiving Mx N
pi xel encoded 5 vi deo bl ocks (M t?zégenber of pixels in the horizontal
direction, N the nunber of pixels in Vertical direction) including an
object, a frame nenory for storing a decoded signal of a frame including a
decoded signal near a block, 10 means for size-converting binary

I mges in units of blocks, and binary inage decodi ng neans for decodi ng
down-sanpl ed binary inmages in units of blocks, wherein said al pha-map
decoder has a function of 15 executing a process by sw tching whether a
process is done with reference to a decoded val ue of an already encoded

f
bl ock or a proci:_%sOQ?eoV—d'ﬁe wi t hERAME af-€¥ ring to
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any decoded value in an up-sanpling process of a block. 18. A video
encodi ng apparatus conprising: 20 a video block input unit for-
sequentially receiving a plurality of video bl ocks obtained by dividing a
rectangl e area including an object in units of Mx N pixels (M the nunber
of pixels in the horizontal direction, N the nunber of pixels in the 25
vertical direction); neans for dom-sa@éo;g bl ocks of an al pha-nmap si gnal
as a binary imge representing a shape™0f an object to 1/2n (n = 0, 1,

2, 3, ...) in both the horizontal and vertical directions of each bl ock;
and neans having an up-sanpling gircuit for up-sanpling the down-sanpl ed
bl ocks and providing a 5 val n for rate-control upon encodi ng, said

up-sanpling circuit conprising aEhenDry for hol ding a decoded val ue near
the bl ock of interest, means fo taining a reference pixel value by 10
down-sanpling the decoded valuelheld in the menory to 1/2n in accordance
with a down-sanpling ratio of the ¥l ock of interest, and
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up-sanpling process neans for attaining up-sanpling to an original size by
repeating a process 15 for performng 2x up-sanpling in both the
horizontal and vertical directions n times, wherein said up-sanpling
process neans al ways uses the reference pixel value down-sanpled to 1/2n.
19. A video decodi ng apparatus conprising: 20 an up-sanpling
circuit for up-sanpling binary imge b

whi ch are down-sanpled to 1/2n
(n =1, 2, 3, ...) in both the horizontal "and vertical directions, said
up-sanpling circuit camarising a nmenory for hol ding a decoded val ue near
the 25 bl ock of intgr th means for obtaining a reference pixel value
by down-sanpling the |[dégogedlival ue held in the nenory to 184 1/2n in
accordance with a downzgag?l hg ratio of the block of interest, and
up-sanpling process negss OIXattaining up-sanpling to an original size by
repeating a process § W T o performing 2x up-sanmpling in both the
hori zontal and verticalgdﬂe:t i".‘ons n times, said up-sanpling
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process neans al ways using the reference pixel value down-sanpled to 1/2n
I n the up-sanpling process. 20. A video encodi ng apparatus conprising: 10
a video block input unit for sequentially receiving a plurality of video
bl ocks obtained by dividing a rectangle area including an object in units
of Mx N pixels (M the nunber of pixels in the horizontal direction, N
the nunber of pixels in the 15 Veri@fﬁp direction); setting neans for
setting, in the frane, an area which i des and is expressed by a

mul tiple of a block size; division neans for dividing the area set by said
20 setting neans into bl ocks; nmeans for prediction-encoding notion
vectors required for performng notion estimation/conpensation in the

di vi ded bl ocks; a nmenory for holding a first position vector 25
indicating a position, in the frane, of an area in a reference frane;

encodi ng neans for encoding a second position vector indicating a
position, in thefrape,Tofithe areg |
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in the frame; a notion vector nenory for holding notion vectors of decoded
bl ocks near a block to be encoded; and 5 nmeans for predicting a
notion vector of the block to be encoded using the notion vectors stored in
said notion vector nenory, wherein when the notion vector used in said
predi cti on means does not exist in said notion vector 10 menory, a
default notion vector is used as a pregigsbon val ue, and a difference
vector between the first and second positron vectors, and zero vector are
selectively used as the default notion vector. 21. A video decodi ng
apparatus conprising: 15 an input unit for inputting Mx N pixe
encoded vi deo bl ocks (M the nunber of pixels in the horizontal direction,
N: the nunber of pixels in the vertical direction) including an object;
means for decodi ng prediction-encoded notion 20 vectors required for
perform ng notion estimation/ conpensation in the blockf; means for
decodi ng prediction-encoded rit@R=6I’ vectors requireﬁCRgnép%rforning mot i on

estimati on/ conpensation in a reference #anme; 25 a nmenory for

hol ding a first position vector reRngépLing a position, in a frame, of an
area in the MBS 1
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reference frane; means for decoding a second position vector indicating
a position, in the frame, of an area in the frane; a notion vector nenory
for holding notion vectors 5 of corrected bl ocks near a block to be
decoded; and prediction neans for predicting a notion vector of the block
to be decoded using the notion vectors held in said notion vector nenory,
wherei n when the notion vector used i ind 10 predi cti on nmeans does
not exist in said notion vector nmenory, a default notion vector is used as
a prediction value, and uses one of a difference vector between the first
and second position vectors, and zero vector.
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