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5 : Description
Field of the Invention
The present invention relates to a method of padding a digital picture
having an arbitrary shape, and an encoder and a decoder of digital picture
using the same method.
10 : ”
Background Art
It is necessary to compress (encode) a digital picture for promoting the
efficiency of its storage and transmission. Several methods of encoding are
available as prior arts such as “discrete cosine transform” (DCT) including
15 JPEG and MPEG, and other wave-form encoding methods such as “subband”,
“wavelet”, “ﬁactal” and the like. Further, in order to remove a redundant
- signal between pictures, a prediction method between pictures is employed, and
thén the differential signal is encoded by wave-form encoding method.
According to the recent trend, the object constituting a picture are
20 individually encoded and transmitted, for improving the coding efficiency as
well as allowing reproduction of the individual objects which constitute a
picture. On a reproducing side, each object is decoded, and the reproduced
objects are composited into the picture for displaying. Per-object base
encoding method allows the user to combine objects arbitrarily, whereby a
25 motion picture can be re-edited with ease. Further, depending on the
congestion of the communication channel, performance of a reproducing
apparatus or a user’s taste, even a less important object is saved from being
reproduced, a motion picture can be still identified.
In order to em.:ode a picture having an arbitrary shape (i.e., an object), an

30 appropriate transformation method adapted to the shape is employed, such as



efficiency of its storage and transm ssion. Several nethods of encoding are
avail able as prior arts such as "discrete cosine transform (DCT) including
15 JPEG and MPEG and ot her wave-form encodi ng net hods such as "subband”,

“wavel et", "fractal" and the 1ike. Eurthe?, in order to renove a redundant
signal between pictures, a prediction nethod between pictures is enployed,
and then the differential signal is encoded by wave-form encodi ng

nmet hod. ) According to the recent trend, the object constituting a
pi cture ar ehdC'shapdiadaptiie! disereto dosinerttahsfonmit] bt ad, inbnificaitoridign ofighe
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even a S inportant object 1s saved from bel ng reproduced,” a notion
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having an arbitrary shape (i.e., an object), an 30 appropriate
t r ansf or maté predisticodregiopi(@g..taobldck eonspeting of 36P616 pixelskwhich is obtained
through a motion compensation of a reference picture reproduced in the past for
removing a redundant signal between pictures. This type of prediction region
10 is firstly padded, then a the difference between the subject region and the
predict region is obtained, and then, transformed and encoded. The reason
why the prediction region is padded is to suppress a differential signal.

When the efficiency of encoding/decoding a digital piqture is considered,

how to pad the insignificant pixels is an important subject, and this influences
15 a decoded picture quality and transmitting data quantity.

The prior art discussed above discloses the following steps: An overall
picture is referenced and padded first, to prevent a prediction region from
including insignificant sample values, then the prediction region is obtained by
a motion compensation or other methods. How to pad the overall picture is,

- 20 repeating a significant sample value on an object boundary and replacing an
| insignificant sample values therewith. When a sample is padded by scanning
both horizontal and_ vertical directions, an average of both the padded values
are taken. This conventional method pads the whole picture, and therefore
providing a prediction region with less errors for a picture having a great

25 motion.

However, when the whole image of a reproduced reference picture is
referenced and padded, the reference picture must be entirely decoded, before
padding can be started. When repetitive padding is applied, the amount of
calculation increases in proportion to the picture size. In other words, this

30 padding method requires a large amount of processing and a long delay time,



2 t he "shape adaptive discrete cosine transform', or an

i isignificant region of the picture i s padded by a predeterm ned
met hod and then a conventional cosine transform (8 X 8) is provided,
where the insignificant region is an outsgde of the di spl ay regi on of

t he object, and contains no pixel data for displaying an object, 5 in

ot her words, the region consists of insignificant sanple values only. On

t he ot her hand, insignificant sanple values can be found at the object
boundary oénd sometimesdiestltsnin egryobaxge. gmouatdfor culanions tfongepfodifeixg 6

pi xel s) which is obtained t hrough a notion conpensation of a reference
picture repictdtsed in the past for renovi ng a redundant signal between
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how to pad the insignificant pixels is an inportant subject, and th
i nf | uencesthis method pads only the boundary region, the significant regions are hm1ted
within the internal region bounded by the boundary regions, and hence limiting
the effect of padding. Therefore, this method cannot produce a prediction
signal having less errors for a motion picture with a great motion.
10 Since the method of padding the overall picture results in increasing
| data amount, only a small advantage can be expected. In other words, an
insignificant pixel has no pixel values to be encoded, and when significant
pixels are encoded together with an insignificant pixel, coding efficiency is
lowered. For example, when the significant pixels are all in black, the coding
15 efficiency is lowered if insignificant pixels are in white, on the other hand, the
coding efficiency is promoted if the insignificant pixels are in black. As such, a
value of the insignificant pixel does not influence a quality of a reproduced
picture, but influences the coding efficiency, therefore, how to deal with the
insignificant pixel value should have been discussed with care.
20
Disclosure of the Invention
The present invention aims to, firstly, provide a padding method,
through which a prediction signal with less errors can be produced for a motion
picture having a great motion, accompanying a short delay time and a small
25 volume of calculation.
In order to achieve the above goal, according to the present invention, in
a digital picture data including picture information which indicates an object, a
picture is resolved into a plurality of regions adjoining with each other, and
insignificant sample value of a region containing the boundary of the object
30 shape is padded by the values obtained from transforming the significant pixel



15 a decoded picture quality and transmtting data quantity.

The prior art discussed above discloses the follow ng steps: An overal
picture is referenced and padded first, to prevent a prediction region from
Fncluding insignificant sanple values, thgn the prediction region is
obt ai ned by a notion conpensation or other nmethods. How to pad the
overall picture is, 20 repeating a significant sanple value on an object
boundary and repl acing an i nsignificant sanple values therewith. Wen
a sanpl e i vapasirheeabto theinsignificant pixeliv#lues.zont al and verti cal

directions, an average of both the_paddeq val yes , are taken,_ This .
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before I ng ca started. en repetitive paddin , the
amount ®f  methodedid thé abové mesthedann produepaheimord effédtiveppadding size. In

ot her words, this 30 padding nethod requires a | arge anount of processing
and a | ong del ayFurthey, there is a method of enlarging a padding region to an
appropriate extent. This method extends the region to be padded to an
insignificant regions consisting of insignificant pixel values only, where the
insignificant regions are near to the regions containing an object boundary. In .
10 addition to padding these insignificant regions, this method also pads the
regions containing the object boundary using values obtained by applying a
functional transformation to the significant pixel values of the region. This
methoci enables processing involving larger motion compensation.
The present invention aims to, secondly, apply the above method of
15 padding a digital picture to the methods of encoding/decoding digital picture
and the apparatus thereof, whereby a picture compression process producing
the better picture quality with a small amount of processing data can be
realized.
In order to achieve the above goal, a picture encoder comprising the
20 following elements is prepared: In a digital picture data including picture
information which indicates an object of the input signal, where the input
signal comprises (1) a signal indicating a pixel value and (2) a significant signal
indicating whether a pixel value of each pixel is significant or not, the picture
encoder comprises,
25 (a) predicted picture generation means for producing a predicted picture
signal corresponding to the input signal by using a decoded picture signal,
(b) pixel value generation means for resolving the picture into a
plurality of regions adjoining to each other, padding the insignificant sample
value of the region containing a boundary of the object shape with a functional-

30 transformed significant pixel values located near to the above insignificant



-gnd sonetines results in very |arge anmount of cal cul ation, for reproducing

a pi cture. In order to avoid calculation proportional to
the picture size, a reproduced boundary region should be padded on
‘per-region basis. This 5 mnmethod can solvg the delay tine and vol unes of

cal cul ati on. However, since this nmethod pads only the boundary region,
the significant regions are limted within the internal region bounded
by the boundary regions, and hence limting the effect of padding.

Ther ef or e, pbﬂﬂwamuehod cannot produce a prediction si gnal having | ess
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on the ot her hand, coding efficiency is pronoted if the
i nsi gni ficant pix& adalmg inpedni s £0x adding eh output of the decoding means and the
output of the predicted picture generation means, and
() memory means for storing the output of the adding means
temporarily for further use in the predicted picture generation means,

10 ‘wherein the output of the encoding means is an output of this picture
encoder.

The corresponding digital picture decoder comprising the following
elements is also prepared: - . |
(a’) decoding means for decoding the input signal,

15 () predicted picture generation means for producing a predicted
picture signal corresponding to the input signal by using a decoded picture
signal,

(¢) pixel value generation means for producing a pixel value from
significant pixel value in the predicted picture signal by using a predetermined

20 -function, replacing insignificant pixel value of the predicted picture signal with
the produced picture value, and outputting the replaced pixel value,

(@) adding means for adding an output of the decoding means and an
output of the pixel value generation means, and
| () memory means for storing temporarily an output of the adding

25 means for further use in the predicted picture generation means,

wherein the output of the decoding means is an output of this picture decoder.
An insignificant region adjoining to the boundary of object shape and

consisting of insignificant sample values only, is padded, whereby processing

region is appropriately enlarged without increasing data volume remarkably,

30 and as a result, the accuracy of processes including a motion compensation is



-value of the insignificant pixel does not influence a quality of a

r epr oduced pi cture, but influences the coding efficiency, therefore,
how to deal with the i nsignificant pixel value should have been

di scussed with care. 20 Di sclosure ¢ the Invention The
present invention ainms to, firstly, provide a paddi ng nethod, t hr ough

whi-ch a prediction signal with [ ess errors can be produced for a notion
pi cture having a great notion, acconpanying a short delay time and a snal|
25 vol unepsfmotEdcul ati on. In order to achi eve the above goal,
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5 : a first padding process for scanning a picture sample having an
arbitrary shape consisting of significant and insignificant sample values along
a first direction, and in the first direction, producing a first padded picture by
replacing the insignificant sample values with the significant sample values
selected through a predetermined method,

10 a second padding process for scanning each sample of the first péé.ded
picture consisting of significant and insignificant sample values along a second
direction, and in the second direction, replacing the insignificant sample values
of the first padded picture with the significant sample values selected through a
predetermined method or the sample values padded in the first padding

15 process.

To be more specific about the padding method of a digital picture
according to the present invention, another method comprising the following
steps is prepared:

resolving a digital picture having an arbitrary shape into a plurality of
20 regions, |
processing the regions according to a predetermined order,
padding the insignificant region adjoining to a boundary region at the
shape boundary and consisting of insignificant sample values only, with a
predetermined padding values.

25 When the subject region is not an insignificant region, in particular, if a
previous region adjoining to a subject region is an insignificant region at the
predetermined order, the previous region is padded with a padding value found
through a predetermined method.

When the subject region is an insignificant region, in particular, if a

30 previous region adjoining to a subject region is not an insignificant region at



4, val ues near to the insignificant pixel val ues. The
sinplest functional transformation is that an insignificant pixel

value is replaced with a significant pixel value adjoining thereto, and
this repl acenent is just repeated. The conbination of this repetitive
repl acenent 5 nethod and the above nethod can produce the nore effective
paddi ng. Further, there is a nethod of enlarging a padding
region to an appropriate extent. This nethod extends the region to be
padded to ahe predetersnipedf prder, thegsubiect vegiont isngadded ngtbnafpwgﬁngpvable

val ues only, where the I nsignificant_regions are near to the regions
cont ai ni ng faﬁnéﬁﬁlmgqbamémml%eédne ‘tion to padding these

i nsignificant regign this t S d e reQl.on taini
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The pregent inventihpit ahéins for faeivitigya digith) pibruebdyta haviad aef afllitrary
padding a digital picture to the methods of encodi ng/ decodi ng digital

pi cture shaped t he apparatus thereof, whereby a picture conpression

rocess producin the better picture qual,ity with a snall anpunt. of
Brocessi ﬁg dat a gms means Ior rgs&vfng the dkg1¥a1 1icture InrRo a plurality of

regions adjoining to each other,

a first adding device for receiving a data of a subject region and a data
10 of a prediction region, and producing a data of a differential region,

an encoding device for receiving the data of the differential region, and
compressing thereof into a data of a compressed differential region through a
predetermined method,

a decoding device for receiving the data of the compresssed differential

15 region, and decoding thereof into a data of an expanded differential region,

a second adding device for receiving the data of the expanded
differential region, adding the data of the prediction region thereto, and
producing a data of a reproduced region,

a first padding device for receiving the data of the reproduced region

20 and padding the insigniﬁcant sample values included in the reproduced region
through the previously described padding method,

a frame memory for storing the data of the reproduced region of which
insignificant sample value has been padded.

Instead of or in addition to the first padding device, a second padding
25 device is employed for padding insignificant sample values included in the
prediction region.
A picture decoder employing the method of padding a digital picture
according to the present invention comprises the following elements:
input means for receiving a compressed coded data,

30 a data analyzing device for analyzing the compressed coded data, and



realized. In order to achieve the above goal, a picture encoder
conprising the 20 following elenents is prepared: In a digital picture data

i ncludi ng picture i nformati on which indicates an object of the input
signal, where the input signal conprgses (1) a signal indicating a

pi xel value and (2) a significant signal I ndi cati ng whet her a pi xel

val ue of each pixel is significant or not, the picture encoder
conprises, 25 (a) predicted picture generation neans for producing a

predi ct ed gitpusting a comprresseid diﬁferenﬁahdig@lt o the input signal by using a
decoded picture signal pi.xel val ue genperatiaon, neans [for
resol ving the pi s 3e@d1ngcﬂ%wce for é?@ﬁdéngtt}leo@m?ﬁ?%ﬁ?g @gfe@?mﬂﬁb stgnad dago

ot her, paddi n nIfL ant sanpl e val ue of the regi on containing
a boundarya%le 38‘%] g ﬂ a functional- 30 transforned

; Ignificant pi Xelaﬁ/ aa!dz'ﬁﬁg'c?&%@%o@%dih@ 1€ e2PRYiBel EFREALiGR Mignal and a

5 prediction signal, producing a reproduced signal and outputting thereof,
a first ‘padding device for padding an insignificant sample values
included in the reproduced signal through the previously described method,.
a frame memory for storing a picture data padded by the first padding
device as the prediction signal.
10 Instead of or in addition to the first padding device, a second padding
device is employed for padding insignificant sample values included in the

prediction region.

Brief Description of the Drawings
15  Fig. 1 is a schematic diagram depicting a padding method of a digital
picture in a first exemplary embodiment of the present invention.

Fig. 2 is a schematic diagram depicting a first modification of the
padding method of the digital picture in the first exemplary embodiment of the
present invention. | |

20 Fig. 8 is a schematic diagram depicting a second modification of the
padding method of the digital picture in the first exemplary embodiment of the
present invention.

Fig. 4 is a schematic diagram depicting a third modification of the
padding method of the digital picture in the first exemplary embodiment of the

25 present invention.

Fig. 5 is a schematic diagram depicting a padding method of a digital
picture in a second exemplary embodiment of the present invention.

Fig. 6 is a schematic diagram depicting a padding method of a digital
picture in a third exemplary embodiment of the present invention.

30 Fig. 7 is a schematic diagram depicting a first modification of the



p.xel val ue, (c) subtraction neans for subtracting the out put

of the predicted pi cture generation neans from an output of the pixel
val ue generation neans, (d) encodi ng nmeans for encoding the
out put of the subtraction neans, 5 9 (e) decodi ng nmeans for

decodi ng the output of the encodi ng neans, (f) adding neans
for addi ng an output of the decoding neans and the out put of the
predi cted picture generation neans, and ( menory neans for
storing t hpaddingmeshodiof theldigigahpigtisre in the thipdrexemplaryenthoditmentieféhen
the predicted picture generation neans, 10 wherei n the output of
t he encodi PFeSRIHABRVEBUQR- out put of fhis picture encoder .
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pr oduci ng predicte ture signal corresponding to the i nput signal
by using a decoddg. 9i it arsehematicd@@lam depicting a padding )meihed of al digital

generation nmeans for producing a pixel value from st gnificant pixel
val ue in tIpécredine ﬁghmmhmie@dmdimemmﬁ@eapmseueﬁevmmm
Fig. 10 is a schematic diagram depicting a padding method of a digital
picture in a sixth exemplary embodiment of the present invention.
Fig. 11 is a schematic diagram depicting a padding method of a digital

10 picture in a seventh exemplary embodiment of the present invention. -

Fig. 12 is a schematic diagram depicting a padding method of a digital
picture in a eighth exemplary embodiment of the present invention.

Fig. 13 is a schematic diagram depicting a padding method of a digital
picture in a ninth exemplary embodiment of the present invention.

15 Fig. 14 is a schematic diagram depicting é first modification of the
padding method of the digital picture in the seventh exemplary embodiment of
the present invention.

Fig. 15 is a schematic diagram depicting a padding method of a digital
picture in a ninth exemplary embodiment of the present invention.

20 Fig. 16 is a schematic diagram depicting a first modification of the
padding method of the digital picture in the ninth exemplary embodiment of
the present invention. _

Fig. 17 is a schematic diagram depicting a padding method of a digital
'picturel in a tenth exemplary embodiment of the present invention.

25 Fig. 18 is a schematic diagram depicting a first modification of the
padding method of the digital picture in the tenth exemplary embodiment of
the present invention.

Fig. 19 is a flow chart depicting a pédding method of a digital picture in a

11* exemplary embodiment of the present invention.

30 | Fig. 20 is a schematic diagram depicting an embodiment of a method of



20 function, replacing insignificant pixel value of the predicted picture

signal wth t he produced picture value, and outputting the repl aced
pi xel val ue, (d") adding neans for adding an output of the
decodi ng neans and an out put of theipi xel val ue generation neans, and

(e'") nmenory neans for storing tenporarily an output of the adding 25
means for further use in the predicted picture generation neans,

wherein the output of the decoding neans_is an output of thi ure
decoder. padding a regionnsvhishf iscamplered dn g & dﬂ\ggt@eﬂwf tchmrd}g%ﬁl

i
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6 arranged along the horizontal direction, (B) shows an example; a padding value

5 is repeated significant pixel values arranged along the horizontal direction, and

(C) shows another example; a padding value is repeated significant pixel values
arranged along the horizontal direction.

Fig. 21 is a schematic diagram depicting an embodiment of a method of
padding a region, which is emplojred in the padding method of the djgital

10 picture in the 12‘h.exemp1ary embodiment of the present invention, where (A)
shows an example; a padding value is an average of significant pixel values
arranged along the vertical direction, (B) shows an example; a padding value is
repeated significant pixel values arranged along the vertical direction, and (C)
shows another exarﬁple; a padding value is repeated significant pixel values

15 arranged along the vertical direction. _

Fig. 22 is a flow chart depicting a padding method of a digital picture in a
13" exemplary embodiment of the present invention.

Fig. 28 is a flow chart depicting a second modification of the padding
method of the digital picture in a 14® exemplary embodiment of the present

20 invention.

Fig. 24 is a schematic diagram of a first example of the picture padded
through the padding method of the digital picture in the 14 exemplary
embodiment of the present invention.

Fig. 25 is a schematic diagram of a second example of the picture padded

25 through the padding method of the digital picture in the 14® exemplary
embodiment of the present invention.

Fig. 26 is a schematic diagram of a third example of the picture padded
through the padding method of the digital picture in the 14 exemplary

embodiment of the present invention.-

30 Fig. 27 is a block diagram depicting a digital picture encoder utilized in a



- pr onot ed. To be nore specific about the padding nmethod of a
digital picture according to the present invention, the nethod
conprising the foll ow ng steps is prepared: 5 a first padding
‘process for scanning a picture sanple hayigng an arbitrary shape

consi sting of significant and insignificant sanple val ues al ong a
first direction, and in the first direction, producing a first padded:

pi cture by replacing the insignificant sanple values with the

si gni f i cantlF¥aaxeneplaay exbodiment of ¢b¢ paesdntomylendiopr.edet er m ned net hod, 10

a second paddi ng_process for scanni ng each sanple_of the first. padded
pi cture consi st ifig- 8% 1%@&19#@%%%@#&%?4@3@6%%%@t@ﬁﬁ}ggtaiﬂ%ﬁfgus
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nore spsci figh ahanplarfenirsidiatofthe proserdt div@nitin.pi cture accordi ng
to the present invention, another nethod conprising the foll ow ng

steps is prepar dig. 30 is a block diagraesdépictipga digitabpicpure emeodervitiizedin a

arbitrary Slhizg‘pgxein%lc:)arg e%LIl)Jordailnién% o(%fthe present invention.

Fig. 31is a block diagram depicting a digital picture decoder utilizedin a
18% exemplary embodiment of the present invention.

10 ' .

Detailed Description of the Preferred Embodiments

The present invention is detailed hereinafter by referring to exemplary
embodiments.
(Exemplary Embodiment 1)

15 Fig. 1 is a schematic diagram depicting a padding method of a digital
picture in a first exempiary embodiment of the present invention. A picture
501 is a subject picture to be padded. Each lattice in the picture 501
represents a pixel ie, a sample from the picture. Pixels 502-507 are
significant samples, and other samples are insignificant.

20 In this embodiment, a shape signal of the picture is referred to for
determining whether a sample is significant or insignificant. When the shape
signal is “0”, the sample is insignificant, and when the shape signal is “1”, the
sample is significant.

When a picture 508 is produced from the picture 501, each insignificant

256 sample is padded as described below:

First, scan each line of the picture 501. In this scanning process, when
a significant sample is detected, a value thereof is substituted to an'
insignificant sample, e.g., when the first line is scanned, padding process is not
doﬁe because of no significant sample, and when the second line is scanned,

30 samples 509, 510 and 511 are insignificant, while a sample 502 is significant,



-20 regions, processing the regions according to a

predet er m ned order, paddi ng the insignificant region
adjoining to a boundary region at the shape boundary and consi sting of
‘insignificant sanple values only, with ai2 pr edet er mi ned paddi ng val ues.
25 When the subject region is not an insignificant region, in
particular, if a previous region adjoining to a subject region is an

i nsignificant region at the predet erm ned order, the previous region

i s padded thiusnthe preignifipansisamplesate paddadhwithyin walnee @St of thensampie ROA.
When t he subj ect [ '

region.is gn insignifi t. region, ti , i f.a 30
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regi on at insignificant samples 511, 510 and 509 sequentially. In the ’same manner, a

value “b” of sample 508 is repeatedly padded to samples 512, 513 and 514.

5 . The third line is padded as same as the second line, and the fourth line is
not padded because of no significant sample. In the picture 508 thus padded,
the second and third lines have significant values.

Next, based on the picture 508, the remaining insignificant samples are
padded. As shown in picture 519, scan the picture i1_1 vertical direction, and

10 pad insignificant samples 520 and 528 respectively with the samples 509-and
515 which have been padded in the picture 508. As such, samples 521-527 and
529-535 are padded in the same manner.

Through the above steps, the insignificant samples can be padded in a

simple manner while the continuity between the samples is maintained, and
15 therefore, improves the calculation efficiency including compression of pictures,
while a picture quality is maintained.

In this embodiment, padding is performed through scanning along the
horizontal and wvertical tiirections which are perpendicular to each other;
however, the scanning along a slanted line produces alsd the same effect.

20 Further, a method of vertical scanning first, followed by horizontal scanning
also produces the same effect. As long as the conﬁnuity of the samples is
maintained, methods other than padding an insignificant sample with the
nearest significant sample are applicable.

Fig. 2 is a schematic diagram depicting a first modification of the

25 padding method of the digital picture in the first exemplary embodiment of the
present invention. In the picture 508, when a horizontal scanning is
performed, mirroring can be done with respect to the boundary as a center
between the insignificant and significant saniples. For example, samples 511
and 502 are the boundary in a mirror, and a value of sample 502 is substituted

30 into a value of sample 511, then a value of sample 503 is substitute into a



the predeterm ned order, the subject region is padded with a paddi ng val ue

found through a predeterm ned nethod. A picture encoder

enpl oyi ng the nethod of padding a digital picture according to the
present invention conprises the foll ow nggel enments: 5 | nput means
for receiving a digital picture data having an arbitrary shape,
process neans for resolving the digital picture into a plurality of

regions adjoining to each other, a first addi ng device for

recei vi ng ssatapke £10.a Asispeb; theepicturead@l as daquenidallypasdedeaadongi the amgivon,
and produci ng data of, a differential region,, X .encodi_ng
devi ce for MaEL; {0 etmetlastéé%fa%éﬁ%n 6 cerpictyre éaﬁoht}ltﬁré? insignificant
conpressi ng theteof int data of a conpressed differential region through
a pre I%Piﬁsr?g&p%e@ﬁgd, a decodi ng device for receiving

the data of the piPsesssadhsnbiie’ @Rklah depictiRY ANsecdRd HREPHENGOA NS ERE

into a data of an expanded differentiral region, ‘a second

addi ng devigsadding metisdvofiihet digitddpictate ifhehe fipaheeeinplary ethbbdiment af the
region, adding the data of the prediction region thereto, and ]
produci ng apukseat ahventiems ofbitethatbod da, applied when an indignificapgdeimple is

dovice 101 LECEl M e daia ol MSILP RIEES fepion. 20 Shd Raddan e

the previ Ouﬁé%, dﬁé\f’&@f deRA g 18 B ed: applied in the case of scanning other

directions: Samples 612 and 613 are padded with a value of a sample 602.

10 Another method is that samples 611 and 614 can be padded with a value of

sample 607. The first method is that samples are scanned from left to right by

extending a significant sample as it is for padding. The second method is that

samples are scanned from right to left by exf@nding the significant sample as it

is for padding. The third method is that an insignificant sample is padded

15 with its nearest sample along the scanning direction. Samples 615 and 618

are padded by this method. Lastly, an insignificant sample is padded with an

average value of significant samples on both sides of the insignificant sample.
Samples 616 and 617 are padded by this method.

Fig. 4 is a schematic diagram depicting a third modification of the

20 padding method of the digital picture in the first exemplary embodiment of the

present invention. When a picture indicates an ov-al object, 1.e., significant

samples gather so that they shape into an oval, and this picture is basically

padded by the method used in Fig. 1.

A picture 701 comprises collected significant samples 702. First, as

25 shown in a picture 703, insignificant samples are padded by horizontal

scanning, next, as shown in a picture 704, insignificant samples are padded by

using significant samples or the samples padded in the picture 703 through

vertical scanning. On the other hand, as shown in a picture 705, insignificant

samples are padded by vertical scanning first, and then by horizontal scanning. |

30 An average of the pictures 704 and 706 thus padded is taken, whereby a picture



a.frame nenory for storing the data of the reproduced region of which

I nsignificant sanple val ue has been padded. I nstead of or in
addition to the first padding device, a second padding 25 device is

enpl oyed for padding insignificant sanpl @&4val ues i ncluded in the

prediction region. A picture decoder enploying the nmethod of
paddi ng a digital picture according to the present invention conprises

the follow ng el enents: nmeans for .receivi re sed
coded dat a,7®bis produced. a‘h;arp@démm%ddewo@amman%ﬁ%q% ﬁ the
conpr essed

GO o enihtag. saRS and.the;ppdied fpmpleg oye in a more complexamcture,
decodi ng. dey] ¢y .07cl¢A08 ek NB1GARBORS Sicilide P ohilh Anash@Rakng 1 icture

quality.

(Exemplary Embodiment 2)

Fig. 5 is a schematic diagram depicting a padding method of a digital
picture in a second exemplary embodiment of the present invention.

A picture 801 comprises collected significant samples 802. First, scan

10  the picture 801 horizontally, and substitute significant sample values into the
nearest insignificant samples to produce a picture 803. At the same time, scan
the picture 801 vertically, and substitute significant samples into the nearest
insignificant samples to produce a picture 804.

An average of the pictures 803 and 804 is taken to produce a picture 806.

.15  An average of the collected significant samples 802 would result in the same
value, thus the averaging is not needed.

Since there are some samples values double padded in the- picture 803
and 804, an average of both the padded values is taken. If there is only one
padded value available, this value becomes the padded value of the picture 806.

20 In the padding process of the pictures 803 and 804, a sample having no padding
value remains as an insignificant sample as it is. This insignificant sample is
then to be padded with a value of the nearest significant sample or padded
sample. When more than one padding values are available, an average of
these values, or one of them is used for padding. All samples are finally

25 padded as shown in a picture 811.

This embodiment shows an another padding method to maintain
continuity between the collected significant samples and insignificant samples
both forming a complex shape, like the exemplary embodiment 1.

30 (Exemplary Embodiment 3)



an expanded differential signal, an addi ng devi ce for adding
the expanded differential signal and a 5 prediction signal, producing a

reproduced signal and outputting thereof, a first padding
devi ce for padding an insignificant sanpllé val ues i ncluded in the
reproduced signal through the previously described nethod, a

frame menory for storing a picture data padded by the first paddi ng

device as the predigtion sjgnal. 10 Instead of ,gr in addjtion {q the
first padding déWBc ,1Saassé'fbgﬁ’&t’§aé’d’|gﬁ§m depiching gpa ’-B&pqnﬁaé‘%fi péa Eéﬂ&’#ﬂg

first pa | _ _ BERSpRE b
Briof | Desc PR oA dl s LR hiobtinb ot the pRSERL ENGHHAED °F: 2oy am
Bri ef | fon” o the 57" SR G AR s S

cbodi mont of 1 he Taraaey oot Coripfisah | Gllected sRaRe Saulples, Bpar Ly cale

di agr am depintodithentf anegiomdid sasidwrding thbeollectedpsigdifiintaiaheplealo0h s
digital picture in the first exenplary enbodi nent of the ~ present
i nvent i ®n. determined &ng amginsignificans manpleds apddeddwiibinithg regien &04. The

ool oo SR pidTinesmetiad delthelanovs i utififed s iA thts Shbodiment"® 1"
A remaining region 905 is padded through a simple method by referring to the
padded region 904, thus all insignificant samples are padded (Ref. to Fig. 906.)

The region 904 is preferably rectangular; however, it may be another

10 shape. The region 904 may be the smallest rectangular which includes.the
collected significant samples 902, or a rectangular after extending the smallest
rectangular by “k” samples. The value “k” is determined so that a size of the
rectangular can satisfy a predetermined condition, e.g., “k” is determined so
that the size of the rectangular can be a multiplé of 16.

15 Fig. 7 is a schematic diagram depicting one modification of the padding
method of the digital picture in the third exemplary embodiment of the present
invention, and a picture 910 comprises collected significant samples 911, 912
and 913. The picture 910 is resolved into respective regions 915, 916 and 917
which include the above collected significant samples, and then the respective

20 regions are padded through the method previously described.

(Exemplary Embodiment 4)
Fig. 8 is a schematic diagram depicting a padding method of a digital
picture in a fourth exemplary embodiment of the present invention.

25 A picture 920 is resolved into blocks each of which consists of M XN
samples, and then are padded. Preferably M=N=8 or 16, or anotiler arbitrary
value is acceptable, or the picture can be resolved into triangles or another
shape. Blocks 921 through 929 include partially significant samples, and
insignificant samples thereof are padded through the method previously

30 described by referring to the values of the significant samples.



present invention. Fig. 4 is a schematic diagram depicting a

third nodification of the paddi ng nethod of the digital picture in the
first exenplary enbodi ment of the 25 present invention. Fig. 5
IS a schematic diagram depicting a paddi ik nmet hod of a digital pi cture
In a second exenpl ary enbodi ment of the present invention. Fig.

6 i-s a schematic diagram depicting a padding method of a digital
i g 7715 a sche\Het DUIg 40 b Gk HUich AP ot CHBUR HEPHAS SamBles, are
2nb odi menlto aﬁgd@%%ngtpr}gg%&égléﬁ QJ%?}%% ﬁ)re%éfab'ﬂe‘lbg”) ﬁeuggd rtgr %’éﬁﬁ%é‘f dr the
nearest sample value is referred for padding. The block 930 is taken as an
example; the block 930 is nearest to a block 929 among the blocks having
5 significant samples. This is obtained by finding a distance between the
coordinates points in the upper left-_ corners of respective blocks. Then an
average of significant samples‘ in the block 929 is taken to be used for padding.
In the case of the block 931, the nearest block which has significant
samples is a block 922, therefore, an average of the significant samples can be
10 taken for padding; however, samples 934, 935, 936 and 937 in boundary can be
repeated for padding.
As such, padding block by block in the predetermined procedure can
realize more efficient calculation process.
Various exemplary embodiments are available as follows when the
15 method of padding a digital picture according to the present invention is

applied to a picture encoder and decoder.

(Exemplary Embodiment 5)
Fig. 9 is a schematic diagram depicting a digital picture encoder in a fifth
20 exemplary embodiment of the present invention. Fig. 9 lists the following
elements: an input terminal 201, a first adder 202, an encoder 203, a discrete
cosine transformer (DCT) 204, a quantizer 205, an output terminal 206, a
decoder 207, an inverse quantizer 208, an inverse discrete cosine transformer
209, a second adder 210, variable length encoder (VLC) 211, a frame memory
25 213, a motion estimator 214, a motion compensator 215, a first padder 240, and
a second padder 241.
An operation of the digital picture encoder comprising the above
elements is detailed hereinafter. First, input a picture having an arbitrary
shape into the input terminal 201. Second, resolve the picture into a plurality

30 of regions adjoining each other. In this embodiment, the picture is resolved



‘Fig. 8 is a schematic diagram depicting a padding nethod of a digital
picture in a fourth exenplary enbodi nent of the present invention. 5
Fig. 9 is a schematic diagram depicting a paddi ng nethod of a digital

picture in a fifth exenplary enbodi ment bf the present invention.

Fig. 10 is a schematic diagram depicting a padding nethod of a digital
picture in a sixth exerrpl ary enbodi nent of the present invention

Fig. 11 is. a schemati | ti meth ital 10
b cture | ninteSlpeRs o Fr&ﬁa?? ohtiafh pER P AR s Seirkler bafeTem ax any
Fig. 12 is C f '
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Fig. 13 istfe %ﬁ&ﬁ@%bﬁnﬁt@ﬁ pamMWg Rl 16hé RA52 AdGHE %ﬁrﬂ@eﬁw ifthud acbﬁvﬁ@hsly
picture in a ninth exenplary enbodi mrent of the present i nventi on.

Fig. 14 is repsatweedt pictuieafrexeimdimrcedligl a fefemnceupilcthtstored)intm&ame

paddi ng net hod of the digital picture in the seventh exenplary enbodi nent
of 5t henemeren?13 ripdpt then motion estimatqy @14;5apd thegsheWerytc adimghiam

erbod nent WFbIAFRREREBR T Mesimater called’y ip8hiSe Victor) shSheAES the”
di-agram deml,ehictfhed ofdrdall h m@%a& Rhrdirith resPBATkIAHE BRI bidk
o ’ SPOCTORHE

digital ure In nin enpl ary enbodi nent e present
i nventi On through the blbdk-mbichinga ntethetdtbt Cothied gfrdthodfi cThigd,a seaddtinig

met hod of a digital
motion vector to the motion compensator 215, where a prediction block is
10 produced from the reference picture. The motion vector is sent to the VLC 211
via a line 228, and is converted into a variable length signal.

The subject block is sent to the first padder 240, where the block is
padded through the method previously mentioned to produce a padding subject
block. A prediction block is sent to the second padder 241, where the block is

15 padded through the method previously mentioned to produce a padding
prediction block.

The padding subject block and padding prediction block are sent to the
first adder 202, where a difference between the two blocks is found to produce a
differential block, which is compressed by the encoder 203, namely by the DCT

20 204 "and quantizer 205, in this exemplary embodiment. The quantized data is
sent to the VLC 211, where the data is converted into a variable length code,
which is fed together with other side information including motion vectors into

" the output terminal 206.

On the other hand, the compressed data is sent to the decoder 207, where

25 the data is expanded, namely, the compressed data undergoes the inverse
quantizer 208 and is expanded into a data in spatial domain by IDCT 209.
The expanded data of the differential block is added to a padding prediction
block data which is sent via line 227 to produce a reproduced block. The data
of the reproduced block is stored in the frame memory 213. To indicate

30 whether a sample value is significant or insignificant, a corresponding shape



‘picture in a tenth exenplary enbodi nent of the present invention. 25
Fig. 18 is a schematic diagramdepicting a first nodification of the
paddi ng nethod of the digital picture in the tenth exenplary enbodi nent of

the present invention. Fig. 198 s a flow chart depicting a
paddi ng nethod of a digital picture in a 11[err] exenplary enbodi nent
of ‘the present invention. 30 Fig. 20 is a schematic diagram depicting

nmbodi ment_af a nethod, of . ..
10 CMOY Daentlyehofag i Shhsaanantivdesedydais voades pefheRns. ALhaEho s e
di gi tal [ s 1larr] exenpl ary enbodi ment of the present
ilnglantion, nvﬂ%?%tgwfﬁﬁdfhé@fs‘%}%ﬁ{vvsg%én] exarrprr})e; g paddi ng val ue is an average of
significant pixeds gathies subject/blotkethdhopr@didteod Bloéckoaiépaddeds wWikteby B

shows an exanpl e; a paddi ng val ue
large predicted error, which is caused by a shift of an edge part because of a
5 motion compensation, can be suppressed.

This is not shown in the drawings; however, the padder 246 can be
placed before the motion compensator 215. In this embodiment, DCT is
adopted; however, a shape adaptive DCT, subband or wavelet can be adopted
instead.

10
(Exemplary Embodiment 6)

Fig. 10 is a schematic diagram depicting a digital picture encoder in a
sixth exemplary embodiment of the present invention. The sixth exemplary
embodiment has basically the same operation as that of the fifth exemplary

15 embodiment. The different point is at the first adder 240, a value for padding
the prediction block is used for padding the subject block. This value is
transmitted from the second padder 241 via a line 243 to the first padder 240.
_Sharing the padding value as such makes almost all the differential values “0”
(zero), whereby the prediction error is further suppressed.
20
(Exemplary Embodiment 7)

Fig. 11 is a schematic diagram depicting a digital picture decoder in a
seventh exemplary embodiment of the present invention. Fig. 11 lists the
following elements: input terminal 301, data analyzer (parser) 302, inverse

25 quantizer 304, IDCT 805, adder 306, output terminal 307, frame memory 309,
motion compensator 310 and a padder 330.

An operation of the digital picture decoder comprising the above
elements is detailed hereinafter. First, input a compressed data into the input
terminal 301, then analyze the data by the data analyzer 302, second, output

30 the data of the compressed differential block to the decoder 303 via a line 312,



5 is repeated significant pixel values arranged al ong the horizontal
direction, and (C shows anot her exanple; a padding value is repeated
significant pixel values arranged al ong the horizontal direction.

Fig. 21 is a schematic di agram depicting1& enmbodi nent of a nmethod of
padding a region, which is enployed in the padding nethod of the digital 10
picture in the 12[err] exenpl ary enbodi nent of the present invention, where
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direction. Fig. 22 is a flow chart depicting a padding nethod of

a digital piffererdialnblack undergpes the bxerpé qupntizoo GOdeard HDCTh80H wherd a

I nvention. . ig. 23 ids a flow chart depicting a second .

modi fi cti Gigeal imdhgaHganguey domaim iy teansfprmed gt 2 signal, i ithe spafjalr r
exenpl ary odi mengy of t.h rgsent 20 invention. . - . Fig. 24 is a
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paddi ng_ Meldigthhisaté® 3100 KrePafi dtldiebdl fbh Bodélstik lthe @Rl bemory 309 is
enbodi ment of "t he present Invention. g. 25 1s a schémtic

di agr am of prodaced Basedion! theofmotion véctoy rardagaediction block g brodecadadsingg

met hod of the . digital picture in the 14[err] exenpl ar

the picture to be stored in the frame memory 30g. Then, transmit the

10 prediction block into the padder 330, where insignificant samples are padded
through the method previously detailed, and thereby producing a padding
prediction block. Next, input the padding prediction block and the expanded
differential block into the adder 306 to add both the block, thereby producing a
reproduced block. Finally, output the reproduced block to the output terminal

15 307, and at the same time, store the reproduced block into the frame memory
309.

The above embodiment describes that the prediction block undergone the
motion compensatioﬁ is padded; however, the block can i)e padded during the
motion compensation, which includes overlapped motion compensation. To

20 indicate whether a sample value is significant or insignificant, a decoded shape
signal should be referred, although this is not shown in the drawings. Fig. 14
1s a schematic diagram depicting a first modification of the padding method of
the digital picture in the seventﬁ exemplary embodiment of the present
invention, and has basically the same operation shown in Fig. 11. In this

25 embodiment, the padder 332 is placed before the motion compensator 310.

(Exemplary Embodiment 8)
Fig. 12 is a schematic diagram depicting a digital picture encoder in an
eighth exemplary embodiment of the present invention. The basic operation is

30 the same as shown in Fig. 9. The padder 212 is placed before the frame



efrbodi ment of the present invention. Fig. 26 is a schematic
diagramof a third exanple of the picture padded t hrough t he paddi ng
met hod of the digital picture in the 14[§ér] exenpl ary enbodi nent of
the present invention. 30 "Fig. 27 fs a block diagram depicting a
digital picture encoder utilized in a 11 15[ err] exenplary
enbodi nent of the present invention. .Fig. 28 is a bl ock diagram

depi cting L ' QU | | bi | gt he
SePL 119 ! S o St Mk of ot aieiaab bLgcd 3l
a bl ock di agramtdgsiadly paddediginiediapilg! UFarfiegatherpadddriZzerisi plased before
16[ err] exenpl ary enbodi nent of the present invention. Fig. 30 is
a bl ock di dgCan204pi The mpdaeridfidt padsptle bicekerspotleat DOT coefficiemta becomes
smaller. Regarding the differential block, in particular, insignificant regions
5  of the subject blocks are padded with “0” (zero).

Fig. 13 is a schematic diagram depicting a padding method of a digital
picture in a ninth exemplary embodiment of the present invention. The
padder 246 is placed after the motion compensator 215, which is an additional
element to those in Fig. 12. After the motion compensation, the predicted

10 signal is further padded in order to give an effectiveness of suppressing the
prediction errors. This is not shown in the drawings, however, the padder 246

can be placed before the motion compensator 215.

(Exemplary Embodiment 9)

15 Fig. 15 is a schematic diagram depicting a digital picture decoder in a
ninth exemplary embodiment of the present invention. This decoder
corresponds to the decoder depicted in Fig. 12. The operation of this decoder is '
basically the same as that in Fig. 14. In this embodiment, a padder 308 is
placed before the frame memory. 309, whereby a reproduced block can be

20 padded immediately and then stored in the frame memory 309.

Fig. 16 is a schematic diagram depicting a first modification of the
decoder of the digital picture in the ninth exemplary embodiment of the present
invention. This decoder oorréspbnds to that in Fig. 13. The operation of the
decoder is basically the same as that in Fig. 15. Only the different_ point is

25 that a padder 330 is placed after the motion compensator 310 in order to pad
the predicted block.

(Exemplary Embodiment 10)
Fig. 17 is a schematic diagram depicting a padding method employed in

80 an encoder/decoder of a digital picture in a tenth exemplary embodiment of the



17[err] exenplary enbodi ment of the present invention. Fig. 31is
a bl ock diagramdepicting a digital picture decoder utilized in a

18[err] exenplary enbodi nent of the present invention. 10 Det ai | ed
Description of the Preferred Embodi ments 21 The present invention
Is detailed hereinafter by referring to exenplary enbodi nent s.

(Exenpl ary Enbodinent 1) 15 Fig. 1 i1s a schematic diagranldepicting a
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sanple fromthe picture. Pixels 502-507 are significant 'sanpl es

ot her sanpl signifiearitnsamplés 948t an@@ollected imsihificamtbeminplust 944. sAapertion
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First, scan ea I'ne o e pircture 50 this scanning process, when
a significant salpkke decsthiratiosch ireFigal1ue atgieaaabd iblockUdst id piEdbd 2ndthen

sent to the adder 306. Inthe padder 330, the entire insignificant region (of the

predicted block) 946 can be padded; however, it preferable to pad the

10 insignificant region of the predicted block covered by the significant region of
the subject block because of the less calculation volumes. By referring to the
shape of the subject block 940, both the significant and insignificant regions are
determined (region 947 of the block 942), and then only the region 947 is
padded by referring to itself.

15 Fig. 18 is a schematic diagram depicting a modification of the padding
method employed in a digital picture encoder/decoder in the tenth exemplary
embodiment of the present invention. Assume that no significant samples
exist in a subject block of padding, and the padder 308 shown in Fig. 15 is used
as an example. Assume that a block 962 of Fig. 18 is the subject block of

20  padding, and since no significant samples exist in this block, the block cannot
be padded within the block by referring to itself.

In order to overcome the above problem, find an adjacent block
comprising at least one significant sample, and pad the subject block by
referring to the adjacent block. The padder in Fig. 15; however, reproduces

25 the block 962 in advance of the block 964, thus it is impossible to pad the block
by referring to the block 964. Tl;en, search the reproduced blocks 966, 965,
961 and 963 sequentially for a first block which contains significant samples,
and pad the block by referring to the found block.

In the case that the predicted block undergone the motion compensation

30 does not have a significant sample, a subject block is padded in the same



insignificant sanple, e.g., when the first line is scanned, paddi ng process
I S not done because of no significant sanple, and when the second |line
.S scanned, 30 sanples 509, 510 and 511 are insignificant, while a sanple
502 is significant, 22 12

thus the insignificant sanples are padded with a value "a" of the sanple
502. In other words, the value of sanple 502 is repeatedly padded to

ne adi oi oS A
the cahe. e 44 ke AR e RuroBte oA nAFE R Bl dpt”
sanpl es 51§am§§r!]l§ it beide adjacent tol e lshibjett! BIBEk] SAPAMIEBE 3F @R atthg HE

second lin d the fourth'line is not padded because of no
si gni fi canpadding ealuecdbe pincadwsraghfifnidthed paddepetitive pddiinganethbdand
third Iines have significant val ues. Next, based on the picture

508, the renmainiThe Rhevesmbaskimenss papee that the picture encoder and decoder of
5 the present invention can encode insignificant pixels, which do not influence a

picture quality, by making the pixels such values as increasing the coding

efficiency, whereby the coding efficiency is promoted, thus the encoder and

decoder of the present invention have a great advantage in practical uses.

10 (Exemplary Embodiment 11) | )
' Fig. 19 is a flow chart depicting a padding method of a digital picture in
an 11 exemplary embodiment of the present invention. First, input a picture
having an arbitrary shape, second resolve the picture into regions adjacent
with each other, third, scan each region according to a predetermined order,
15 and finally, process each region one by one according to the flow chart shown in
Fig. 19. In this embodiment, start scanning from the upper left and follow the
same order as the raster scanning. The scanned region can be a triangle,
rectangle or square. In this embodiment, the picture is resolved into squares
each of which consisting of NXN samples, where N=8 or 16. The square of N

20 XN samples is called a block hereinafter.

On Step 12, determine whether a subject block is entirely outside an
object (picture having an arbitrary shape) or not. When the subject block is
entirely outside the object, every sample of the subject block is not significant
sample. In this embodiment, to determine whether a sample value is

25 significant or not, the shape signal of the respective picture is referred. When
the shape signal is “0”, the sample value is insignificant. When the shape
signal is “1”, the sample value is significant.

When the subject block is not entirely outside the object, advance to Step
14. Then determine whether previous blocks adjacent to the subject block are

30 entirely outside the object or not, where the previous block is the block already



padded. As shown in picture 519, scan the picture in vertical direction,
and 10 pad insignificant sanples 520 and 528 respectively with the sanpl es
509 and 515 whi ch have been padded in the picture 508. As such,

sanpl es 521-527 and 529-535 are pado"eﬁ in the sane manner.

Through the above steps, the insignificant sanples can be padded in a

sinpl e manner while the continuity between the sanples is naintained, and
15 theref L o 3 ' | Ci L RGLaudi i of
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however, t heccoeding tugagpredgternsinadt mdthoche QPndshepe’s atleosaingls satuaf 6£the
20 Further, a nethod of vertical scanning first, followed by horizontal
scanni ng  previpuy bipcks adigcenieto the subjast tblooks is snhstatutedevitbnthe padding
the samples is h q&'&nt ai neld, t hods O‘ifgeﬁ{) t han paddi ng an insignificant
sanpl e Wi t valge so that the samplevalues arg pa l e are applicable.
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paddi ng met hod of _ preture nt I'Ts _ _

the PresStep i 20.enThed. déterhdife Pivhibthicy $RS, profedusd bivtkisZ 88fadbns GRANThAY
i's performed, mrroring can be done with respect to the boundary as a
center sulgevkeblockhis éntdredyiouitsidet thenobjectyor fniotanWissmphe preFmuseblacks e,

sanpl es 511 and, 502 are_.the boundary in.a mrror, and_.a val ue of
Sag& e 502 fxe Bgh §ppitrglfyeguts?de the 0%5'1 ct aypa({'ding value is calculated aocorging to

10  the predetermined method on Step 22, and the sample values of the subject
block are substituted with the padding value on Step 24 so that the sample
values are padded. When the adjacent previous blocks are padded on Step 18,
the previous blocks can be taken as not to be entirely outside of the object on
Step 20. Repeat this process until the last block is processed (Steps 26 and

15 28)

(Exemplary Embodiment 12)
Figs. 20 and 21 are schematic diagram depicting calculation methods of
padding values. Fig. 20 shows a case where a present block is adjacent to a
20 previous block in a horizontal direction. In Fig. 20(A), a block 132 is a present
block and a block 130 is a previous block. Each lattice represents a sample
(pixel) of the picture. Assume that a block 130 is entirely outside an object,
and take an average of the values of significant samples, 134, 136, 138, 140, 142
and 144, then substitute the average value for each sémple (lattice) in the
25 Iirévious block for padding. In Fig. 20(B), pad each sample (lattice) of the
previous block 146, which is entirely outside the object, by repeating values of
significant samples 150, 152, 154, 156 of the present block 148. In 6ther words,
each lattice on the first, second, third and fourth lines of the previous block 146
is substituted with the values of samples 150, 152, 154, and 156. In Fig. 20(C),
30 the present block 160 is entirely outside the object and the previous block 158 is



30 into a value of sanple 511, then a value of sanple 503 is substitute
into a 13 sanpl e
510. As such, the picture 501 is sequentially padded al ong the arrow
mark, to the picture 508, and then to th@ﬁﬂ(ane 519, until all

I nsi gni fi cant sanpl es are padded. Fig. 3 is a schematic
di agram depicting a second nodification of the 5 padding nethod of the

digital pi Su{s@d%]ggefdﬂjé&. elﬁgﬂﬂl\,’\ﬁﬁﬁs@ hpg m@fc]goéf ﬁ{laegresepépﬁ;lgéf 60 is

i nvention. This net i s applie en an 1nsignifican anp

| ocat ed betywddedshyRepéating vahigd @sighifieane saingles i162n164, S6EABHNES 6f the
detail ed here, however, the details can be applied in the case of

scanni ng otpemvious blodkrld& i ons: Sanpl es 612 and 613 are padded with a val
of a sanple 602._10 Another nethod is that_ sanples 611 and 614 can be
padded with a vaFi &} depicts the case where the present block is adjacent to the
5 previous block in a vertical direction. In Fig. 21(A), a block 172 is the present
blﬁck and a block 170 is the previous block. Each lattice represents a sample
(pixel) of the picture. Assume that a block 170 is entirely outside the object,
and take an average of the values of significant samples 174, 176, 178, 180, 182
and 184 which are contained in the present block 172, then substitute the
10 average value for each éample (lattice) in the previous block 170 for padding.
In Fig. 21(B), pad each sample. (lattice) of the previous block 186, which is
entirely outside the object, by repeating values of significant samples 190, 192,
194, 196. In other words, each lattice on the first, second, third and fourth
rows of the previous block 186 is substituted with the values of samples 196,
15 194, 192, and 190. In Fig. 20(C), the present block 160 is entirely outside the
object and the previous block 158 is not outside the object. In this case, each
lattice of the present block 198 is padded by repeating values of significant
samples 1100, 1102, 1104, 1106 of the previous block 199. This embodiment
details a block of 4X4 for making the long story short, but the same description
20 can be applied to a block of NXN (N: arbitrary integer.)

(Exemplary Embodiment 13) _
In Fig. 22, Stgp 18 is added to the flow chart shown in Fig. 19. In other
words, when a present block is not entirely outside an object, the region
25 contained in the present block and outside the object is padded through Step 13
and thereafter. The presént block 132 of Fig. 20(A) is an example of a block
containing regions outside the object. Samples 134, 136, 138, 140 142 and 144
are significant and within the object. The other samples (the lattices not
painted) are insignificant and outside the object.

30 A method of padding these insignificant samples is to substitute the

ue



sanple 607. The first method is that sanples are scanned fromleft to right
by extending a significant sanple as it is for padding. The second
.nethod is that sanpl es are scanned fromright to left by extending the
significant sanple as it is for paddi®hg. The third nethod is that an
insignificant sanple is padded 15 wth its nearest sanple along the
scanni ng direction. Sanples 615 and 618 are padded by this nethod.

Lastly. pectt of ; . :
ast'y a“abéﬁf%{‘%f é1§ﬁﬂ%ca§ﬁsr§%§pl!e§ t?@f‘%%ﬂ. W Fh&%mbodmﬁé’x?rtrﬁ i’t‘gé sﬁﬁdﬂsig‘%l os

significant sa S Oon both sides o e insignificant sa

616 and 61738rghdadded Byuddiry dfetiepdated in the horiZongal dnd Yeftical&iwBétions
diagram depicting a third nodification of the 20 paddi ng nethod of the

di gital pifarupadding. heWihiems twoxgadslingyvalmes direeavaiddblehan averageetteneof is
e e R RSt ks B o bl e G RO A,
701 corfbr i tee saBiEs PLile prFeE btk 457 Erb&ica wHith g vnigueatug, Hictelf,
et - oo ohac etk 1150k CATHCpalRed Rl SpP NS 8y Etidiing fhe VERIY B

usi ng si gnisfgrdfisant sapiples of théprasert Blochasidetingatt fie Powidary BORvddn ohigh
vertical scanning. On the other hand, as shown in a picture 705,

i nsi gni fi caresent and previeusdlecks assthomwn e Mg c20(Barfiga §1{B). stAn avéragen
Dy O 20N Bl SSANIENg, 30 A% AVt £9°,20 0% B S SRl Kkl 1R,
10
(Exemplary Embodiment 14)
Fig. 28 is a flow chart depicting the processes where the previous block
adjacent to the present block in horizontal direction is utilized on Step 15, 19
and 21 shown in Fig. 22. Fig. 24 shows a picture 108 which is an example
15 padded through the process shown in Fig. 23. A star shape 110 is a significant
object, and the other part consists of insignificant samples. The picture 108 is
resolved into blocks of 7X7. A block having the same texture as the block
1114 is padded through Step 19 or Step 24 shown in Fig. 23.
The padding method of this embodiment is described by feferring to Figs.
20 23 and 24. First, the block 1112 is discussed. Since the present block 1112 is
not entirely outside the object on Step 12, the present block is padded through
Step 13. On Step 15, the previous block adjacent to the present block is not
entirely outside the object, thus no padding is provided.
Next, the block 1114 is discussed. Since the present block 1114 is
25 entirely outside the object, the process is advanced to Step 21, where the
previous block adjacent to in the horizontal direction is not entirely outside the
object, thus the present block 1114 is padded by referring thereto on Step 24.
Finally, the block 1116 is discussed. Since the present block 1116 is
entirely outside the object on Step 12, the process is advanced to Step 21, where

30 the previous block 1115 is not entirely outside the object, thus the present block



14 707 is produced. This paddi ng nethod can mai ntain sequence between

t he significant sanples and the padded sanples even in a nore conpl ex
.pi cture, and thus can deal wth calcggations efficiently while
mai ntai ning a picture quality. 5 (Exenpl ary Enbodi nent 2)

Fig. 5is a schematic diagram depicting a paddi ng nmethod of a digital
picture in a second exenpl ary enbodi nent of the present invention.

A picture 29%6%)ﬁgpﬁggﬁﬁ%&%i%&ewbyﬁ g4sanpl es 802. First, scan 10

the pictur substrtut®e significant sanple values into
the near estwhés itH8bloclant 1y @@’gk&iesééd Rhediegent BloekW H BliBnot éntildy

sane time, scan the picture 1 vertical 'y, and substitute significant
sanpl es i nbatdile theabgst on Step 12, thus the block is padded on Step 13. On Step 15,
the previous block 116 adjacent to in horizontal direction is entirely outside the
5 object, the previous block is padded on Step 19. In other words, the block 1116
is padded twice. When a plurality of padding values are available, an average
of these values are taken, or one of these values can be selected for padding.
The picture 108 is thus padded through expanding thereof in the horizontal
direction.

10 When the horizontal direction is changed to vertical direction in the
processes on Steps 15, 19 and 21, a picture undergone the padding through
vertical expansion as shown in Fig. 25 is obtained. When both blocks adjacent
to in horizontal and vertical directions are processed in combination, a picture
which is padded through extension in both horizontal and vertical directions as

15 shown in Fig. 26 can be obtained. In this case, when a sample is padded twice
or more, an average of all the padding values or a part of them are taken.
When a plurality of padding candidates are available, the nearest candidate in
the process order can be used.

A picture encoder and decoder which employ the padding method

20 according to the present invention is described hereinafter.

(Exemplary Embodiment 15)
Fig. 27 depicts a digital picture encoder used in the 15% exemplary
embodiment. Fig. 27 lists the following elements: input terminal 201, first
256  adder 202, encoder 203, discrete cosine transformer (DCT) 204, quantizer 205,
output terminal 2.06, decoder 207, inverse quantizer 208, inverse DCT 209,
second adder 210, variable length encoder (VLC) 211, padder 212, frame
memory 213, motion estimator 214 and motion compensator 215.
An operation of the digital picture encoder comprising the above

80 elements is described hereinafter. First, input a picture having an arbitrary



i nsigni ficant sanples to produce a picture 804. An aver age of
the pictures 803 and 804 is taken to produce a picture 806. 15 An average
of. the collected significant sanples 802 would result in the sane

val ue, thus the averaging is not needed. 27 Since there are some
sanpl es val ues doubl e padded in the picture 803 and 804, an average of
both the padded values is taken. If there is only one padded val ue

the padas ngRAPEabE the AL ErnlfallBGh PhekralBI (A BiBhEd b K Puealinaf g
val ue renaigsidg aﬁijaéé}ﬁ! WitH 4ANStHRATPIR ths dtabbdiméht, thebAL i F&Ned in

sanple is then to be padded with a value of the nearest significant

sanpl e or padBI®B blockssappl@X Mhdiodkst eadwererp thepblddks Garalbeesesvleed into
avai |l abl e, an aver gge of t hese val ues, or one of themis used for
paddi ng. Alalrbﬁiaﬂﬁr apes finally 25 padded as shown in a picture 811.

bet veondt e col 1Bt Sl SReIR PERISIEtin| Babing TYRIPGhPIGSk A Paddne duto the

Do or T B0l YLK 308 vib éf%ﬁehéz?»?‘eﬂ%' He/ sEHRHAE Tapht & piéviously

reproduced picture (called “reference picture”) stored in the frame memory 213
~ into the motion estimator.
PAF 3TTEMHREBADT, RHEEOH THRVWELEEELEFELET.
10

Send this motion vector to the motion compensator 215, where a
predicted block is produced from the reference picture. Send this motion
vector also to the VLC 211 via a line 228, where the vector is converted into a

15 wvariable length code. Then, send the subject block and predicted block to the
first adder 202, where a differential block is produced by using the difference
therebetween. Next, compress the differential block in the encoder 203. In
this embodiment, the differential block is compressed in the DCT 204 and the
quantizer 205. .

20 On the other hand, send the compressed data to the decoder 207 and
expand it. In this embodiment, inversely quantize the compressed data in the
inverse quantizer 208, and then expand thereof into the data in spatial domain
in the IDCT 209. Add the predicted block sent via a line 227 to the expanded
differential block to produce'a reproduced block. Then, input the reproduced

25  block to the padder 212, where insignificant samples of the reproduced block
are substituted for padding through the padding method described in the 11%
exemplary embodiment. Then, store the padded reproduced block in the
frame memory 213. Refer to the shape signal already encoded or decoded
when a sampie value should be indicated as significant or insignificant (this is

30 not described in the drawings though.)



'Fig. 6 is a schematic diagram depicting a paddi ng method of a digital
picture in a third exenplary enbodi nent of the present invention.

A picture 901 conprises collected significant sanples 902. In this

enbodi ment, a region 904 surroundi ng the28ol | ected si gni ficant sanples 902
is 5 determned and an insignificant sanple is padded wthin the region
904. The sane paddi ng nethod detailed above is utilized also in this

DO TP g t o THEP SR pb 8 80 <B0R 5 AROAGTL MO 21850RL €. TR

by referring to us al I insi"gni i cant”sanples

are paddedjf k. 240 25 6r 5¥)6.9end the paddedTPRtuRINIA Dlihel 229161 e otion
rectangul ar; however, it may be another 10 " shape. The region 904 nay be
t he snal | esstimatdralddiaaxd tid motiomodomipengdtor 215. dnlthecémbodiment, iarpattive
sanpl es 902, or a _rectangular, after extending the smallest rect anqul ar
by "k" sanpres ofTthe matign egtimatonaand mmeldon seompensatosiis dimitedhwithin the

rectangyl ar 680, SaLSE Y. NSSEIELILT EOME M 08 i 26l i SeHS! S gLe
samples outsides the padded region are not accessed.

Fig. 28 depicts the picture encoder having a recorder 229 coupled to the
picture encoder shown in Fig, 27. The data converted to a variable length code
by the VLC 211 is stored into a magnetic medium (tape or disc) or an optical

10 disc via the recorder 229. | )

As such, the region adjacent to the object boundary is padded, whereby
the active area of the motion estimation and motion compensation can be
enlarged. Thus, the predicted block with less remaining difference can be
obtained for the picture having a great motion. Further, the padding method

15 according to the present invention can suppress the delay time and calculation
volumes.

The discrete cosine transform is employed in this embodiment; however,
the shape adaptive discrete cosine transform, subband, or wavelet can also
produce the same effect.

20
(Exemplary Embodiment 16)

Fig. 29 depicts a digital picture encoder used in the 16® exemplary
embodiment. Fig. 29 lists the following elements: input terminal '301, data
analyzer 302, decoder 303, inverse quantizer 304, IDCT (inverse discrete cosine

25 transformer) 305, adder 306, output terminal 307, padder 308, frame memory
309 and padder 310.

An operation of the digital picture decoder comprising the above
elements is described hereinafter. First, input a compressed data to the input
terminal 301, then analyze the data in the data analyzer 302. Output the data

30 of the compressed differential block to the decoder 303 via a line 312. Next,



that the size of the rectangular can be a nultiple of 16. 15
Is a schematic diagram depi cting one nodification of the padding

Fig. 7

.net hod of the digital picture in the thi rg%exenpl ary enbodi nent of the

pr esent i nvention, and a picture 910

onprises collected significant

sanpl es 911, 912 and 913. The picture 910 is resolved into respective
regi ons 915, 916 and 917 whi ch include the above coll ected significant

| , . i i t,had
SRl ousl 5 UebUE B hdBidiCORGEE R kS0 AlAgBhEa ARSI A W 313° THIAR]
a schemat i Qedbasy¥ %D&e@xfdﬂdlgtlﬂa Raf rassd e traathidfin M'baktz gdad restoRd 2&

a fourth exenpl ary enbodi nent of the present invention.

Wo€al N

pi ct ure 92@xpandedaliffedentiabbibdake k Inethik exhbodineént; dheiconspresddkifferential

sanpl es, and then are padded. Preferably M:=N=8 or

or another arbitrary

16
value i s addegk amdergess the 1pverse guansizss 304 andeDCT: 30p toabg taansformed
th h . 921 th h 929 i L ud tiall [ Lfi
Snpl es adfid & sinal 3 Feadindv SRaR te, L el B 2wt Aol
met hod pr e;ih@g%}ig gﬂotigﬁ‘ Sebtdad the MbBtioh ddMpdRsdtdf 318/ES Bhe B18.

significan

In the motion compensator 310, produce an address based on the motion

vector in order to access the frame memory 809, and also produce a predicted

block using a picture stored in the frame memory 309. Then, input the
10 produced predicted block and the expanded differential block to the adder 306

to produce a reproduced block. Output the reproduced block to the output

terminal 307, and at the same time, input thereof to the padder 308. Finally,
pad the reproduced block through the padding method detailed in the 11*

exemplary embodiment, and store the padded block in the frame memory 309.

15
(Exemplary Embodiment 17)

Fig. 30 depicts a digital picture encoder used in the 17® exemplary

embodiment. The basic structure is the same as shown in Fig. 27. An

~ initializer 230 is used instead of the padder 212. Before a picture is stored in

20 the frame memory 213, the frame memory 218 picture is initialized with a

predetermined initialization value by the initializer 230. The reproduced

block tapped off from the second padder 210 is stored in the frame memory 213.

The initialization value can be a fixed value, or an average value of significant

samples of reproduced picture in the past.

25 Fig. 31 depicts the picture encoder having the recorder 229 coupled to the

picture encoder shown in Fig. 30. The data converted to a variable length code

by the VLC 211 is stored into a magnetic medium (tape or disc) or an optical

disc via the recorder 229.

30 (Exemplary Embodiment 18)



16 When bl ocks 930 and 931, which do not contain significant
sanpl es, are padded, a predeterm ned value (preferably "128") is used
for padding, or the nearest sanple value is referred for paddi ng. The
bl ock 930 is taken as an exanple; t bl ock 930 is nearest to a bl ock
929 anong the bl ocks having 5 significant sanples. This is obtained by
finding a distance between the coordi nates points in the upper left

corners of resp R . o TRES : Loy i t I

COM eSO 1 CS00F, 2 HARkS: o Th A hicture AKEIANE 8L 0BhS (0 3BBLES
the bl ock ¥bodidgeriearRshab!ogdically ahehgemsi rubiw@nhs that ia@mg?%g Safd
bl ock 922, therefore, an average of the significant sanples can be 10 taken
for paddi ngmplope\ear initiadizer 8203nsteadnf the padder 388. | Betfatealpictueais Siored
repeat ed faor paddi ng. As such, padding bl ock by block_ in the

pr edet er mi HBA %3696 ooy 09, the feame mempre ivinitmlized withcupaedetermined

\%gﬁets ﬁ B ini_tializatior\l/ 4106 Sb)‘ra )%%gp{n%inigenlp %%bma' r’1Ithse %f}aro \1/1%%(5 abqlogk at%p];)glil (())&vs
from a padder 306 is stored in the frame memory 309. The initialization value
can be a fixed value, or an average value of significant samples of reproduced

picture in the past.

10 Industrial Applicability

-

The present invention provides a simple padding method, through which

a small region undergone a motion compensation or a small reproduced region

are padded, whereby calculation volumes can be substantially reduced. Since

a subject region of padding is a closed small region, it takes a shorter delay time

15 than when padding is performed across the entire picture. Further, not only a
boundary region but also a region adjacent thereto, which comprises
insignificant samples only is padded, and a motion is estimated as well as
motion is compensated using the padded regions, whereby a predicted signal

with less difference can be obtained. These factors contribute to the higher

20 efficiency of encoding/decoding a picture having an arbitrary shape.



15 nmethod of padding a digital picture according to.the present invention
S applied to a picture encoder and decoder. - (Exenpl ary

_Enbodi nent 5) . Fig. . 9is a schematic di a i gital
pi cture encoder in f| fth 20 exenpl ary dnbodi nent lm,ﬂmﬂ'uﬁmﬂmﬂ

I nvention. Fi g T s cédowi ng el enents:” arf i dput termnal 201,
a first adder Hmﬁ 03, a discrete cosi ne transforner (DCT)
204, a quant|zer m nal . 206, a decoder 207, an
i nverse quantizer 208, an Inver se%ﬁ"?@ tg eSS ¢ r ansf or mer 209, a
second adder 210, variable |l ength encoder (VLC) 211, a frame nmenory 25

213, a notion estimator 214, a notion conpensator 215, a first padder 240

and a second paddefy %ﬂ%]haa picture datmﬂw@aﬁig Wictre! oﬂh&'tfo%!

pi cture encoder conpri sing e above el enents i's detai her el na ter

First, inpuidieatdscaniobjdotyangethvdaobdpadding a dlgrt&ﬂl@ﬁﬂ:urétcbniﬂﬁsﬂm@)the steps
term naI 201. Second, resolve the picture into a plurality 30 of regions

adj oi nifig efich ot her. (ahreseleingrasddipietre inke aplawrality pEregisns wdjacent with

each other,

(b) padding an insignificant pixel value in a region including a
boundary of a shape of said object with a significant pixel value near
insignificant pixels values, said significant pixel value undergone a functional

10 transformation. X
2. The method of padding a digital picture as defined in Claim 1,
wherein the insignificant pixel value to be padded adjoins said significant pixel
value.
156
3. The method of padding a digital picture as defined in Claim 1,
wherein an insignificant region near the region including a boundary of the
shape of the object, said insignificant region comprising of an insignificant pixel
value, is padded with a significant pixel value in the region including said
20 boundary of the shape of said object, said significant pixel value undergone the

functional transformation.

4. A picture encoder comprising:
(a) predicted picture production means for receiving a picture
25 signal as an input signal including a significant signal which identifies a pixel
value of each pixel as one of a significant pixel and an insignificant pixel, ana
pi-oducing a predicted picture signal corresponding to said input signal using a
picture signal already decoded,
(b) pixel value production means for padding the insignificant

30 pixel of said picture signal with a pixel value produced from a significant pixel

THIS SHEET HAS BEEN
REPLACED




17 I nto bl ocks each of which consists of 8-X 8; 0or 16 '“)Ti_é__éaffpl es;

however, an any ThistSbeet HisdsenReplasedbe accept abl,e, ' \ ] ect
bl ocks to be encoded tion esti mator‘ @‘\H‘“‘T““m 25. At
the same tine, input I repddduced p er eisnaf't er

called a reference picture) stored in a frane 5 nenory 213 into the notion
estimator 214, and then, output a notion di spl acenent information

vt g e vRbSE mear, Epd GPeRhiERnE il C K o P g iapmied pidih, i
bl ock- mat cghglguméggepﬁdggg?ix%t hods. Third, send this noti on vect or
conp ,

to the noti o nsator ere a prediction block is 10 produced

fromthe reference pi ggudedudtionieads forcdedudtingeni outphtaf \daid Frkdicted
via a line 228, and is converted into a variable length signal.

The subj ecipidture produstion means from ms owtpddear s24d pixdlaradue prodticizén ingeans,

padded t hrough the nethod previously nentioned.to produce a paddj ng .subj ect
bl ock. @A prediction bl(8kencedirgmeans Hors nga%e?u@&‘i(’faﬁé r‘]ileléélcﬁpﬁck
is 15 padcriggaéshr ough the method previously nentioned to produce a paddi ng

(e) decoding means for decoding an output of said encoding
means, -
() adding means for adding an output of said decoding means to
10 tfxe output of said predicted picture production means,
(g). memory means for storing temporarily an output of said
adding means for being used in said predicted picture production means,
wherein said picture encoder taps off the output of said encoding
means.
15
5. The picture encoder as defined in Claim 4 wherein the pixel
value production means pads an insignificant region comprising of an
insignificant pixel value, said region adjacent to a boundary of a shape of an
object.
20
6. A digital picture decoder comprising:
{a) decoding means for decoding an input signal,
(b) predicted picture production means producing a predicted
picture signal corresponding to said input signal using a picture signal already
25  decoded,
(c) pixel value production means for producing a pixel value from
a significant pixel value of said predicted picture signal by using a
predetermined function, padding an insignificant pixel value of said predicted
picture signal with said pixel value and outputting the padded pixel,
30 (d) adding means for adding an output of said decoding means to

THIS SHEET HAS BEEN
REPLAGED




‘prediction bl ock. ) " The paddi ng subj ect bl ock and paddi ng
predi ction bl ock are@mtbdmﬁmilﬁi[&fedfi rst adder 202, where - a-diff@erence

between the two bl ocks ro?ugg a ] chi'fferential E g ‘vvhich
£ b i O

i's conpressed by the iﬂ'mlzﬂ
VLC 211, where the data is converted into a vari able |%ndth code,

205, in this exenplary enbodi nment.

whi ch is f ¢He bagait el sald ipixél idne Produitibeni@dngyn i ncl uding notion vectors
into t he out put term nal 206. On the ot her hand, the
conpressed data is seg) membey decaune fopOstoringe temporarilie amteutipsiteshsaddd,
nanel y, the conpressed, data undergoes, t he ',%\é%r se %uanlizer 208 and is
expanded | RAing HMAANS| rgﬁbﬂg&?e Hhﬁ?-‘rﬁlwdill pigture produghionmeansded dat a

ohichis sent via | Eo%S SEpEhme BoRE, btk BB BhE B of el Sadifhy
t he repgodqﬁg plock is stored in the frame nmenory 213. To indicate 30

whet her "a saﬁ%?é value is significant or insignificant, a correspondi ng
shape

7. The digital picture decoder as defined in Claim 6, wherein the
pixel value production means pads an insignificant region comprising an
insignificant pixel value, said region adjacent to a boundary of a shape of an

10 object.

8. A method of picture padding comprising a first padding process
and a second padding process, wherein the first padding process comprises the
steps of:

.15 (a) scanning a pixel of a picture having an arbitrary shape
comprising significant and insignificant pixels along a first direction,

(b) in the first direction, producing a first padded picture by
padding an insignificant pixel value with a significant pixel value selected
through a predetermined method, and

20 the second padding process comprises the steps of:

(c) scanning each pixel of said first padded picture comprising
thé significant pixel and the insignificant pixels along a second direction,

(d) in the second direction, padding the insignificant pixel with
the significant pixel values selected through the predetermined method or the

25 pixel value padded in the first padding process.

9. A method of picture padding comprising a first padding process
and a second padding process, wherein the first padding process comprises the
steps of:

30 {a) scanning a pixel of a picture having an arbitrary shape

THIS SHEET HAS BEEN
REPLACED -




18 si gnal , e ent'I y decoded - is used as reference,

al though this is t he draw ngs.

subj ect bl ock and a ﬁﬁﬂﬂm k are gyadded, vvhe lm"”m”munllﬂnm

predi cted error, whi c a shiftt of an edge partt bécadse*of a 5
not i on corrpensatlon can be suppressed This is not shown in the

drawi ngs; however, the padder 246 can be pl aced before the notion .

conpensat okoRiprisihg significanbaddmesignificdnt pixels alewg ptfexdt dirowtion,, a shape
adaptive DCT, subband or vvavel et can be adopted i nstead. 10

(Exenpl ary Enbodi nent &) in the first dlmcglonlmmduamgﬁbmﬁns& mda@damcture by
depicting a Ital picture encad I xt enbodi ment of
the pr esemPa%H'g’é& SIWéie@PithL@ﬂ%%Wth as %H’%G e YgaBearastyto
t he sanme operati f the fifth exenplary 15 enbodi ment. The

[ Eﬁ? ﬁ{;ﬁé@ﬂﬁf@%ﬁﬁ&pﬂ S d]

di fferent adder 240, a val ue for padding t he
predi cton bl ock is ltﬁ@%eﬁ&id@ﬂ@@iﬁ‘%g%&é%h%ﬁs@é flskstepior:val ue is

transmtted fromthe second pad er 1 viaaline 243 to the first padder
240. (c) scanning each pixel of said first padded picture comprising

the significant pixel and the insignificant pixel along a second direction,
(d) in the second direction, padding the insignificant pixel with
the significant pixel values nearest to the insignificant pixels or the pixel value
10 padded in the first padding process.

10.. The method of picture padding as defined in Claim 8 or 9,

wherein said second direction is perpendicular to said first direction.

15 11. A method of picture padding comprising a first, second, third
and fourth padding processes, wherein the first padding process comprises the
steps of:

(a) scanning a pixel of a picture having an arbitrary shape
comprising significant and insignificant pixels along a first direction,

20 (b) in the first direction, producing a first padded picture by
padding an insignificant pixel value with a significant pixel value selected
through a predetermined method,

the second padding process comprises the steps of:

(c) scanning each pixel of said first padded picture comprising

25 the significant pixel and the_ insignificant pixel along a second direction,

(d) in the second direction, padding the insignificant pixel value |
of said first padded picture with the significant pixel value selected through the
predetermined method or with the pixel value padded in the first padding
process, and producing a second padded picture,

30 the third padding process comprises the steps of:
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"Shari ng the paddi ng val ue&g&aﬁm&es almost all the differential val ues

"o" (zero), whép i tion error is furt ee0

-( Exenpl ary Enbodi nent \“\mm ‘\ Fig.351 is a schellrm[“ﬁmrlmﬂﬂmuur
depicting a digital p in a sevent h exenplary esbodl ment
of the present invention. Fig. 11 lists the foll owi ng el enents: input
term nal 301, data analegzer (parser) 302, inverse 25 quantizer 304, |DCT

305, adder 306, out put(e)seanpig Horpivel ofisaid pietprsdmving an grbitsary shape
conpensat or 310, and a padder 330. . . . An eratj o f the digital

El ct ;JI’ e deﬁ?&??—‘ Frpt #R .égggglﬁcar.xt %‘P‘@ﬁ%ﬂﬁ%ﬁ%%’é‘gé%%‘ip%r ei nafter.
irst, input a conpres . .t he: . _teti.na .

anal yze the data by thg?g%&?eztryal?@;aé%%b%p@teocdgﬁé?goau'?' i 85&8%%@&%@.{}3 %¥

t1 ge conpr egggdirt ahehredighFicabltOfikel Y16 WtOACEigHiBeyhe pixél RE1w Zelected

©

5 through said predetermined method, and
' the fourth padding process comprises the steps of:
(g) scanning each pixel of said third padded picture along a
fourth direction, .
¢h) in the fourth direction, padding an insignificant pixel value

10 with a significant pixel value selected through the predetermined method or
the pixel value padded in the third padding process, and producing a fourth
padded picture, and

(i) taking an average of said second padded picture and said
fourth padded picture.

15

12. A method of picture padding comprising a first, second and
third padding processes, wherein the first padding process comprises the steps
of: (a) scanning a pixel of a picture having an arbitrary shape
comprising significant and insignificant pixels along a first direction,

20 (b) in the first direction, producing a first padded picture by
padding an insignificant pixel value with a signiﬁcant- pixel value selected
through a predetermined method,

the second padding process comprises the steps of:
{c) scanning each pixel of said first padded picture along a

25 second direction,

(d) in the second direction, padding an insignificant pixel value
with a significant pixel value, and producing a second padded picture,

(e) taking an average of said first and second padded pictures,
and producing a third padded picture, wherein whep both the first and second

30 padded pictures have one of a significant pixel value and a padded pixel value,
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ﬁr o.the notion conpensator 310 via a |ine 318.

t

' l3ted conpressed di fferenfy
restore thereof tonJ differgntial block, H'ﬂll}ﬂ'lﬂl“l“ﬂ"s‘“‘
enbodi nent, the co fferenttal bl ock undergoes tthe ™ nserse
quantizer 304 and I DCT 305, where a 5 signal in the frequency domain is
transforned into a signal in the spati al domai n. Then, input the
notion vectgh atieRage lof thedd FahisOid Hfed by pAdding the THEF phdded YctiReadaNn
address for accessing the frame nenory 309 is produced based on the
nmot i on vect whenaome atg phefirst aod deicond pasldedopicterk hasrgsignificant pikeltwalaef o
be stored in the frame menmpry 309. Then, transmt the 10 prediction block
into the pathisigraticanhaixel; valngisriseshforsaagding the thindipadded pichinsygnd
t he met hod evi,oysl tail and th by. produci ng_a paddi n .
predi ction %PQO%MF?&S%ﬂ%%%Qna&Hﬁ% %‘Fg‘bﬁ’_ecgtti?%‘ff’gﬁf’@&n%ﬁégf R ¥MH8ed
differergia .t dd @@e@i : t : ehy -
pr oduci r?)tg al‘ ﬁk@fz?%%{ré ogfuglg%t "0 ? |ngﬁtggg3%)?{ps%fi @Eﬁ%ggﬁ%b ﬁ"&fgﬁa%to
the out put pidelivailie, Bnd fHe/thidd addind précdeB chfrises tHetsteps ofepr oduced
bl ock into the frane nenory 3009. The above enbodi nent
describes that the pred{fftakingbdnavenage vgbreof bke significant gnxelsrmeusat then

i s padded; however, the hlock_can be padded during the not i on
conpensat i om&miiqan;tm candyer | apped notion conpensation. To

“third, output a notj.op Vv
In t he decode?d"jﬁﬂ[lﬁ

-

(g) padding the insignificant pixels with said average value.
10
13. A method of picture padding comprising the steps of:
(a) resolving a picture having an arbitrary shape comprising N
(N=1, 2, 3, 4 ....) pieces of aggregates having discrete significant pixels into N
pieces of regions surrounding said N pieces of aggregates, and
15 (b) padding an insignificant pixel value with a padding value
produced through a predetermined method using said significant pixel

surrounded.

14. A method of picture padding comprising the steps of:

20 (a) resolving a picture having an arbitrary shape into a plurality

of regions,
®) produéing a padding value through a predetermined method

using a significant pixel in a subject region which includes at least ome
insignificant pixel,

25 (c) padding the insignificant pixel of said subject region with
said padding value.

15. A method of picture padding comprising the steps of:
(a) resolving a picture having an arbitrary shape into a plurality

30 ofregions,
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‘0 indicate whet her

el S significant or insignificant, a
decoded shape 5
the draw ngs. Fig. 14

referred al t hough tl} ’m
errat | g7di agr am depi ctr ’” H!lemﬂ "I
nodi fication of the p the digital cturér

sevent h exenpl ary enbodi nent of the present .inventron and has
bastcally the sane operation shown in Fig. 11. In this 25 enbodi nent, the
padder 332 is placed bdbppedding astibject cegivenwhich irdd0des no significeartppire}
Enbodi nent 8) 12 | s a schematic diagramdepicting a digital
pi cture encW@I@kaPﬁeMermme‘gP Pr%r ary enbodi nent of the present

I nvention. The basic operatron |s 30 the same as shown in Fig. 9. The
padder 212 is placed before the frame

20 16. A digital picture encoder comprising: input means, first

5 padder, predicted picture producer, second padder, first adder, encoding means,
decoding means, second adder and frame memory, wherein a picture having an
arbitrary shape is fed into said input means, an insignificant pixel contained in
said picture having an arbitrary shape is padded by the first padder with a
padding value determined through a first method, a padded input picture is

10 produced, a predicted pieture is produced using said frame memory by said
predicted picture producer, insignificant pixels of said predicted pictu:;'e is
padded by the second padder with a padding value produced through a second
method to produce a padded predicted picture, the padded picture and the
padded predicted picture are fed into the first adder, where a differential

15 picture is produced, the differential picture is fed into said encoding means to
be compressed into a compressed differential picture through a predetermined
method, the compressed differential picture is fed into the decoding means,
where the compressed differential picture is restored to an expanded
differential picture, which is fed into said second adder, where said padded
20 predicted picture is added to the expanded differential picture to produce a

reproduced region, and the reproduced region is stored in the frame memory.

17. A digital picture encoder comprisihg: input means, a first

padder, predicted picture producer, second padder, first addei', encoding means,

25 decoding means, second adder, and a frame memory, wherein a picture having
an arbitrary shape is fed into said input means, a predicted picture is produced
using said frame memory by said predicted picture producer, an insignificant
pixel contained in said predicted picture is padded by the first padder with a
padding value obtained through a predetermined method, a padded predicted

30 picture is produced, an insignificant pixel of said picture having an arbitrary
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frenory, whereby a re %ngegaslﬂeglqig happed of f fromthe adder 210 can _be

advant ageousl y padde urther t he padder 2 l/w ed before
.DCT 204. The padder 24 lﬂﬂﬂ M‘I cks gg that DCT coe ”ﬂ
smal l er. Regarding the bl ock, in part i cul ar, ifnsic i/

regions 5 of the subject blocks are padded with "0" (zero)

Fig. 13 is a schematic diagram depicting a padding nethod of a digital

pi cture i nskapé it haddednblyathe sevondi pedderitiha paddmg valuecobtained theough
padder 246 is placed after the notion conpensator 215, whi.ch is an

addi t i onal the predef@rmpedomeﬁb% tiOn pm%ucel;a PRIdtdé”fd impupicires d%&eﬁ@éflﬁén,

the predicted 10 urt ed in t

of fett | verbibuty aadeonadded Bredicted Bistife alte drdcintbritd Hisihader, srbetotn
in the dra [ﬂ?% e ;
not i on con% an?ﬁ%i%e i$ BFO d Eh%é%‘e]ifr% %aé?gnt 9 Sﬁgqnp&%g{ieﬁ&ﬁfgg'
a schemt i gddnddtdMdlPhiPreBsed iftdid FonbhrsHsd dﬂéi@ﬁhaﬂgpitture thibﬁgh a
exenpl ary enbodi nent of the present invention. This deco

cor r espondprédetehmined adethats pthet edmipreSsed differdhtiad pmcmrea ns ofedt o the

decoder is . basically _the me as that, in Fig In this enbodi nent,
a padder 3dsceding meapsaeré@rsﬁw@r @omaéeaseénélfﬁﬁ@mtga 3@@‘3%&? gsgtoged to an’

reprt oducede}tgll)gﬁge&; %1fferent1al picture, which is fed into said second adder, where said
padded predicted picture is added to the expanded differential picture to
10 produce a reproduced region, and the reproduced region is stored in the frame

memory.

18. A digital picture decoder comprising: input means, a data
analyzer, decoding means, adder, predicted picture producer, padder and a
15 frame memory, wherein a compressed data is fed into the input means, the
compressed data is analyzed by the data analyzer to output a compressed
differential signal, said compressed differential signal is restored to a expanded
differential signal by said decoding means, a predicted signal is obtained from
said frame memory by the predicted picture producer, an insignificant pixel
20 value contained in the predicted signal is padded through a predetermined
method and a padded predicted signal is produced by the padder, the expanded
differential signal is added to the padded predicted signal by the adder to
produce and output an reproduced signal, at the same time, and the reproduced
signal is stored in the frame memory.
25
19. A digital picture encoder comprising: input means, a first
adder, encoding means, decoding means, second adder, padder and frame
memory, wherein a picture having an arbitrary shape is fed into the input
means, the picture having an arbitrary shape and a predicted picture stored in

30 the frame memory are fed into the first adder, where a differential picture is
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20 padded i medi at ediyshed Had BeARGlaeed in the frame

Fig. 16 is a schemati cting a first no mnum
.decoder of the digi ti”lumm HMMLhe niggh exenpl a O\dl ments of* the
pr esent i nventi r corresponds to that in Fig. 13. The
operation of the decoder is basically the sane as that in Fig. 15.
Only the different point is 25 that a padder 330 is placed after the
mot i on conpesdwaded; theOdifferemtial picdtupads fed intd¢hprentioding eans. where the

(Exenpl ary EITbOdI ment 10) ig. 17 is hemati.c.di a
depi cting differeat Wém@ﬂlﬁééﬁ @mpﬁgﬁéadtﬂammms\w@ée@ P&@@é@é‘?tué'g tgr‘&'i‘%btaal
Fz)ll(:t ured npgeéeﬁgggﬁéf rEe@h&ld, eﬁ?eo%xrﬁ%%ss%fd 4ierential picture is fed into the

decoding means and restored to an expanded differential picture through a
5 predetermined method, the expanded differential picture is fed into the second
adder, where the predicted picture is added to produce a reproduced picture,
the reproduced picture is fed into the padder to pad an insignificant pixel value
contained in the reproduced picture through a predetermined method, and the
padded reproduced picture is stored in the frame memory.
10
20. A digital picture decoder comprising: input means, a data
analyzer, decoding means, adder, padder and frame memory, wherein a
compressed data is fed into the input means, the compressed data is analyzed
by the data analyzer to output a compressed differential signal, which is
15 restored to a expanded differential signal by said decoding means, the
expanded differential signal and a predicted signal stored in the frame memory
are added by the adder to produce a reproduced signal, at the same time, an
insignificant pixel value contained in the reproduced signal is padded by the
padder, and the padded reproduced signal is stored in the frame memory.
20
21. A digital picture decoder comprising: input means, a data
analyzer, decoding means, adder, predicted picture producer, first padder,
éeoond padder and frame memory, wherein a compressed data is fed into the
input means, the compressed data is analyzed by the data analyzer to output a
25 compressed differential signal, said compressed differential signal is restored to
a expanded differential signal by said decoding means, a predicted signal is
obtained from said frame memory by the predicted picture producer,
an insignificant pixel value contained in the predicted signal is padded through
a first method by the first padder to produce a padded predicted signal, the
30 expanded differential signal and the padded predicted signal are added by the
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present invention. The o erationl of the padder 330 is described Lyl nafter
using Fig. 11 as dhis een é} 17, a subject b m‘c\ﬁﬁk%\“\
.col l ected si gn “ﬂ S 943 gy col |l ect e(tj\j\‘m\m i sanpl es
944. A portion lique lines represeh&s significant

regions. A predicted block 941 5 is obtained through a notion

conpensation, and conprises collected significant sanpl es .and )
col | ect ed hddexts produce x zeprosuiced signal, at thesampe tiragoasinskpificant mixel

11, di cted bl ock 941 i dded d th h d 3Q6. |
o B e e RS e g L o A5 bERER e |
bl ock) 946 b dded; ' f : .

Ok 1 B ERNARE, ARSI ancbp ERGBAIELE SR Kt e S

regi on of o ohhe subj ect bl ock because of the |ess cal culation vol unes.
By referri Fgrflo the shape of the subject block 940, both the
signifigant and insignificant regions are determ ned (regi on 947 of
the bl ock 942), and then only the region 947 is padded by referring to
itself. 15 22y. Insdecoding ehdigatal cpigtuns: anmaeihiod: phyaddingia digitabn
of the padding nmet hod, enpl oyed in a digital picture encoder/decoder in
the tenth ®AINSE §PYRPIISING £ Pﬁeor%’( of the present invention. Assune that
no significant sanples, . st J R l.ecty hl. 4ng, and the
padder 308 shown in Fi 81.) l?guﬁéhggaeéﬁl&t%qgg&%r}l&g%g;sﬁs&gggﬂé that a bl ock
962 of Fig. 18 is the ﬁi}lﬁr‘%ﬂhcﬂg%gréﬁic% ReekH Ravingd seédiekobiect,
significant sanples exist in this bl ock, t%e bl ock cannot

10 (¢) padding the predicted picture through changing a scope to be

padded in an insignificant region of the predicted picture depending on the
object in the first picture.

.

~—

23. The method of padding a digital picture as defined in Claim 22,
15 wherein a scope to be padded of the insignificant region of the predicted picture
is formed by overlapping an insignificant region of the second picture and a

significant region of the first picture.

24. A digital picture decoder comprising: input means, a data

20 analyzer, decoding means, adder, predicted picture producer, padder and a
Me memory, wherein a compressed data is fed into the input means, the
compressed data is analyzed by the data analyzer to output a compressed
differential signal, which is restored to a expanded differential signal by said
decoding means, a predicted signal is obtained from said frame memory by the

25 predicted picture producer, an insignificant pixel value contained in the
ﬁredicted signal is padded through a predetermined method and a padded
predicted signal is produced by the padder, the expanded differential signal is
added to the padded predicted signal by the adder to produce and output a
reproduced signal, at the same time, the reproduced signal is stored in the

30 frame memory,
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be padded within the bloc ki Ng to itself. ~  In ord to
over cone the above-Pi Sq%/eﬂ( ol adj acent bl ock lmm“ &ﬁﬁ east
_one significant sarrpIA \H\‘E ﬂg subj ggt bl ock by c}\“wrm i t he
adj acent bl ock. - The M 15; however, reproduces 25 {he bl ock
962 in advance of the block 964, thus it is inpossible to pad the bl ock

by .referring to the block 964. Then, search the reproduced bl ocks 966, 965,
961 and 963 sequenti athereimsail padddr tektridtswhs@ipectortieapaddel gfifHd preticted
sanpl es, and ﬁad the bl ock by referring to the found bl ock,

In the caseignadtwithin prregion bavipgs rigmifieanipizel pbtheorarsadueedaianali on 30
does not have a significant sanple, a subject block is padded in the sane
22 manner, i.e., through referring to the reproduced bl ocks having a

significant 25. A digital picture decoder comprising: input means, a data
5 analyzer, decoding means, adder, predicted picture producer, padder and a
frame memory, wherein compressed data is fed into the input means, the
compressed data is analyzed by the data analyzer to output a compressed
differential signal, said compressed differential signal is restored to a expanded
differential signal by said decoding means, a predicted signal is obtained from
10 said frame memory by the predicted picture producer, an insignificant pixel
value contained in the predicted signal is padded through a predetermined
method and a padded predicted signal is produced by the padder, the expanded
differential signal is added to the padded predicted signal by the adder to
produce and output a reproduced signal, at the same time, the reproduced
'~ 15  signal is stored in the frame memory,

wherein when all the pixels contained in the predicted signal are
insignificant pixels, the insignificant pixels are padded with significant pixels

adjacent to the predicted signal through a predetermined method.

20 26. A digital picture decoder comprising: input means, a data
analyzer, decoding means, adder, padder and frame memory, wherein
compresé’ed data is fed into the input means, the compressed data is analyzed
by the data analyzer to output a compressed differential signal, said
compressed differential signal is restored to an expanded differential signal by

25 said decoding means, the expanded differential signal and a predicted signal
stored in the frame memory are added by the adder to produce a reproduced
signal, at the same time, an insignificant pixel value contained in the
reproduced signal is padded by the padder, and the padded reproduced signal is
stored in the frame memory,

30 wherein when all the pixels contained in the reproduced signal are
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"sarrpl e and being a%ggw{%@ﬁﬁ ! °ﬁ‘l‘9j ect block. A nethod of calculating a

paddi ng val ue can be nmet hod or a repeti g m hod.
.The above enbodi nent %mmg‘ e pichgre encodem“m\uﬁmum J‘ 5 the
present invention ca ode insignificant pixels, cli db nbt §nfluence a
picture quality, by making the pixels such values as increasing the coding
efficiency, whereby the coding efficiency is pronoted, thus the_ encoder and
decoder of indignificané pixélsy the tnsighificant pixels areipadded ovith signtficand pixsds
10 (Exenpl ary Enbodi nent 11) ) Fig. 19.js a fl chart depicting a
paddi ng rreﬂﬂl);&em to the ﬁcmr&]duﬁ?@tsegxéalmhmug}? Weﬁf?%?m]n@@ﬁﬁﬁa y enbodi nent
of the present invention. First, input a picture having an arbitrary
shape, second resolve the picture into regions adjacent wi th each

other, third, scan each rRYLSA ofpaAHME cﬁgital PlcRAR! 85AbRRsN S tHB stepPof:and

finally, process each region one by one according to the flow chart® shown
in sFig. 19. In th)srexpbddgnedigital aidtuse diuving €1 anbitharymhapel aftb and
follow the sanme order as the raster scanning. The scanned region can
be a triangheality of regiomsngl e or square. In this enbodiment, the picture is

resol ved i nto squares each of icr c«i sisting.of NX N %I es, where
N=8 or 16. The square®f PRORFSIDE \padplwrality of | FeEions LReReK O 3 REE-
On Step 12& ernrgd%%dg@et her a subject block is entirely outside an

et
etermi
(c) padding an insignificant region comprising of an insignificant
10 pixel and being adjacent to' a boundary region located at a boundary of the

shape with a padding value obtained through a predetermined method.

28. A method of padding a digital picture comprising the steps of:
(a) resolving a digital picture having an arbitrary shape into a
15 plurality of regions,
" (b) processing said plurality of regions according to a pre-
determined order,
(c) padding an insignificant region comprising of an insignificant
pixel and being adjacent to a boundary region located at a boundary of the
20 shape with a padding value obtained through a predetermined function using a
significant pixel of said boundary region.

29. A method of padding a digital picture comprising the steps of:
(a) resolving a digital picture having an arbitrary shape into a
25 plurality of regions,
(b) processing said plurality of regions according to a pre-
deter;nined order, |
(c) padding an insignificant pixel of a boundary region located at
a boundary of the shape with a first padding value obtained by a first function,

30 (d) padding an insignificant region comprising of an insignificant
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‘Obj ect (picture havi ﬂﬂ;séﬁbeﬁ{abbé&xakiacsmape) or not. Wen the subject bBlock
s

ot N e MR

not significant .
sanple value is 25 si or e shape signal df tthe*respective

picture is referred. Wen the shape signal is "0", the sanple value is
I nsignificant. Wen the shape signal is "1", the sanple value is

si gni fi canpixel and being adjuéent tohenid Hinueddarpiregion withoa senond pladding iadee t he
obj ect, advance to Step 14. Then determ ne whether previous bl ocks

adj acent t obtained firre @t sespnd funstiorsusing fbepadded nizekef %ﬂi@%@ ry 5pEY9B: |
where the previous block is the bl ock al ready

23 processed according to the scanning order. \Wen the adjacent

previ ous bl ocks 307" iRl et il of i filifl§ of digitAPpEéthre 98 ashitRa 1A cRiRAFH! NI

val ue is cal cul ated
5 28 or 29, wherein the insignificant region comprising of an insignificant pixel

and being adjacent to the boundary region in a horizontal direction is padded.

 81. The method of padding a digital picture as defined in Claim 27,
28 or 29, wherein the insignificant region comprising of an insignificant pixel

10 and being adjacent to the boundary region in a vertical direction is padded.

32. The method of padding a digital picture as defined in Claim 27,
28 or 29, wherein when a plurality of padding values are available, an average
thereof is used for padding.
15
- 33. Amethod of padding a digital picture comprising the steps of:

(a) resolving a digital picture having an arbitrary shape into a
plurality of regions,

(b) processing said plurality of regions according to a pre-

20 determined order,

(c) padding an insignificant region comprising of an insignjﬁcaint
pixel and being adjacent to a boundary region located at a boundary of the
shape with padding values obtained through a predetermined method,

wherein when a subject region is not an insignificant region and

25 a previous region adjacent to the subject region on the predetermined order is
an insignificant region, the previous region is padded with a padding value
obtained through a predetermined method, and

wherein when the subject region is an insignificant region and
the previous region adjacent to the subject region on the predetermined order is

30 not an insignificant region, the subject region is padded with a padding value
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‘according to a pr e tlil@ On Step 18, the sanple values of the

erm
previous bl ocks a ubj ect block is substituted wthTtThe
padding 5 value rSJl nﬂ | e valgyes are padded.
12, when the subje irely outside the ob um;‘n“ﬂ“ m“F
Step 20. Then determ ne whet her the previous bl ocks a

subj ect block is entirely outside the object or not. vmen he prevrous
bl ocks  obtairedrhirough iarmtedetermuingd methashj ect, a padding value is

cal cul ated according to 10 the predeterm ned rret hod on Step 22, and the
. sanpl e val ues of the subject bl ock are substituted with t he paddi ng

val ue on Step 24 so t

adj agent Erevr ous b? %c‘g %E’@dﬁgﬁgg%a&égayﬁfdﬁgcg@%e pr %g%g’é%eock
can be taken as not tQ Pidg & dighil $ictRirefhdviagohh @Gbitelry shaps! Rito2d.
Repeat this process u(n ?Sthe%’astg ocSpE isr processed (S%epls'yZSGagﬁd lg
28.) 5 1u§.gpi§3nmﬁgyo@;rbodr ment 12) Figs. 20 and 21 are
schemati c d| agram depi cting cal cul ati on net hods of paddi ng val ues.
Fig. 20 shows a case (h)rqumcasqmgsemd wlueaditys ofdregiens a@poad;_ug tor @ iRyEs

block in a horrzoé direction. In Fig. 20(A), a block 132 is a present
bl ock and deterwired orders g previ ous bl ock. Each lattice represents a sanpl e

(pixel) of the picturgy ASSHIE, L BalioRiRl0krobath bomBMsiAE LY aflirdigsRant

obj ect,

pixel and being adjacent to a boundary region located at a boundary of the
10 shape with padding values obtained through a predetermined method,
wherein when a subject region is not an insignificant region and a
previous region adjacent to the subject region on the predetermined order is an
insignificant region, the previous region is padded with a padding value
_obtained by a predetermined function using a significant pixel of the subject
16  region, and
wherein when the subject region is an insignificant region and the
previous region adjacent to the subject region on the predetermined order is not
an insignificant region, the subject region is padded with a padding value

obtained by a predetermined function using a significant pixel of the previous

20 region.
35. A method of padding a digital picture comprising the steps of:
(a) resolving a digital picture having an arbitrary shape into a
plurality of regions,
25 () processing said plurality of regions according to a pre-

determined order,

(© paddmg an insignificant region compnsmg of an insignificant
pixel and being adjacent to a boundary region located at a boundary of the
shape with a padding value obtained through a predetermined method,

30 wherein when a subject region is not an insignificant region, an
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“"and take an aver agisghe cedf sjgnificant sanples, 134136, 138,
140, 142 and 1 l u Itute the average val ue r
~(lattice) in the 25 ck for gmdding. In Fi q\ m;‘@f%\lmﬁ
sample (lattice) of the previ ous bl ock 146, whichli ir ey ®utsi de
t he object, by repeating val ues of significant sanples 150, 152, 154,
156 of the present block 148. In other words, each lattice on the
fi lr3 st, sedasignificant! pimel foontaimed messaid subjest exegiors i5| sukstigged with sa
substituted with the values of sanples 150, 152, 154, and 156..1n Fig.
20(0), 3ob1|)adrbngr‘@4@ﬁ obtained byoe Brst Smatios ;angtn'k%@ RIS¥IQHS regionAdathnt
previ ous ock 158 is . . . e e . . 4
not outsid® @%S@HF%‘EF:%‘?’H opythe pradetermined opder ds an n%s%%mgrcggie; rll‘?gqunbgﬁe 160
is pa [ | i dGRE Watad &86n and
168 of thelgge’%@%#e%egﬁ%_ c?}cé? ifg%l.gpa%(ﬁﬁgﬁ Ffoggﬁ%aﬁp%gst% goxtlﬁg’ugasgn
where tshe pEiRpeNkighlifeknt pixalibpeienpréotdeegion, and

wherein when the subject region is an insignificant region, the

previous region adjacent to the subject region on the predetermined order, the
subject region is padded with an padding value obtained from a second function

using the pixel of the previous region.

10
36. The method of padding a digital picture as defined in Clain; 33,
34 or 35, wherein the insignificant region comprising of an insignificant pixel
and being adjacent to the boundary region in a horizontal direction is padded.
15 87. The method of padding a digital picture as defined in Claim 33,

34 or 35, wherein the insignificant region comprising of an insignificant pixel

and being adjacent to the boundary region in a vertical direction is padded.

38. The method of padding a digital picture as defined in Claim 33,
20 34 or 35, wherein when a plurality of padding values are available, an average

thereof is used for padding.

39. A digital picture decoder coniprising: input means, a first

adder, encoding means, decoding means, a second adder, padder and a frame

25 memory, wherein a digital picture having an arbitrary shape is fed into the
input means, said digital picture is resolved into a plurality of regions adjacent

with each other, the plurality of regions are processed as subject regions
according to a predetermined order, said subject regions and a predicted region
stored in the frame memory are fed into the- first adder, where a differential

80 region is produced, the differential region is fed into the encoding means, the
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"5 previous block H?.ha vertlcal direction. In Fig. 21(A) ,-aDl ock 1'?'2_”_]—;

t he present bIo c&d/0 i s the previous bl oc
Lepresents a sanple t he pigcture. Assuma
entirely outside the nd take an average o ves "of

significant sanples 174, 176 178 180, 182 and 184 mhlch are
contained in the present block 172, then substitute the 10 average val ue
for each sajiffieeerftial tagien is nomlpeeeaed\mbaua twmpressdd differepsiad iragion through

Fig. 21(B), pad_each sanple (lattice) of the i ous_bl ock 186, which_is
entirely ol gredetermisg e@@th%; ha, campRgSseal 5@&@ tigl FieRIq%: anted Amgp e

Chi td and 19RsPAfRE means Jprtafort ibeRtatyp ko praiec setrShubl SrebhbwoR i
;Pgs\eﬁlt ugls Cﬁ{ed%g%gﬁﬁl%d]ﬂ@thﬁ thjegé&pg}l%%ﬁe&?&é@ﬁ%}, i‘églgh Ys f %ﬁﬁ@o thd'8econd

entire out si and € previous

bl ock 138 isddeil whérsisded bb@dﬁm&:ﬁégm Rs hHHded mspmdaaﬁﬂg a reprb@tdddceegibn} he
present block 198 is padded by repeating values of significant sanpl es

1100, 1102,thkl @dprotiiesd ofegidme mrﬁ'dl inte thegadied. toTped anbmgignificant pixel

detallsablock of 4 X 4 for g the long story short, byt t
descri pt i orcongainaghindh aplfﬂnrega%faeepecqbrevg & INegteripe r%?&“?‘it%‘@‘era.)

(Exenpl ary E n_Fk 3 is added to the

flow chart g‘ﬂ‘g‘%ﬁi fﬁf?rﬁflﬁc‘ldiﬁeglf’ﬂ I%tsﬁoe?dmth%\l%%? é&ﬁﬂ’ a present block is

not entirely outside agheRiaGaid Pa8déremdloys the method of padding as defined in
10 Claim 27, 28, 29, 38, 34, or 35.

40. A digital picture decoder comprising: input means, a data
analyzer, decoding means, adder, padder and frame memory, wherein
compressed data is fed into the input means, the compressed data is analyzed

15 by the data analyzer to output a compressed differential signal, said
compressed differential signal is restored to a expanded differential signal by
said decoding means, the expanded differential signal and a predicted signal
stored in the frame membry are added by the adder for producing a reproduced
signal, at the same time, an insignificant pixel value included in the reproduced

20 signal is padded by the padder, and the padded reproduced signal is stored in
the frame memory,

wherein said padder employs the method of padding as defined in
Claim 27, 28, 29, 33, 34 or 85.

25 41. A digital picture decoder comprising: input means, a first
adder, encoding means, decoding means, a second adder and a frame memory,
wherein a digital picture having an arbitrary shape is fed into the input means,
said digital picture is resolved into a plurality of regions adjacent with each
other, the plurality of regions are processed as subject regions according to a

30 predetermined order, said subject regions and a predicted region stored in the
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25 contained in t &{Beb;lmm e@dnd outside the object-+is- padded through

Step 13 and t he esent bl ock 132 of Fig. “g
exanpl e of a bl ock ngn“\ regi ongyout si de the

136, 138, 140 142 an are significant and wthi abj dct The
ot her sanples (the lattices not pai nted) are insigni ficant and outside
the object. 30 - A nmet hod of paddi ng these insignificant sanples is
to substi tufmmqnememory are fed into tge first adder, where a differential pegion is

average of sigpificant | es. therefor. In i s enhodi nent

134, | Be5geds e ﬁ%@aﬂa&rw&w fich oo o B4 Asi ta cafpreriial

vertical directjon n p e r

avai | abl e, &tF8Ve rlgg OIPRE%S%S 2 ?\ﬁﬁigeés\@@ %g%rgﬂnx%ﬁ'eéoﬁ ﬁ&rﬁ‘éﬁ%u r?g

of the pres gédé%hﬂi!fné@ rlﬁblﬂﬂ)dStﬁﬂ) %gmp%ésecﬁ &1&6&?@5’! ‘f’r‘égﬂfn tlQeféH 8868 the

bl ock are s tituted with a uni que val ue, therefore, e previous

bl ock cam bdepslifgdneansSterestfretherepft am@xphadudldiﬂ‘smimal reglon through a
predetermined method, the expanded differential region is fed into the second
adder, where said predicted region is added for producing a reproduced region,
said frame memory is initialized by a predetermined initializing value, and the
reproduced region is stored in the initialized frame memory through

10 overwriting.

42. The digital picture encoder as defined in Claim 41, whgrein
the predetermined initializing value is an average of significant pixels of a
previous picture on an encoding order.
15
43. A digital picture decoder comprising: input means, a data
analyzer, decoding means, adder, and frame memory, wherein a compressed
data is fed into the input means, the compressed data is analyzed by the data
analyzer to output a compressed differential signal, said compressed
20 differential signal is restored to an expanded differential signal by said
decoding means, the expanded differential signal and a predicted signal stozjed
in the frame memory are added by the adder for producing a reproduced signal,
at the same time, said frame memory is initialized by a predetermined
initializing value, the reproduced region is stored in the initialized frame

25 memory through overwriting.

44. The digital picture decoder as defined in Claim 43, wherein
the predetermined initializing value is an average of significant pixels of a

previous picture on a decoding order.
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significant sanples of the present block existing at the boundary between

t he present and previous bl ocks, as shown in Fig. 20(B) or Fig. 21(B).
An aver age of the significant sanples can be used instead of repeating
‘the sanple values. 10 (Exenpl ary Enmgdi ment 14) Fig. 23 is
a flow chart depicting tHe processes where the previous bl ock adj acent

to-the present block in horizontal direction is utilized on Step 15, 19
and 21 shown in Fig. 22. Fig. 24 shows a picture 108 which is an exanple 15
padded t hr&bsgfrache process shown in Fig. 23. A star shape 110 is a

si gni ficant object, and the other..part copsists of insignificang .
sanpl es. The pi Tbﬁré“e%%tilgven 10D, Bg%‘fl\‘}lgﬁ g rfPS&E)‘?%LQ?SSLlRIﬁ?W%KI%IaO%g“aI
havi ng t he_. _ r j ed 8 t or
Step 34 SRR WEH H'ghofter BE1aY 6% and lesd tlulaHRACSLTH MiRng G 11
i s describgd,By1is&f &y bl pietie RBfng2h gx?e%taﬂi?bt?dh, Fhastesulfie ik Pddukide 4 S
di scussed.gs?ﬁge t he prgsent bl ockglll IS not entirely outside the
obj ect 5on fitedictién sigwealpwitiesmdll erkorss Bk pateséntoimyention abiceprdGideOnan
Step 15, the previous block adjacent to the present bl ock is_not .
entirely orppawssussingthe samemmethedyadeiheymoze spseiligcapout the method, iea |

the block 1114.is di d.;. §. -t.h t..bl . 1114 | 5) tirel
out i de- t R aReturB AR SHeldhinE biceiFa RERResidh Bdishtiy A oBjhes ¥ hldhte
but i do. 1 g FeboRAaEd b Rrhlley BEotohs Ao Gnify S APh RLBE axfbhCERLhe

thereto onindi@Fifiddnt sample value of a region containing the boundary of the object
10 shape is supplemented (padded) by the values obtained from transforming of
the significant pixels near to the insignificant pixels.

laced

il
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Finally, the block 1116 is discussed. Since the present block 1116 is
entirely outside the object on Step 12, the process is advanced to Step 21,
where 30 the previous block 1115 is not entirely outside the object, thus

the present bl ock 26

1116 is padded by referring thereto on Step 24. When t he bl ock
1117 is processed, the present bl ock 1é7é%%%not entirely out si de the
object on Step 12, thus the bl ock is padd n Step 13. On Step 15,

the previous block 116 adjacent to in horizontal direction is entirely
outsidefﬁhqbq; Ebj ct, the previous block is padded on Step 19. In other
the bl oc

wor ds, 1116 I s padded twi ce. Wien a plurality of padding
val ues are avail abl e, an average of these val ues are taken, or one of
t hese val ues can be sel ected for padding. The picture 108 is thus
added t hrough expandi ng thereof in the horizontal di rection.
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10 When the horizontal direction is changed to vertical direction
in the processes on Steps 15, 19 and 21, a picture undergone the
paddi ng through vertical expansion as shown in Fig. 25 is obtained.
When bot h bl ocks adj acent to in horizontal and vertical directions are
processed in conbination, a picture whi ch i s padded through extension
i n both horizontal and verti cal directbqgs a§%15 shown in Fig. 26 can be
obtained. In this case, when a sanple &s pah d twce or nore, an
average of all the padding values or a part of them are taken. When a
pluralit ddigg candi dates are avail able, the nearest candidate in

t he process” ofder n be used. A picture encoder and decoder

whi ch enpl oy the paddi ng nethod 20 according to the present invention is
descri bed hereinafter. (Exenpl ary Enbodi ment 15) Fig. 27
depicts a digital picture encoder used in the 15[ err] exenplary

enbodinent. Figt 27 lists the foll owi®y el enentst~input terninal 201, fiz‘gst

25 adder 202, rens der'%p:, dscrete Tosine tran r |( ) 204, }—"n
guanti zer 205, W0 OUt put felni nhl 206, decodem™20 v& equa‘ht Zerlwg
208, inverseX 9, seg¢ond| akider 210, vﬁi&j ng’l engodef__(\C)
211, padder @12, flramg © "‘m;rr}r*r‘?r;l& mot i on i matr] P14 \nfl iof i oD
conpensat or 2163 N0 eralt\i on of theQNir~QfTall \\Q: entoder™
conpri sing the:gaﬁdve—-/ﬂ \\\*\\—\\-O q_lﬂ N -._—‘\_,g
34 R Ty Ny o
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30 elements is described hereinafter. First, input a picture having an
arbitrary 27 shape
into the input termnal 201, then resolve the picture into a plurality of
r'egions adjacent with each other. In this enbodinent, the block is resolved

I n to 8 X 8 blocks or 16 X 16 bl ocks; however, the bl ocks can be
resolved into arbitrary shapes. 5 Fig. 24 should be referred.
| nput a subj ect bl ock of padding intodwé 33 notion estimator 214 via a
line 225. At the sanme tine, input a previously reproduced picture
(calledf_‘rq;a nce/Ppicture”) stored in the frane nenory 213 into the
motion ésti of . [err] 10
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Send this notion vector to the notion conpensator 215, where a
predi cted block is produced fromthe reference picture. Send this notion
vector also to the VLC 211 via a line 228, where the vector is converted
into a 15 variable length code. Then, send the subject block and predicted
bl ock to the first adder 202, where a differential block is produced
by using the difference t her ebet we z' dgﬁée conpress the differentia
bl ock in the encoder 203. In this 4nb nt, the differential block
is'conpressed in the DCT 204 and the quantlzer 205. 20 On the
ot her gﬂ & qag conpressed data to the decoder 207 and expand it.
In this enbddi nversely quantize the conpressed data in the
i nverse quantizer 208 and then expand thereof into the data in spati al
domai n in the IDCT 209. Add the predlcted bl ock sent via a line 227 to
t he expanded differential block topHre I eproduced bl ock. Then,
i nput the reproduced 25 block to the paged 2.2 wher e insignificant
sanpl es of the reproduced .bl ock arng tfed for paddi ng through
t he paddi ng nmet hod described in the 11] 5\\\ enpl ary enbodi nent .
Then, store the padded reproduced bl ockH frame nenory 213. Refer
to the shape signal already encgﬁgd or e H when a sanpl e val ue
shoul d be indicated as significadnt or ifn et (this is 30 not
described in the draw ngs thougHCQ.\\_\ \\
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28 The padded picture to be stored in the frame nmenory 213 is,

e.g., shown in Fig. 24, 25 or 26. Send the padded picture via a line
224 to the notion estimator 214 and the notion conpensator 215. In
this enbodi ment, an active area of the notion estimtor and notion

conpensator is limted within the 5 padded region (the painted regions in
Fig.- 24, 25 and 26), in other words, ggggles out si des the padded
region are not accessed. Fié5fé picts the picture encoder

having a recorder 229 coupled to the pi cture encoder shown in Fig. 27.
The datﬁdquye ed a variable I ength code by the VLC 211 is stored
into a ne red m (tape or disc) or an optical 10 disc via the

recor der 229 As such, the r L q 3 t to the object
boundary is padded, whereby
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t-he active area of the notion estimation and noti on conpensati on can be

enl arged. Thus, the predicted block with | ess remaining difference can be
obtained for the picture having a great notion. Further, the paddi ng nethod
15 according to the present invention can suppress the delay tine and

cal cul ati on vol unmes. The discrete cosine transformis
enployed in this enbodi nent; however, tgg shape adaptive discrete
cosine transform subband, or wavel et Bar 3 produce the sane
effect. 20 (Exenpl ary Enbodi ment 16) Fig. 29 depicts a

di gi tal |ﬁ§u$F e der used in the 16[err] exenplary enbodi nent. Fig.
29 listd tHe Poll o ng el enents: input terminal 301, data anal yzer
302, decoder 303, inverse quantizer 304, IDCT (inverse discrete cosine 25
transforner) 305, adder 306, output term nal 307, padder 308, frane nenory

309 and padder 310. An operation of the digital picture decoder
conprising the above el enments is described hereinafter. First, input a
conpressed data to the input term nal 301, then analyze the data in

the data anal yzer 302. Qutput the data 30 of the conpressed differenti al
bl ock to the decoder 303 via a |ine 312. Next,
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.29 out put a notion vector to the notion conpensator 310 via a line

318. In the decoder 303, expand the conpressed renaini ng bl ock and
restore it to a expanded differential block. In this enbodinent, the
-conpressed differenti al bl ock undergoes the inverse quantizer 304 and
| DCT 305 to be transformed 5 froma signal in frequency doman into a
signal in a spatial domain. Then 5@Bué he notion vector to the notion
conpensator 310 via a line 318. | ¥ t he notion conpensator 310,
produce an address based on the notion vector in order to access the
frame r¥ g?%, d al so produce a predicted bl ock using a picture
stored i*n t'he= rane nenory 309. Then, input the 10 produced predicted

bl ock and the expanded dig¢gferenti . r 306 to produce
a reproduced bl ock. Qutput_the r | eck to the out put term na
307, and at the sane tinme_ i ‘the padder 308. Finally,

pad the reproduced block‘g%rough g nethod detailed in the 11lf[err]
exenpl ary enbodi nent, and store t hfock.infhe frane nmenory 309.
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15 (Exenpl ary Enbodi nent 17) Fig. 30 depicts a digita

pi cture encoder used in the 17[err] exenplary enbodi nent. The basic
structure is the same as shown in Fig. 27. An initializer 230 is used
i'nst ead of the padder 212. Before a picture is stored in 20 the frane
menory 213, the frame nenory 213 picture is initialized with a
predeterm ned initialization val ue by Ehg,%p&iializer 230. The reproduced
bl ock tapped off fromthe second padde 1 stored in the frame nmenory

213. The initialization value can be a fixed value, or an average
val ue ofF’sipn? Lca@ sanpl es of reproduced picture in the past. 25
Fig. 31 depicls the picture encoder having the recorder 229 coupled to the
pi cture encoder shown in Fig. 30. The data converted to a variable length
code by the VLC 211 is stored into a magneti c nmedi um (tape or disc) or
an opti cal disc via the record® 229¢ 30 (Exenplary Enbodinent 18)
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30

18[err] exenplary

in Fig. 29, and
308. Before a picture is stored
menory is initialized with a predetermned 5
i nitializer 320. The reproduced bl ock

stored in_ the frane_nmenory 309. The inéf(pgfggtlon val

t hat

fixed v
picture 1

I nvention prOV|des a sinpl
regi on undergone a nDtlon
are padded, wherelSy

a subj ect

delay tinme 15

Furt her,

Fig. 32 depicts a digital picture decoder used in the
enbodi nent. It has basically the sane structure as
enploys an initializer 320 instead of the padder
in a frame nenory 309, the frame
initialization value by the
froma padder 306 is
ue can be a
erage val ue of significant sanples of reproduced
10 | ndustgpal Applicability The present
addl g net hod, through which a smal
npe ion or a small reproduced region
| cul & |on'ﬂ& unes can be substantially reduced. Since
regi on @\ padd a closed small region, it takes a shorter

g an Qv
n the past.

t han wh g is perforned across the entire picture.
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boundary region but also a region adjacent thereto, which conprises

I nsignificant sanples only is padded, and a notion is estimted as well as
notion is conpensated using the padded regions, whereby a predicted signal
With less difference can be obtai ned. These factors contribute to the

hi gher 20 efficiency of encodi ng/decoding a picture having an arbitrary

shape. ?%Q Scope of the C ains
1. A method_ of padding a digital pictdr {oapa sing the steps of:
(a) ianFipgg.pi c} signal having a significant signal which gives one
of an indication that a pix is @gnificant and insignificant,
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"¢b) resolving the picture into a plurality of regions adjacent with each

ot her, (c) padding an insignificant pixel value adjacent to a
significant pixel in a region including a boundary of an object shape with
‘d significant pixel value near to insignificant pixels values, said
significant pixel value undergone a functional transformation. 2.
The- met hod of padding a digital pictur fs ined in aim1, wherein an
insignificant region adjacent to the rég 66 | uding a boundary of the

obj ect shape, said insignificant region conprising of an insignificant

pi xel v e g; dge mnth a significant pixel value in the region

i ncl udi ng sai d boundary of the object shape, said significant pixel value
undergone the functional transformation. 3. A picture encoder
conpri si ng: (a) predigted picture production neans for receiving a
picture signal as an input signal including a significant signal which
identifies a pixel value of pi xel as one of a significant pixel and an
insignificant pixel, and prottci n@ a predicted picture asgnal correspondi ng

to said r_\\
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i nput signal using a picture signal already decoded, (b) pixel value
production neans for padding the insignificant pixel in said picture signal
fed as the input signal with a pixel value produced froma significant

" pi xel value near the insignificant pixel by using a predeternined function,
and outputting the padded pixel, (c) deduction neans for deducting

an -output of said predicted picture pr gp%%g? means from an out put of said

pi xel val ue_ productiofn neans,

for encoﬁ nb &, out1p of said ggduction neans,
for decoding an output of I d &Bcodlng

(d) encodi ng nmeans
(e) decodi ng nmeans
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. [reans, (f) adding nmeans for adding an output of said decodi ng neans

to the output of said predicted picture production neans, (9)
menory neans for storing tenporarily an output of said adding neans for
-being used in said predicted picture production neans, wherein said
pi cture encoder taps off the output of said encodi ng neans. 4. A
pi cture encoder conpri sing: (a) predicted picture production nmeans
for receiving a picture signal as an1|ﬁgu(53ﬁbnal i ncluding a significant

signaIJﬂhi h denthgfs a pi xel value of each pixel as one of a significant
pi xel d r15| cant pi x% and producing a predicted picture signal
a

corresponding to sald i NRUK_Si | using a picture signal already decoded,
(b) pixel value¥productio for padding the insignificant pixel in
said picture sigma 5 the@\hput signal with a pixel value produced
froma significgqt 4ye nearst he insignificant pixel by using a

pr edet er m ned functio-j ] utt g t op padded pi xel, (c)
deducti on neang i sald predCBted pi cture
production nea of S‘\ val ue pwoducti on
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means, (d) encoding nmeans for encodi ng an output of said deduction

nmeans, (e) decoding neans for decodi ng an out put of said encoding
means, (f) adding neans for addi ng an output of said decoding neans
td the output of said predicted picture production neans, (9)

menory neans for storing tenporarily an output of said adding neans for
being used in said predicted picture producti on neans,

33 wher ei n said picture encoder] 4gs3@f the output of said encoding
means and the pixel value production neans pads an insignificant region
conprisiFg ffgiq infigrificant sanpl e val ue, said region adjacent to a
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boundary of a shape of an object. 5. A digital picture decoder
conpri si ng: (a) decodi ng neans for decodi ng an input signal,
(b) predicted picture production nmeans producing a predicted picture signal
corresponding to said input signal using a picture signal already decoded,
(c) pixel value production neans for producing a pixel value froma
significant pixel value of said predicted picture signal by using a
predet erm ned function, padding an ins if 3ant pi xel val ue of said
predi cted picture signal with said pixel value and outputting the padded
pi xel , 3 Egd) ding neans for adding an output of said decodi ng nmeans
to the o tth f®* sat d“-pi xel val ue production neans, (e) nenory neans
for storing tenmporarily an output of said adding nmeans for being used in
said predicted picture production neans, wherein said picture
decoder taps off the output Bf said adding neans. 6. The digita
pi cture decoder as defined iGJngérIS, wherein the pixel value production
gi

means pads an insignificant co i sing
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of an insignificant sanple value, said region adjacent to a boundary of a

shape of an object. : 7. A nethod of picture padding conprising a
first padding process and a second paddi ng process, wherein the first
paddi ng process conprises the steps of: (a) scanning a pixel of a
picture having an arbitrary shape conprising significant and insignificant
pi xel s along a first direction, (b%3in the first direction,
producing a first padded picture by 16/ 3

34 paddi ng an insignificant pixel value with a significant pixel value
selectedFrhipqgh.a ergeternined met hod, and

8 @
o
o @
L )
— 8 o)
< O
< | /3
>
%_:-‘o:
n <
— &
0\l s
8)]
o @
— o~
{s ™ oo\ x —
o ™ . — 9
) - =<
%3]
D— 8 FHEZ
™ <t <C CJEE '
@\ ™ 5
wn ') ALJ
o — piy
-00\\ 8 )
— 48]
< i—/"—;;
8\\ Q
fo—
N ©
" @ —
=1 @ @ \
<N
N
™ \l 5%
<C
™ &



t he second paddi ng process conprises the steps of: (c) scanning
each sanple of said first padded picture conprising the significant pixe
and the insignificant pixels along a second direction, (d) in the
'second direction, padding the insignificant pixel with the significant

pi xel val ues sel ected through the predeterm ned nmethod or the pixel value
padded in the first paddi ng process. 8. A nethod of picture
paddi ng conprising a first padding prdkgéé’é§ﬁ5 a second paddi ng process,

wherein the first padding process conprises the steps of: (a)
scannin%ﬁaiﬂg?L oq icture having an arbitrary shape conpri sing
significant” and insighificant pixels along a first direction, (b)

inthe first direction, producing the first padded picture by paddi ng an
insignificant pixel value with a significant pixel value nearest to the

i nsignificant pixel, and t he second paddi ng process conprises the
steps of: (c) scanning each sanple of said first padded picture
conprising the significant pixel and the insignificant pix&N al ong a second
direction, (d) in the second direction, padding tIRFinsignificant

pi xel with the significant pixel values nearest to the insi@hificant pixels
or the pixel
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(b) inthe first direction, producing a first padded picture by paddi ng an
I nsignificant pixel value with a significant pixel value selected through a
pr edet er mi ned net hod, t he second paddi ng process conprises the
st'eps of: (c) scanning each sanple of said first padded picture
conprising the significant pixel and the insignificant pixel along a second
di rection, (d) in the second direction, padding the insignificant
pi xel value of said first padded pict dr8 vl h 3 he si gni ficant pixel value
sel ected through the predeterm ned nmethod or with the pixel value padded in
t he firsg:pigﬁgng pqo€l®ss, and produci ng a second padded picture,

p

the thir nY protess conprises the steps of: (e) scanning the
pi xel of said picture having an arbitrary shape conprising significant and
insignificant pixels along a third direction, (f) inthe third

direction, producing a third padded picture by padding an insignificant

pi xel value with a significant pixel value selected through said

pr edet er mi ned net hod, and the fourth paddi ng process conprises the
steps of: (9) scanning1e€§h sanple of said third padded picture
along a fourth direction, (h) in the fourth direction, padding an
i nsignificant pixel value witha”a significant pixel value sel ected through
t he predeterm ned

12 =~
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Is the present
block entirely outside
the object?

The adjacent YES
previous block is entirely
An adjacent outside the
previous block is entirely object
outside the 22
object
16 YES Calculate and obtain
— a padding value
24
- Calculate and obtain
a padding value -
. ‘ Pad pixels of
1 Eé‘\\ l the present block
o3
Pad pixels of the
adiacent previous block > 26
The last block NDi

28 YES
End



-0Fr the pixel value padded in the third paddi ng process, and producing a
fourth padded picture, and (i) taking an average of said second
padded picture and said fourth padded picture. 11. A method of

pt cture padding conprising a first, second and third paddi ng processes,
wherein the first padding process conprises the steps of: (a) scanning a

pi xel of a picture having an arbitrary iﬂsp gfnprising significant and
i nsignificant pixels along a first di re 'o% (b) inthe first
direction, producing a first padded picture by padding an insignificant
pi xel vaFneiwigh. a 2 @i ficant pixel value selected
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t hrough a predeterm ned net hod, t he second paddi ng process

conpri ses the steps of: (c) scanning each sanple of said first
padded picture along a second direction, : (d) in the second
di'rection, padding an insignificant pixel value with a significant pixel
val ue, and produci ng a second padded picture, (e) taking an
average of said first and second padd%f R%ﬁégges, and producing a third
padded picture, wherein when both the ﬂr t d second padded pictures have
one of a significant pixel value and a padded pi xel value, an average of

t hese vaIFe?" ig ys«;gf‘gr paddi ng the third padded picture, and when one of
the first and Teco padded picture has a significant pixel value, the
significant pixel value iscasgg f¥r p&dding the third padded picture, and
when both the first and seéﬂn paddedpi ctures have no significant pixel
val ue, a pixel value of the-third—padded gicture is used for padding an

I nsignificant pixel value, gandythe thiyd pgaddi ng process conprises the
steps of: . () taklig dﬁ axer al uef of_gne sjgni1]i cant pi xels
around the insignificanty pi xpl s,\Nan g) paddi pg the insignificant
pi xel s with said aver agg—wal :
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12. A nethod of picture padding conprising the steps of: (a)
resolving a picture having an arbitrary shape conprising N (N=1, 2, 3, 4
....) pieces of aggregates having discrete significant pixels into N pieces
of regions surrounding said N pieces of aggregates, and (b)
paddi ng an insignificant pixel value with a padding val ue produced through
a predeterm ned nethod using said significant pixel surrounded.

13. A nmethod of picture padding conprigidig” the3st eps of : (a)
inputting a picture signal having a significant signal which gives one of
an indic iin ghat 202'er I's significant and insignificant, (b)
resolvingra pi<tur the picture signal into a plurality of
10
Start
12 -

{s the present YES
block entirely outside

the object?

The adjacent
previous block is entirely
outside the
object

Pad the region of
the present block
outside the object

Calculate and obtain
a padding value

An adjacent
previous block is entirely

outside the ]
_object -
thPad plxe{sb?f )
16 YES e present bloc
\ e
Calculate and obtain > 26

a padding value

1

Pad pixels of the
adjacent previous block

/m




37 regions, said picture having an arbitrary shape (c) producing a
paddi ng val ue through a predeterm ned nethod using a significant pixel in a
subj ect region which includes at |east one insignificant pixel, (d)
-paddi ng the insignificant pixel of said subject region with said padding
val ue. 14. A method of picture padding conprising the steps of:
(a)-inputting a picture signal having a significant signal which gives one
of an indication that a pixel is sigP 8 «a@ 3and insignificant, (b)
resolving a picture of the picture signal into a plurality of regions, said
pi ctureﬁhali g an Zr pytrary shape (c) padding a subject region

whi ch ihcl &de® ;o &i §i ficant pixel with a predeterm ned paddi ng val ue.

15. A digital picture encoder conprising: input nmeans, first padder,

predi cted picture producer, second padder, first adder, encoding

10
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a padding value
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.neans, decodi ng neans, second adder and frame nenory, wherein a picture
having an arbitrary shape is fed into said input neans, an insignificant
pi xel contained in said picture having an arbitrary shape is padded by the
first padder with a padding val ue determ ned through a first nethod, a
padded input picture is produced, a predicted picture is produced using
said frame menmory by said predicted p oducer, insignificant pixels
of said predicted picture ts padded bﬁﬁ#ﬁégggéond padder with a paddi ng
val ue produced through a second nethod to produce a padded predicted
plctureJ:th grddaﬁg ture and the padded predicted picture are fed into
the fir d re"a differential picture is produced, the differential
picture is fed into said encod1nP£qg?ns to be conpressed |nﬁg g éhnpressed
differential picture through a'p erm ned nethofl,] |h4 co s
differential picture is fed into {he decodi ng neans, swhere t e conpressed
differenti al p‘c[qrg)ls rep g expRraedy ot rentld( pICtUI’e whi ch
a 0

is fed into s ﬁa\adjer
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38 where said padded predicted picture is added to the expanded
differential picture to produce a reproduced region, and the reproduced
region is stored in the frame nmenory. 16. A digital picture encoder
conprising: input means, a first padder, predicted picture producer, second
padder, first adder, encodi ng neans, decodi ng nmeans, second adder, and a
frame nmenory, wherein a picture havinggﬁggggghirary shape is fed into said
i nput means, a predicted picture is pr e ing said frame nmenory by
said predicted picture producer, an insignificant pixel contained in said
predi ct echi’gt e ig;@jded by the first padder with a paddi ng val ue
obt ai ned *t hr uSL'a edet erm ned net hod, a padded predicted picture is
produced, an insignificant pixel of said picture having an arbitrary shape
i s padded by the second padder with a paddi ng val ue obtained through the
predeterm ned nethod to produce a padded input picture, the padded picture
and the padded predicted picture are fed into the first




adder, where a differential picture is produced, the differential picture
Is fed into said encoding neans to be conpressed into a conpressed
differential picture through a predeterm ned nethod, the conpressed
differential picture is fed into the decodi ng neans, where the conpressed
differential picture is restored to an expanded differential picture, which
Is fed into said second adder, where said padded predicted picture is added
to the expanded differential picture EbEbr%&bé% a reproduced region, and
the reproduced region is stored in the frame nenory. 17. A digital
pictureJnegfdgf coEﬁﬂZSing: | nput means, a data anal yzer, decodi ng neans,
adder, predtcteld pfetlre producer, padder and a frame nmenory, wherein a
conpressed data is fed into the input neans, the conpressed data is

anal yzed by the data anal yzer Egboutput a conpressed differential signal,

sai d conpressed differen al is restored to a expanded differenti al
si gnal by said decodi ng predicted signal is obtained fromsaid

frame nenory by'rhe\szedi ted O\
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-39 pi cture producer, an insignificant pixel value contained in the

predi cted signal is padded through a predeterm ned nethod and a padded
predi cted signal is produced by the padder, the expanded differenti al
'signal is added to the padded predicted signal by the adder to produce and
out put an reproduced signal, at the sane tine, and the reproduced signal is
stored in the frane nenory. 1§W7A digital picture encoder
conprising: input means, a first addeg, cahahg nmeans, decodi ng neans,
second adder, padder and frame nenory, wherein a picture having an
arbitrar gpa isé?e&%into t he i nput neans, the picture having an
athw%uﬁFs agg‘an a~predicted picture stored in the frame nenory are fed
into the first adder, where a differential picture is produced, the
differential picture is fed into the encodi ng neans, where the differenti al

picture is conpressed tp qlponpressed differential picture through a
predeterm ned net hod, the
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cenpressed differential picture is fed into the decodi ng neans and restored
to an expanded differential picture through a predeterm ned nethod, the
expanded differential picture is fed into the second adder, where the
predicted picture is added to produce a reproduced picture, the reproduced
picture is fed into the padder to pad an insignificant pixel using a
significant value contained in the re u icture, and the padded
reproduced picture is stored in the fﬁé&g/%gggfy. 19. A digital
pi cture decoder conprising: input neans, a data anal yzer, decodi ng neans,
adder, pEdir qnd 1?2& menory, wherein a conpressed data is fed into the
i nput neéns; the’ c ssed data is analyzed by the data anal yzer to out put
a conpressed differential signal, which is restored to a expanded
differential signal by said decoding neans, the expanded differential
signal and a predicted sign stored in the frame nmenory are added by the
adder to produce a reproduc §hg%?l, ﬁg the sane tine, an insignificant

d

pi xel val ue i.s padded by the‘pa ustyig a significant yalue contained in
t he reproduced signal, and w
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-40 t he padded reproduced signal is stored in the frame nenory.

20. A digital picture decoder conprising: input nmeans, a data anal yzer,
decodi ng neans, adder, predicted picture producer, first padder, second
‘padder and frame nenory, wherein a conpressed data is fed into the input
means, the conpressed data is analyzed by the data anal yzer to output a
conpressed differential signal, saidéﬁo rﬁgs d differential signal is
restored to a expanded differenti al 'dﬂgf jgsaid decodi ng neans, a
predicted signal is obtained fromsaid frane nenory by the predicted

pi ct urel:p‘r xu?er 3 Qwi gni ficant pixel value contained in the predicted
signal I's ddel thodgh a first nethod by the first padder to produce a
padded predicted signal, the expanded differential signal and the padded
predi cted signal are added by the adder to produce a reproduced signal, at

the same tine, o
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.am insignificant pixel value contained in the reproduced signal is padded
t hrough a second nethod by the second padder, and the padded reproduced

signal is stored in the frane nenory. 21. A nmethod of padding a
di"gital picture conprising the steps of: (a) inputting a subject

pi cture having a first object, (b) producing a predicted picture
havi ng a second obj ect, (c) padding the predicted picture through
changing a scope to be padded in an i @0y 3 &int region of the predicted
pi cture depending on the object in the first picture. 22. The

met hod gﬁdg ng Sdngi tal picture as defined in Caim2l, wherein a scope
to be padd *t h&i Asi gni fi cant region of the predicted picture is forned
by overl apping an insignificant region of the second picture and a
significant region of the first picture. 23. A digital picture

decoder conprising: in UIFEEa s, a data anal yzer, decodi ng neans, adder,
predi cted picture prodycery; pfdder and
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A» a frame nmenory, wherein a conpressed data is fed into the input neans,
the conpressed data is anal yzed by the data anal yzer to output a conpressed
differential signal, which is restored to a expanded differential signal by
sdi d decodi ng neans, a predicted signal is obtained fromsaid frame nenory
by the predicted picture producer, an insignificant pixel value contained
in the predicted signal is padded thro gE a predeterm ned nmethod and a
padded predicted signal is produced byé; e/ﬁgaﬁer, t he expanded
differential signal is added to the padded predicted signal by the adder to
pr oduce dso ut rgpr oduced signal, at the same tine, the reproduced
ifusgoﬂsg‘inss

si gnal frame nenory, wherein said padder restricts
a scope to be padded of the :
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Jpnredicted signal within a region having a significant pixel of the

r epr oduced si gnal . 24. A digital picture decoder conprising: input
neéans, a data anal yzer, decodi ng neans, adder, predicted picture producer,
pddder and a frame menory, wherein c@mpres8eg data is fed into the input
means, the conpressed data is analyzed by the data anal yzer to output a
conpressed differential signal, said conpressed differential signal is

restored tq ., e nded di.f farential signal by said decoding neans, a

pr edi ct ed i"ﬁh&?ﬁ%’qﬁb‘t“aé%ﬁrrﬂ%ﬁg%ai d frame menory by t-he predicted
picture pr cer; IAsigmni ficant pixel value contained in the -predicted
signal is %H(}de&n{jﬁggélfgﬁbgwpredeterm ned nmet hod and a padded predicted

signal is piggdugndtBddéhe padder, the expanded differential signal is added
to the padded predicted signal by the adder to produce and output a )
repr oduced 203ynancoder t he sane tine, the reproduced signal is stored in the

frame nmenor . wherei n when al l pi xel s contained in the predicted
signal &e ﬁl%l JHpsrete,prsing i’é?r%s?"%%r (ﬁ@&‘bni ficant pixels are padded with

significant,tu xel s adjacent to the predicted signal in the frame nenory
t hrough a pg(gdetaelfarﬁ%hé@g met hod.

206. output terminal
207. decoder
| 208. inverse quantizer
10 209. inverse discrete cosine transformer (IDCT)
210. second adder
211. variable length encoder
212. padder |
218. frame memory
15 . 214. motion estimator
215. motion compensator
229. recorder
280. initializer
240. first padder
20 241. second padder
244. padder
246. padder
301. input terminal
302. data analyzer
25 303. decoder
804. inverse quantizer
305. IDCT
306. adder |
307. output terminal
80 308. padder



“42!,, 25. A digital picture decoder conprising: input nmeans, a data
anal yzer, decodi ng neans, adder, padder and franme nenory, wherein
conpressed data is fed into the i nput neéhs3 A8 Jonpressed data is

anal yzed by the data anal yzer to output a conpressed differential signal,
said conpressed differential signal is restored to an expanded differenti al
signal by said decodi ng neans, the expanded differential signal and a

predi ct ed H0PaarIWMSWEDGFY; he frane nenmory are added by the adder to
produce a od sj anal the sane time, an insignificant pixel value
cont ai ned isﬁ%héaﬁﬁgpocgg%é%nﬁ%éﬁal i s padded by the padder, and the padded
repr oduced ﬁ@n%a&@elstor ed in the frame nenory,
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gives one of an indication that a pixel is &gmﬁcant and insignificant,

{(b) resolving the picture into a plurality of regions adjacent with
each other,

{c) padding an insignificant pixel value adjacent to a significant
pixel in a region including a boundary.of an object shape with a
significant pixel value near to insignificant pixels values, said significant
pixel value undergone a functional transformation.

2. The method of padding a digital picture as defined in Claim 1,
wherein an insignificant region adjacent to the region including a
boundary of the object shape, said insignificant region comprising of an
insignificant pixel value, is padded with a significant pixel value in the
region including said boundary of the object shape, said significant pixel

value undergone the functional transformation.

3. A picture encoder comprising:

(a) predicted picture production means for receiving a picture
signal as an input signal including a significant signal which identifies a
pixel value of each pixel as one of a significant pixel and an insignificant
pixel, and producing a predicted picture signal corresponding to said
input signal using a picture signal already decoded,

(b} pixel value production means for padding the insignificant
pixel in said picture signal fed as the input signal with a pixel value
produced from a significant pixel value near the insignificant pixel by
using a predetermined function, and outputting the padded pixel,

(¢} deduction means for deducting an ocutput of said predicted
picture production means from an output of said pixel value production

means,

a

|
4



REPLACEMENT SHEE!

det:erm: ne_df_oriei,f____ _ _ —(c) padding an insignifi regron conpfi i ng of
an insignificant 43 pi xel and bei ng ddjtaceqgt ,,t0 olinglar y
region | ocat ed wlm“mwmu“ the shape with a pdd wéa\/‘&lb‘u ﬁ%%t i med
through a predL i MBn usi ng a33igni ficant ipi e bqundar y
region. *28¢ A nethod of padding a digital pjcture conprisinglithe
steps of: (a) resolving a digital picture hewrRg-amarditrary shape

ir géﬁoﬁspgggglr 'dlt %gqgiyegﬂigagl_ﬁg means for BhcBHASE it eLitgRitd obl d41d! deduefion
means,

(e} decoding means for decoding an output of said encoding
means,

(f) adding means for adding an output of said decoding means to

the output of said predicted picture production means,

(8) memory means for storing temporarily an output of said

adding means for being used in said predicted picture production means,

wherein said picture encoder taps off the output of said encoding

means.

4. A picture encoder comprising:

(a) predicted picture production means for receiving a picture
signal as an input signal including a significant signal which identifies a
pixel value of each pixel as one of a significant pixel and an insignificant
pixel, and producing a predicted picture signal corresponding to said
input signal using a picture signal already decoded,

(b) pixel value production means for padding the insignificant
pixel in said picture signal fed as the input signal with a pixel value
produced from a significant pixel value near the insignificant pixel by
using a predetermined function, and outputting the padded pixel,

(c) deduction means for deducting an output of said predicted
picture production means from an output of said pixel value production
means, |

(d) encoding means for encoding an output of said deduction
means,

(e) decoding means for decoding an output of said encoding
means,

(f) adding means for adding an output of said decoding means to
the output of said predicted picture production means,

(2 memory means for storing temporarily an output of said

adding means for being used in said predicted picture production means,
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5. A digital picture decoder comprising:

(a) decoding means for decoding an input signal,

(b) predicted picture production means producing a predicted

picture signal corresponding to said input signal using a picture signal

already decoded,

(c) pixel value production means for producing a pixel value from

a significant pixel value of said predicted picture signal by using a
predetermined function, padding an insignificant pixel value of said
predicted picture signal with said pixel value and outputting the padded
pixel,

(d} adding means for adding an output of said decoding means to
the output of said pixel value production means,

(¢) memory means for storing temporarily an output of said
adding means for being used in said predicted picture production means,

wherein said picture decoder taps off the output of said adding
means.

6. The digital picture decoder as defined in Claim 5, wherein .
the pixel value production means pads an insignificant region comprising
of an insignificant sample value, said region adjacent to a boundary of a -

shape of an object.

7. A method of picture padding comprising a first padding
process and a second padding process, wherein the first padding process
comprises the steps of:

(a) scanning a pixel of a picture having an arbitrary shape
comprising significant and insignificant pixels along a first direction,
(b) in the first direction, producing a first padded picture by



31.° The nethod of padding a digital picture as dé¢fRERIACEMENT SHEEDG| or 27,

wherein when a pluralit

L her eof 'Czn;;f.es. 'of IIMHﬁlltﬂ llllllllll Pl B i o 8- R A

pi cture havi ng an arbltrary shape into ajpkai-ity—et—eyi pns,

t her eof

di gi tal

addln val ues are ayafftapre, an avef ape

(b) processing said plurality of regions accordifpg to a pre- deterf ned

order,

i nsignifi ca%t

ddify aRafdigfifielnt PekdVdihe 3hth £ GIIRERAP Piel VAL silected
through a predetermined method, and
the second padding process comprises the steps of:

(c) scanning each sample of said first padded picture comprising
the significant pixel and the insignificant pixels along a second direction,

(d) in the second direction, padding the insignificant pixel with
the significant pixel values selected through the predetermined method or
the pixel value padded in the first padding process.

8. A method of picture padding comprising a first padding
process and a second padding process, wherein the first padding process
comprises the steps of:

(a) scanning a pixel of a picture having an arbitrary shape
comprising significant and insignificant pixels along a first direction,

(b) in the first direction, producing the first padded picture by
padding an insignificant pixel value with a significant pixel value nearest
to the insignificant pixel, and

the second padding process comprises the steps of :

(c) scanning each sample of said first padded picture comprising
the significant pixel and the insignificant pixel along a second direction,

[d) in the second direction, padding the insignificant pixel with
the significant pixel values nearest to the insignificant pixels or the pixel
value padded in the first padding process.

9. The method of picture padding as defined in Claim 7 or 8,

wherein said second direction is perpendicular to said first direction.

10. A method of picture padding comprising a first, second, third
and fourth padding processes, wherein the first padding process
comprises the steps of: (a) scanning a pixel of a picture having an
arbitrary shape comprising significant and insignificant pixels along a
first direction, "
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(d) in the second direction, padding the insignificant pixel value

of said first padded picture with the significant pixel value selected

through the predetermined method or with the pixel value padded in the

ch%fxdt eec%f(])%ﬁe wi th

first padding process, and producing a second padded picture,

the third padding process comprises the steps of:

e} scanning the pixel of said picture having an arbitrary shape

comprising significant and insignificant pixels along a third direction,
(® in the third direction, producing a third padded picture by
padding an insignificant pixel value with a significant pixel value selected

through said predetermined method, and

the fourth padding process comprises the steps of:

(8) scanning each sample of said third padded picture along a

fourth direction,

(h) in the fourth direction, padding an insignificant pixel value
with a significant pixel value selected through the predetermined method
or the pixel value padded in the third padding process, and producing a .

fourth padded picture, and

() taking an average of said second padded picture and said |

fourth padded picture.

11. A method of picture padding comprising a first, second and

third padding processes, wherein the first padding process comprises the

steps of: (a) scanning a pixel of a picture having an arbitrary shape
comprising significant and insignificant pixels along a first direction,

{(b) in the first direction, producing a first padded picture by
padding an insignificant pixel value with a significant pixel value selected



met‘hod, wher.ei n-when a subject region is not nHEPEAGBMENTc%&ETr
and a previ.ous region adjacent to_the subject regionjo
order is an insi ggllﬂﬂﬂ Iuﬂ ll l;he previous region i
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an insignificant reglon and 45 the previous region
adj acent totﬁxtlﬁze%-l’ He{-_&ghﬁ{éd)ﬁlétﬁgdpredeterm ned oldes—-srot—am
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obt ai ned by a predﬁieesmom&iphdnhmgmoowmgommmlEhe:atm)sm)ﬁ(el of the
previ ous region.

(c) scanning each sample of said first padded picture along a
second direction,

{(d) in the second direction, padding an insignificant pixel value
with a significant pixel value, and producing a second padded picture,

(e) taking an average of said first and second padded pictures,
and producing a third padded picture, wherein when both the first and
second padded pictures have one of a significant pixel value and a
padded pixel value, an average of these values is used for padding the
third padded picture, and when one of the first and second padded
picture has a significant pixel value, the significant pixel value is used for
padding the third padded picture, and when both the first and second
padded pictures have no significant pixel value, a pixel value of the third
padded picture is used for padding an insignificant pixel value, and the
third padding process comprises the steps of:

() taking an average value of the significant pixels around the
insignificant pixels, and
(¢) padding the insignificant pixels with said average value.

12. A method of picture padding comprising the steps of:
(a) resolving a picture having an arbitrary shape comprising N
(N=1, 2, 3, 4 ....) pieces of aggregates having discrete significant pixels
into N pieces of regions surrounding said N pieces of aggregates, and |
(b) padding an insignificant pixel value with a padding value
produced through a predetermined method using said significant pixel

surrounded.

13. A method of picture padding comprising the steps of:
(a) inputting a picture signal having a significant signal which
gives one of an indication that a pixel is significant and insignificant,
(b) resolving a picture of the picture signal into a plurality of |
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14. A method of picture padding comprising the steps of:

(a) inputting a picture signal having a significant signal which
gives one of an indication that a pixel is significant and insignificant,

(b} resolving a picture of the picture signal into a plurality of
regions, said picture having an arbitrary shape

(c) padding a subject region which includes no significant pixel
with a predetermined padding value.

15. A digital picture encoder comprising: input means, first
padder, predicted picture producer, second padder, first adder, encoding
means, decoding means, second adder and frame memory, wherein a
picture having an arbitrary shape is fed into said input means, an
insignificant pixel contained in said picture having an arbitrary shape is
padded by the first padder with a padding value determined through a
first method, a padded input picture is produced, a predicted picture is
produced using said frame memory by said predicted picture producer,
insignificant pixels of said predicted picture is padded by the second
padder with a padding value produced through a second method to
produce a padded predicted picture, the padded picture and the padded
predicted picture are fed into the first adder, where a differential picture
is produced, the differential picture is fed into said encoding means to be
compressed into a compressed differential picture through a
predetermined method, the compressed differential picture is fed into the
decoding means, where the compressed differential picture is restored to

an expanded differential picture, which is fed into said second adder, |



35.” The nethod of padding a digital picture as defi ne REPRAGEMENT, §E,EET33 or
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region in agyerlisead pliddea! hrititePBREEee is added to the expanded differential

picture to produce a reproduced region, and the reproduced region is

=]

stored in the frame memory.

16. A digital picture encoder comprising: input means, a first
padder, predicted picture producer, second padder, first adder, encoding
means, decoding means, second adder, and a frame memory, wherein a
picture having an arbitrary shape is fed into said input means, a
predicted picture is produced using said frame memory by said predicted
picture producer, an insignificant pixel contained in said predicted
picture is padded by the first padder with a padding value obtained
through a predetermined method, a padded predicted picture is
produced, an insignificant pixel of said picture having an arbitrary shape
is padded by the second padder with a padding value obtained through
the predetermined method to produce a padded input picture, the
padded picture and the padded predicted picture are fed into the first
adder, where a differential picture is produced, the differential picture is
fed into said encoding means to be compressed into a compressed
differential picture through a predetermined method, the compressed
differential picture is fed into the decoding means, where the compressed
differential picture is restored to an expénded differential picture, which
is fed into said second adder, where said padded predicted picture is
added to the expanded differential picture to produce a reproduced

region, and the reproduced region is stored in the frame memory.

17. A digital picture decoder comprising: input means, a data
analyzer, decoding means, adder, predicted picture producer, padder and
a frame memory, wherein a compressed data is fed into the input means,
the compressed data is analyzed by the data analyzer to output a
compressed differential signal, said compressed differential signal is
restored to a expanded differential signal by said decoding means, a
predicted signal is obtained from said frame memory by the predicted
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18. A digital picture encoder comprising: input means, a first
adder, encoding means, decoding means, second adder, padder and
frame memory, wherein a picture having an arbitrary shape is fed into
the input means, the picture having an arbitrary shape and a predicted
picture stored in the frame memory are fed into the first adder, where a
differential picture is produced, the differential picture is fed into the
encoding means, where the differential picture is compressed to a
compressed differential picture through a predetermined method, the
compressed differential picture is fed into the decoding means and
restored to an expanded differential picture through a predetermined
method, the expanded differential picture is fed into the second adder,
where the predicted picture is added to produce a reproduced picture,
the reproduced picture is fed into the padder to pad an insignificant pixel
using a significant value contained in the reproduced picture, and the
padded reproduced picture is stored in the frame memory.

19. A digital picture decoder comprising: input means, a data |
analyzer, decoding means, adder, padder and frame memory, wherein a
compressed data is fed into the input means, the compressed data is
analyzed by the data analyzer to output a compressed differential signal,
which is restored to a expanded differential signal by said decoding
means, the expanded differential signal and a predicted signal stored in
the frame memory are added by the adder to produce a reproduced
signal, at the same time, an insignificant pixel value is padded by the
padder using a significant value contained in the reproduced signal, and



the reproduced region is fed into the padder to pad an

contained in the' repgﬁmm ' through a predetermingd nmethod, amdja
padded reproduced redi ﬁ Imﬁﬂgﬂﬂl Lt he frame nenory, 27#%@“ S3
padder enpl oys the nethod ot padds s 46fined in dailmi26; " 27; 7 3%,

S

39. Adigital picture decoder conprifsi

data anal yzer, decodi ng neans, adder, padder and franej{nenory, wherein

i REPHMEMENTNSHERTX ¢

i d

a

compressed tigé paildeladproilactdiaiiles STBAGE in tHE FATR PEREGHIAT T TS

anal yzed by the data anal yzer to output a conpresse réential signal

20. A digital picture decoder comprising: input means, a data
analyzer, decoding means, adder, predicted picture producer, first
padder, second padder and frame memory, wherein a compressed data
is fed into the input means, the compressed data is analyzed by the data
analyzer to output a compressed differential signal, said compressed
differential signal is restored to a expanded differential signal by said
. decoding means, a predicted signal is obtained from said frame memory
by the predicted picture producer,
an insignificant pixel value contained in the predicted signal is padded
through a first method by the first padder to produce a padded predicted
signal, the expanded differential signal and the padded predicted signal
are added by the adder to produce a reproduced signal, at the same time,
an insignificant pixel value contained in the reproduced signal is padded
through a second method by the second padder, and the padded
reproduced signal is stored in the frame memory.

21. A method of padding a digital picture comprising the steps of:
(a) inputting a subject picture having a first object,
(b) producing a predicted picture having a second object,
(c) padding the predicted picture through changing a scope to be
padded in an insignificant region of the predicted picture depending on
the object in the first picture. |

22. The method of padding a digital picture as defined in Claim
21, wherein a scope to be padded of the insignificant region of the
predicted picture is formed by overlapping an insignificant region of the
second picture and a significant region of the first picture.

23. A digital picture decoder comprising: input means, a data
analyzer, decoding means, adder, predicted picture producer, padder and
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produced by the padder, the expanded differential signal is added to the

padded predicted signal by the adder to produce and output a
reproduced signal, at the same time, the reproduced signal is stored in
the frame memory,

wherein said padder restricts a scope to be padded of the
predicted signal within a region having a significant pixel of the
reproduced signal.

24. A digital picture decoder comprising: input means, a data
analyzer, decoding means, adder, predicted picture producer, padder and
a frame memory, wherein compressed data is fed into the input means,
the compressed data is analyzed by the data analyzer to output a
compressed differential signal, said compressed differential signal is
restored to a expanded differential signal by said decoding means, a
predicted signal is obtained from said frame memory by the predicted
picture producer, an insignificant pixel value contained in the predicted
signal is padded through a predetermined method and a padded |
predicted signal is produced by the padder, the expanded differential
signal is added to the padded predicted signal by the adder to produce
and output a reproduced signal, at the same time, the reproduced signal
is stored in the frame memory,

wherein when all the pixels contained in the predicted signal are
insignificant pixels, the insignificant pixels are padded with significant
pixels adjacent to the predicted signal in the frame memory through a

predetermined method.
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analyzer, decoding means, adder, padder and frame memory, wherein
compressed data is fed into the input means, the compressed data is
analyzed by the data analyzer to output a compressed differential signal,
said compressed differential signal is restored to an expanded differential
signal by said decoding means, the expanded differential signal and a
predicted signal stored in the frame memory are added by the adder to
produce a reproduced signal, at the same time, an insignificant pixel
value contained in-the reproduced signal is padded by the padder, and
the padded reproduced signal is stored in the frame memory,

wherein when all the pixels contained in the reproduced signal
are insignificant pixels, the insignificant pixels are padded with
significant pixels adjacent to the reproduced signal through a
predetermined method.

26. A method of padding a digital picture comprising the steps of:

(a) resolving a digital picture having a rectangular shape into a
plurality of regions, |

(b) processing said plurality of regions according to a pre-
determined order,

(c) padding an insignificant region comprising of an insignificant
pixel and being adjacent to a boundary region located at a boundary of
the shape with a padding value obtained through a predetermined |
method.

27. A method of padding a digital picture comprising the steps of:
(a) resolving a digital picture having an arbitrary shape into a
plurality of regions,
(b) processing said plurality of regions according to a pre-
determined order,
(c) padding an insignificant region comprising of an insignificant
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previ ous picture on a decodi ng order. 44. A digital picture encoder
conprising: input means, a first padder, predicted picture producer, second
padder, first add2s. Acmedddéd®df padding a digital picture comprising the steps of:

{a) resolving a digital picture having an arbitrary shape into a
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plurality of regions,

(b) processing said plurality of regions according to a pre-
determined order,

(c) padding an insignificant pixel of a boundary region located at
a boundary of the shape with a first padding value obtained by a first
function,

(d) padding an insignificant region comprising of an insignificant
pixel and being adjacent to said boundary region with a second padding
value obtained from a second function using the padded pixel of said
boundary region.

29. The method of padding a digital picture as defined in Claim
26 or 27, wherein the insignificant region comprising of an insignificant -
pixel and being adjacent to the boundary region in a horizontal direction
is padded.

30. The method of padding a digital picture as defined in Claim
26, 27 or 28, wherein the insignificant region comprising of an |
insignificant pixel and being adjacent to the boundary region in a vertical
direction is padded.

31. The method of padding a digital picture as defined in Claim
26 or 27, wherein when a plurality of padding values are available, an
average thereof is used for padding. '

32. A method of padding a digital picture comprising the steps of:
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the shape with padding values obtained through a predetermined
method,

wherein when a subject region is not an insignificant region and

a previous region adjacent to the subject region on the predetermined
order is an insignificant region, the previous region is padded with a
padding value obtained through a predetermined method, and

wherein when the subject region is an insignificant region and
the previous region adjacent to the subject region on the predetermined
order is not an insignificant region, the subject region is padded with a
padding value obtained through a predetermined method.

'33. A method of padding a digital picture comprising the steps of:

{a) resolving a digital picture having an arbitrary shape into a
plurality of regions,

{b} processing said plurality of regions according to a pre-
determined order,

{c} padding an insignificant region comprising of an insignificant
pixel and being adjacent to a boundary region located at a boundary of |
the shape with padding values obtained through a predetermined
method,

wherein when a subject region is not an insignificant region and
a previous region adjacent to the subject region on the predetermined
order is an insignificant region, the previous region is padded with a
padding value obtained by a predetermined function using a significant
pixel of the subject region, and

wherein when the subject region is an insignificant region and
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34. A rmoethod of padding a digital picture comprising the steps of:

(a) resolving a digital picture having an arbitrary shape into a
plurality of regions,

(b) processing said plurality of regions according to a pre-
determined order,

(c} padding an insignificant region comprising of an insignificant
pixel and being adjacent to a boundary region located at a boundary of
the shape with a padding value obtained through a predetermined
method,

wherein when a subject region is not an insignificant region, an
insignificant pixel contained in said subject region is substituted with a
padding value obtained by a first function, and when a previous region
adjacent to the subject region on the predetermined order is an
insignificant region, the previous region is padded with a padding value
obtained by a second function using a significant pixel of the previous
region, and

wherein when the subject region is an insignificant region, the
previous region adjacent to the subject region on the predetermined
order, the subject region is padded with an padding value obtained from |

a second function using the pixel of the previous region.

35. The method of padding a digital picture as defined in Claim
32, 33 or 34, wherein the insignificant region comprising of an
insignificant pixel and being adjacent to the boundary region in a
horizontal direction is padded.

36. The method of padding a digital picture as defined in Claim

P
fed plcture
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insignificant pixel and being adjacent to the boundary region in a vertical
direction is padded.

37. The method of padding a digital picture as defined in Claim
32, 33 or 34, wherein when a plurality of padding values are available, an
average thereof is used for padding.

38. A digital picture decoder comprising: input means, a first
adder, encoding means, decoding means, a second adder, padder and a
frame memory, wherein a digital picture having an arbitrary shape is fed
into the input means, said digital picture is resolved into a plurality of
regions adjacent with each other, the plurality of regions are processed as
subject regions according to a predetermined order, said subject regions
and a predicted region stored in the frame memory are fed into the first
adder, where a differential region is produced, the differential region is
fed into the encoding means, the differential region is compressed into a
compressed differential region through a predetermined method, the
compressed differential region is fed into the decoding means to restore
thereof to an expanded differential region through a predetermined
method, the expanded differential region is fed into the second adder,
where said predicted region is added for producing a reproduced region,
the reproduced region is fed into the padder to pad an insignificant pixel
contained in the reproduced region through a predetermined method, |
and a padded reproduced region is stored in the frame memory,

wherein said padder employs the method of padding as defined
in Claim 26, 27, 28, 32, 33, or 34.

39. A digital picture decoder comprising: input means, a data
analyzer, decoding means, adder, padder and frame memory, wherein
compressed data is fed into the input means, the compressed data is

analyzed by the data analyzer to output a compressed differential signal,
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said compressed differential signal is restored to a expanded differential
signal by said decoding means, the expanded differential signal and a
predicted signal stored in the frame memory are added by the adder for
producing a reproduced signal, at the same time, an insignificant pixel
value included in the reproduced signal is padded by the padder, and the
padded reproduced signal is stored in the frame memory,

wherein said padder employs the method of padding as defined
in Claim 26, 27, 28, 32, 33 or 34.

40. A digital picture decoder comprising: input means, a first
adder, encoding means, decoding means, a second adder and a frame
memory, wherein a digital picture having an arbitrary shape is fed into
the input means, said digital picture is resolved into a plurality of regions
adjacent with each other, the plurality of regions are processed as subject
regions according to a predetermined order, said subject regions and a
predicted region stored in the frame memory are fed into the first adder,
where a differential region is produced, the differential region is fed into
the encoding means, the differential region is compressed into a
compressed differential region through a predetermined method, the
compressed differential region is fed into the decoding means to restore
thereof to an expanded differential region through a predetermined
method, the expanded differential region is fed into the second adder,
where said predicted region is added for producing a reproduced region,
said frame memory is initialized by a predetermined initializing value, the
significant sample in the reproduced region is stored in the initialized
frame memory through overwriting.

41. The digital picture encoder as defined in Claim 40, wherein
the predetermined initializing value is an average of significant pixels of a

previous picture on an encoding order.

42. A digital picture decoder comprising: input means, a data



LT 27

analyzer, decoding means, adder, and frame memory, wherein a

compressed data is fed into the input means, the compressed data is
analyzed by the data analyzer to output a compressed differential signal,
said compressed differential signal is restored to an expanded differential
signal by said decoding means, the expanded differential signal and a
predicted signal stored in the frame memory are added by the adder for
producing a reproduced signal, at the same time, said frame memory is
initialized by a predetermined initializing value, the significant sample in
the reproduced region is stored in the initialized frame memory through

overwriting.

43. The digital picture decoder as defined in Claim 42, wherein
the predetermined initializing value is an average of significant pixels of a

previous picture on a decoding order.

44. A digital picture encoder comprising: input means, a first
padder, predicted picture producer, second padder, first adder, encoding
means, decoding means, second adder, and a frame memory, wherein a
picture having an arbitrary shape is fed into said input means, an
insignificant pixel contained in said picture having an arbitrary shape is
padded with a padding value obtained from a first method and a padded
input picture is produced by the first padder, a predicted picture is
produced by the predicted picture producer from the frame memory, said
subject padded picture and said padded predicted picture are fed into the
first adder, where a differential picture is produced, the differential
picture is fed into the encoding means and compressed into a
compressed differential picture through a predetermined method, the
compressed differential picture is fed into the decoding means and
restored to an expanded differential picture through a predetermined
method, the expanded differential picture is fed into said second adder,
where said padded predicted picture is added to the expanded differential

picture to produce a reproduced picture, an insignificant pixel contained
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in the reproduced picture is padded by the second padder with a padding
value obtained through a second method, and the padded reproduced
picture is stored in the frame memory.

45. A digital picture encoder comprising: input means, a first
padder, predicted picture producer, second padder, first adder, encoding
means, decoding means, second adder, and a frame memory, wherein a
picture having an arbitrary shape is fed into said input means, a
predicted picture is produced from the frame memory, an insignificant
pixel contained in the predicted picture is padded by the first padder with
a padding value obtained through a first method to produce a padded
predicted picture, said subject padded picture and said padded predicted
picture are fed into the first adder, where a differential picture is
produced, the differential picture is fed into the encoding means and
compressed into a compressed differential picture through a
predetermined method, the compressed differential picture is fed into the
decoding means and restored to an expanded differential picture through
a predetermined method, the expanded differential picture is fed into said
second adder, where said padded predicted picture is added to the
expanded differential picture to produce a reproduced picture, an
insignificant pixel contained in the picture having an arbitrary shape by
the second padder with a padding value obtained through a second
method to produce a padded reproduced picture, and the padded
reproduced picture is stored in the frame memory. |



: ' REPLAGEMENT SHEET

50 27 JUL 1999

METHOD FOR SUPPLEMENTING DIGITAL IMAGE WITH
PICTURE ELEMENT, AND DIGITAL IMAGE ENCODER AND
DECODER USING THE SAME

Abstract

The present invention provides a method of supplementing a
digital picture with a shorter delay time and less calculations. The
padding method is applied to a picture having a great motion, and results
in producing a prediction signal with small errors. The present invention
also provides an apparatus using the same method. To be more specific
about the method, in a digital picture data including picture information
indicating an object, a picture is resolved into a plurality of regions
adjoining with each other, and each of the insignificant sample value of a
region containing the boundary of the object shape is supplemented
(padded) by the values obtained from transforming of the significant
pixels near to the insignificant pixels.

Fig. 1



