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Gﬁiﬂewllnage .codi ng apparatus and an i mage decodi ng apparatus for use @¢
syst em whi ch perforns hi gh efficiency coding or decoding of noving pi ures
‘to perforﬁleff|0|ent tranSmi ssion or sfyar age of inages, and nore
particularly to an i mage codi ng apparatus and an i mage decodi ng appar at us
whi ch can be apglled to processing of, for exanple, a digital broadcasting
syst em whir&RLEs Ee?ﬁ@rﬁ%ﬁg NTIM a satellite or a ground wave or cable
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vi deo phone or i mages 'ONn 0 Ior Art As a
representative one of conventional high efficiency coding systens, the
MPER2 is known which is an international standard systemrecomended by the
| SO | EC/ JBEECKSRRUNINIF . THBrINNGNﬂiQN "I mage | nformation Engi neering and
Broadcastlng Techni gues”, Journal of the Television Engineering Society of
Japan, ApFipl 19§5tB?pFﬁVﬁ%t¥ﬁb MPEG as a thene of specia

This invention relates to an image coding apparatus and
an image decoding apparatus for use with a system which
performs high efficiency coding or decoding of moving
pictures to perform efficient transmission or storage of
images, and more particularly to an image coding apparatus
and an image decoding apparatus which can be applied to
processing of, for example, a digital broadcasting system
which is performed using a satellite or a ground wave or
cable communication network, a digital video disk, a mobile
video phone, a PHS video phone or a data base for images.
Description of the Prior Art

As a representative one of conventional high efficiency
coding systems, the MPEG2 is known which is an international
standard system recommended by the ISQO/IEC/JTC1l/SC29/WG1l.
For example, "Image Information Engineering and Broadcasting
Techniques"™, Journal of the Television Engineering Society of
Japan, April, 1995 explains the MPEG ag a theme of special
editing. A coding system of the MPEG2 is disclosed in "3-2
Video Compression"™ of the same document, pp. 29-60.

The coding system of the MPEG2 is described below.

FIG. 31 is a block diagram showing a basic¢ construction
of an ordinary encoder of the MPEG2, and FIG. 32 is a block
diagram showing a basic construction of an MPEG2 decoder.
Referring to FIGS. 31 and 32, reference numeral 1 denotes a

frame re-arranging unit, 2 a subtracting unit, reference



. edi-ting. A coding systemof the MPEG is disclosed in "3-2 Video

~ Conpression" of the sane docunent, pp. 29-60. The coding system of the
MPER is described below FIG 31 is a block diagram show ng a basic
construction of an ordinary encoder of the MPEQ, and FIG 32 is a bl ock

di agram showi ng a basic constructi on oLzan MPEG2 decoder. Referring to
FIGS. 31 and 32, reference nuneral 1 denotes a frame re-arranging unit, 2 a

subtractigghunit, ref erence -2- characters 3a and 3b denote each an
i nt er (i nt FR3ERBFEFH(3 (3N 3R QRO RRAFBNRRY sel ector, reference numeral 4

Senoles 2 SHRNELLAGR okl AR MRLLLLOUD bet SRS RiRRTL 200 |
second fraperoRIREY nideda ) of Wind tdis’ 8CLbARTe FRL AP NuSOEP S SR itiah tidilng 12 a
bidirection notion conpensating unit, 13 a backward direction notion
conpensat i wgi tni §,a ISeversd iquanddzimgt injtunvta déversedianyaddnd! unit,
17 a varl attz)rletl eang;rt] a(.:c(l)c(ljeizr'],g 9ur;=~i tf’ir%r*]cdfigme memory, 10 a second frame

memory, 11 a forward direcﬁion motion compenéating unit, 12 a

bidirection motion compensating unit, 13 a backward direction

motion compensating unit, 15 a motion estimating unit, 16 a

coding control unit, 17 a variable length coding unit, and 18

a buffer.

Further, reference numeral 100 denotes input image data

in the form of digital data, 101 re-arranged input image

data, 102 a predictive error image, 103 an original input

image or predictive error image, 104 a conversion

coefficient, 105 a quantization coefficient, 106 a reverse

quantized conversion coefficient, 107 reversed converted

image data, 108 a locally decoded image, 109 a reference

image from the first frame memory, 110 a reference image from

the second frame memory, 111 a forward direction motion

oredicted image, 112 a bidirection motion predicted image,

113 a backward direction motion predicted image, 115 a

determined predicted image, 117 a control signal to the

selector, 118 a control signal to the converting unit 4, 119

an adaptive quantization value, 120 a variable length coder,

121 a bit stream, 123 a motion vector, 124 a reference image,

and 125 an intra/inter switching signal.

Operation of the conventional image encoder is described
below with reference to FIG. 31. ‘

First, an input image signal 100 in the form of a

digital signal is inputted to the frame re-arranging unit 1,



a~buffer. Further, reference numeral 100 denotes I nput i mage data in the
formof digital data, 101 re-arranged input imge data, 102 a predictive
egror inmage, 103 an original input image or predictive error inmage, 104 a
conversion coefficient, 105 a quantization coefficient, 106 a reverse
gquanti zed conversion coefficient, 107 reversed converted i nage data, 108 a
| ocal |y decoded i mage, 109 a reference‘?ﬁage fromthe first frame nenory,
110 a reference image fromthe second frame nenory, 111 a forward direction
moti on pr &yt edhich pHgrurk] Frambsdtscbé i eodedtaren me-adiranged.nage, 113 a
backward direction notion predicted i mage, 115 a determ ned predicted

i mge, 117 a c&FHF-oPRXiiddastrateresueh ceerrrangemendont Rafarrdnd o t he

Cength coddl: B3y FOAeReRe AARr195h PP oAbl 2 T EEFERER8) | mage.
and 125 andddd iidthe S bahiReSEoRRb LM Pk, i@ goaventional
I mge encoder IS described belowwth reference to FIG 31. First, an input
i mge si gidldiretionale pradiceive doged abistupwal (I iimpuic & hotede frame
re-arrang!g%éﬂy;%;%ence numerals 1 to 10 represent an order in time in
which they are displayed.
The first frame is first coded as an I picture, and then
the fourth frame is coded as a P picture, whereupon the
already coded I picture is used as a reference frame for
prediction.
Then, the second frame is coded as a B picture.
Thereupon, the I picture of the first frame and the P picture
of the fourth frame coded already are used as reference
frames for the prediction; In FIG. 33, each arrow mark
represents a direction in which prediction is performed.
Thereafter, coding is performed in the construction of
I, B, B, P, B, B, P, ... by similar processing. Accordingly,
the action of the frame re-arranging unit 1 is to re-arrange
the input image signal 100, in which the picture frames are
arranged in order of time, so that they appear in order of
ceding in order to allow the processing described above.
Subsequently, since predictive coding is not performed
for the I picture mentioned above, when the re-arranged image
101 is inputted as it is to the selector 3a, from which it is
transmitted as a selector output 103 to the converting unit
4. On the other hand, for predictive coding for the P
picture or the B picture mentioned above, the re-arranged

image 101 is subtracted from a predicted image 115 by the

subtracting unit 2, and a predictive error image 102 is



b§?mhich picture frames to be coded are re-arranged. FIG 33 illustrates
such re-arrangenent. Referring to FIG 33, reference character | denotes an
iatra (intrafrane) coded picture, P an interframe coded picture, and B a
btdi rectional predictive coded picture. It is to be noted that reference
nunerals 1 to 10 represent an order in_ginme in which they are displayed.
The first frame is first coded as an | picture, and then the fourth frane
is coded as a P picture, whereupon the already coded | picture is used as a
r ef er ence ¥aRARirthed) agjithe §Rleghes, °‘EFE“%e’c‘é1d“q % q%é“’@c’fd‘é&gaémétB

pi-ct ure. ]pereupon, the | picture of the first franme and the P picture of
the fourth frame coded already are used as reference franmes for the

prediction. |n dHda, the @R1BcRLEOVLEBGK {EPIOSaMputied Cihen in which
prediction is perfornmed. Thereafter, coding is perfornmed in the

construct immwErtiingBumt R, BpdBa &onversinn stqafifbdcimndc d94i Ag.

Accordlrmﬂgﬁtputted from the converting unit 4. The conversion
coefficient 104 passes the quantizing unit 5, and a
quantization coefficient 105 is obtained from the quantizing
unit 5. The quantization cocefficient 105 is coded into a
variable length code by the variable length coding unit 17,
and a variable length coded word 120 is outputted from the
variable length coding unit i?.

The quantization coefficient 105 is, on the other hand,
inputted to the reverse quantizing unit 6, and a quantization
coefficient 106 is outputted from the reverse quantizing unit
5.

Further, the quantization coefficient 106 is reverse
converted back to an image level by the reverse converting
unit 7, and image data 107 is outputted from the raverse
converting unit 7. The image data 107 is, where it is data
of tha I picture, added to a predicted image 116 selected by
the adding unit 8, and a locally decoded image 108 is
outputted from the adding unit 8.

It is to be noted that the locally decoded image 108 is
written as it is into the first frame memory 9 when it is an
I picture, but, when it is a P picture, it is written into
the second frame memory 10.

On the other hand, when the locally decoded image 108 is
a B picture, it is written into none of the first frame
memory 9 and the second frame memory 10.

Thereafter, when the locally decoded image 108 is a P



the action of the frame re-arranging unit 1 is to re-arrange the input

I mge signal 100, in which the picture franes are arranged in order of

tikme, so that they appear in order of coding in order to allow the
pt-ocessi ng descri bed above. Subsequently, since predictive coding is not
performed for the | picture nmentioned_aaove, when the re-arranged i mage 101
Is inputted as it is to the selector 3a, fromwhich it is transmtted as a
sel ector output 103, to the converting unit 4. .On the_ other hand, for

pt edi cti VRLIEEBFRg FLRCRNEE P $ivitHt €0 (e Boprertr irefititRed above, the
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subtracti a a predictiv error e - tra
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output 103 is inputted to the converting unit 4, and a conversion

coef fi ci emacrolockofbpsiceanit dfoxt pgrocessdngi nf UAi pikelshy tbnversion
lineg) by the motion estimating unit 15. The motion
estimating unit 15 thus selects one of the macroblocks which
has a value nearest to that of the current macroblock as a
predicted image, and simultaneously outputs a motion vector
123 therefrom.

The motion vector 123 is inputted to the motion
compensating units 11, 12 and 13 surrounded by a dotted line
in FIG. 31, and motion predictive pictures are ocutputted from
the motion compensating units 11, 12 and 13,

In this instance, the forward direction motion
compensating unit 11 produces a forward direction motion
predicted image 111 using a reference image 109 from the
first frame memory 9 and outputs a thus determined predicted
image 115.

Further, as described hereinabove, the locally decoded
images 108 of all macroblocks in a P picture are written into
the second frame memory. However, even with the P picture
mentionaed above, when the macroblocks thereof are intraframe
{intra) coded, the frame re-arranged image 101 is outputted
directly as the selector output.

Meanwhile, for a B picture, the procedure of coding
processing is similar to that for a P picture described
above, but different from the processing for a P picture, two
reference frames are used for prediction.

The motion estimating unit 15 performs forward direction

prediction using the reference image 109 from the first frame



coefficient 104 passes the quantizing unit 5 and a quantization
coefficient 105 is obtained fromthe quantizing unit 5. The quanti zation
caefficient 105 is coded into a variable |l ength code by the variable | ength
céding unit 17, and a variable length coded word 120 is outputted fromthe
variable length coding unit 17. The quagtization coefficient 105 is, on the
ot her hand, inputted to the reverse quantizing unit 6, and a quantization
coefficient 106 is outputted fromthe reverse quantizing unit 6. Further,

t he quanti Pe0PEN Beochackyard dig@mdtionepredictboncrsing teferentd mge

| evel by the_rev econverting unit 7, and inmage data, 107,is outputted
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into the first frane nenory 9 when it is an | picture, but, when it is a P
pi cture, itoithakiefcthe gurndnt seczablocknbs nebtainad). and outputs a

motion vector 123 then.

In accordance with the thus determined prediction mode,
in the motion compensating unit, one of the motion
compensating units 11, 12 and 13 which corresponds to the
determined prediction mode produces and outputs a predicted
picture.

For example, when bidirection motion prediction is
selected, the bidirection motion compensating unit 12
produces and outputs a predicted image 115 determined using a
bidirection predicted image 112.

After coding of the B pictures of the second and third
frames shown in FIG. 33 is completed, image data-written in
the second frame memory is transferred to the first frame
memory. Thereafter, the P picture of the seventh frame is
coded, and a decoded picture is written into the second frame
memory.

Thereafter, B pictures (fifth and sixth frames) are
coded by similar processing to that described above.

When the macroblocks are intraframe (intra) coded, the
image 101 after frame re-arrangement is directly outputted as
the selector output similarly as in the case of a P picture.

FIG. 32 is a block diagram of a conventional decoder.
Referring to FIG. 32, reference character 22 denotes a
variable length decoding unit, 107(a) an intra (intraframe)

coded picture, and 107(b) a prediction error picture.



Or-the other hand, when the locally decoded image 108 is a B picture, it is
witten into none of the first frame nenory 9 and the second franme nenory
1& Thereafter, when the locally decoded inage 108 is a P -5- picture,
since it is used only for forward direction prediction, a reference inage
124 in the first franme menory 9 is read,out, and nmotion prediction is
performed for each nmacrobl ock (basic unit for processing of 16 pixels x 16
lines) by the notion estimating unit 15. The notion estimting unit 15 thus
sel ects one of fURsamENSBVocRBEFREEMN MG the Aanvenddonsl deceder silihe
current G Q | 0 as, a predicted i mage, and sinultaneously outputs a

noti on vector é¥9fron1 The notion vector 123 is inputted to the

31, and ot on oo orrea ha L s e e A et PRl TRl bRe! N FIE
conpensat iimjourthies rebeilringnBufifier 18, and a variable length coded
word 120 is variable length decoded by the variable length
decoding unit 22 and outputted as a quantization coefficient
105.

The processing procedure after this is quite similar to
the local decoding processing of the encoder aescribed
hereinabove.

When the macroblock is intra decoded, a reverse
converted image 107 makes an image 107 (a) without passing the
adding unit 8, but when the macroblock is inter (interframe)
decoded, the reverse converted image data 107 makes an image
107(b). The image 107(b) is added to a predicted image 115
by the adding unit 8, and a decoded image 108 is outputted
from the adding unit 8. The decoded image 108 is processed
by the displayed frame re-arranging unit 38 such that such
decoded images are re-arranged so that they appear in order
of time, and finally, an output image 137 is outputted the
displayed frame re-arranging unit 38,

The example of a conventional image coder and image
decoder described above is a representative apparatus of a
type which performs forward direction, bidirection and |
backward direction prediction coding in combination.

In the example, for coding of a P picture, only forward
direction prediction is performed using the first frame
memory to perform predictive coding. On the other hand, for
coding of a B picture, one of the modes of forward direction

prediction, backward direction prediction and bidirection



| i this I nstance, the forward direction notion conpensating unit 11
produces a forward direction notion predicted imge 111 using a reference
i rmge 109 fromthe first frame nenory 9 and outputs a thus determ ned
prédi cted i mage 115. Further, as described herei nabove, the locally decoded
i mges 108 of all macroblocks in a P pi_gture are witten into the second
frame nmenory. However, even with the P picture nentioned above, when the
macrobl ocks thereof are intraframe (intra) coded, the frane re-arranged
i mge 101 PEediehien oWt th rdrigly painjeumepredbetbve perronbienandwidedr a B
picture, the procedure of coding.processing is . simlar to that for a P
picture de%%rgﬁgﬁcg V"és,l%tg}ﬁ %flé'rsg'nt"nér ﬁgrf’?ﬂ‘é PRIFRF¥G- a P picture,
two reference fxa0Bs,h sefd fQ; LS | 'Qﬁting unit 15
per forns formafé dlrectﬁgﬁ'preé?%%ﬁgﬁguggﬁgg%ﬁ%qsggg%%%%bqﬁ%%ge 09 from
the first picteres weihtten %n ek Faratedinencrios ederidad) USing a
ref erence

Consequently, for example, even if one of coded pictures

processed in the past is similar to a picture of the

currently coded frame, since the past decoded pictures have

already been erased from the frame memories, the similar

coded picture cannot be used for reference, resulting in a

subject to be solved in that the efficiency in image

processing is low as much.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide, in
order to solve the subject of the conventional image encoder
and image decoder described above, an image coding apparatus
and an image decoding apparatus wherein a decoded image
obtained in the past can be utilized efficiently as a
reference picture and the overall prediction efficiency is
improved to achieve moving picture coding and decoding of a
high efficiency. |

According to an aspect of the present invention, there
is provided an image coding apparatus, comprising storage
means for storing a plurality of decoded images, motion
compensating prediction means for performing motion
compensating prediction corresponding to an input image based
on the plurality of decoded images stored in the storage
means to produce a motion vector and for generating a
predicted image based on the motion compensating prediction,

prediction error calculation means for calculating a



i fage 110 from the second frame menmory 10, and bidirection prediction using
both of the reference i mages 109 and 110 to sel ect one of the prediction
npdes with which a value nearest to that of the current macroblock is
oBit ai ned, and outputs a notion vector 123 then. In accordance with the thus
determ ned prediction node, in the notign conpensating unit, one of the
noti on conpensating units 11, 12 and 13 which corresponds to the determ ned

predi cti on node produces and outputs a predicted picture. For exanple, when
bi di r ect i G4 EkBERSSFepPEFIEen obhe Predichad) image grarFated oAV nbR®on

conpensating.unit 12 produces and oqut puts a predic¢ted,] e. det erm ned
using a bFﬁ&?@ Fawpsﬁsagt?%dpf 3nf§§fmﬁbefngbgkﬁglgsg?h%ﬁéﬁ%ig%ures of
the secondggndibie’ d E:?‘@H?ét§£'x‘?v\&f& Rlfage33 dedoGeRR! Rb2ds FHROE data
witten in the second”franme nenory Is transferred to the first frane
menory. Thenezhitdng the Bepbdédrimnfed MFrowe\thet predaoeios eoded, immge a

decoded picture irs witten into the second frame_nenory. Thereafter, B
pi ctures @P#ppﬁagﬁg §yxphefp§9§g5t%9q3error calculation means and the

predicted image, background image storage control means for
selecéing one of the decoded images which is to be
continucusly stored in the storage means as a background
image and storing the background image into the storage
means, and background motion compensation means for
performing motion compensating prediction corresponding to
the input image based on the background image to generate a
motion vector and generating a predicted image based on the
motion compensating prediction.

According to another aspect of the present invention,
there is provided an image decoding apparatus, comprising
storaga means for storing a plurality of decoded images,
motion compensation means for performing motion compensating
prediction based on the decoded images stored in the storage
means to generate a motion compensated image, decoding means
for generating the coded images from the motion compensated
image from the motion compensation means and a prediction
error image, background image storage control means for
selecting one of the decoded images which is to be
continuously stored in the storage means as a background
image and storing the background image into the storage
means, and background predicted image genération means for
generating a background predicted image based on the
background image.

The image coding apparatus and the image decoding



céded by simlar processing to that described above. Wien the macrobl ocks
are intrafrane (intra) coded, the inmage 101 after frane re-arrangenent is
directly outputted as the selector output simlarly as in the case of a P
piccture. FIG 32 is a block diagram of a conventional decoder. Referring to
FIG 32, reference character 22 denotesga variable | ength decoding unit,
107(a) an intra (intrafranme) coded picture, and 107(b) a prediction error
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simlar to the |ocal decoding processing of the encoder described
background image.

The image coding apparatus and the image decoding
apparatus of the present invention may otherwise be
constructed such that re-writing of image contents into the
storage means by the background image storage control means
is performed in units of a picture after a predetermined
interval of time or in response to a control signal from the
outside.

The image coding apparatus and the image decoding
apparatus of the present invention may otherwise be
constructed such that re-writing of image contents into the
storage means by the background image storage control means
is performed in units of a macroblock after a prgdg;egmined
interval of time or in response to a control signal from the
outside.

The image coding apparatus of the present invention may
otherwise be constructed such that the background motion
compensation means has a variable searching range for a
motion vector from the background images.

The image coding apparatus of the present invention may
otherwise be constructed such that it further comprises
differential vector generation means for holding a motion
vector obtained from the motion compensating prediction means
or the background motion compensation means and calculating a
difference vector between the generated motion vector and the
motion wvector in the past, and the difference vector is

variable length coded.



hér ei nabove. Wien the macroblock is intra decoded, a reverse converted

I mge 107 makes an image 107(a) w thout passing the adding unit 8, but when
the macroblock is inter (interframe) decoded, the reverse converted inmage
data 107 nakes an image 107(b). The inmage 107(b) is added to a predicted

i mage 115 by the adding unit 8, and a_dgqcoded inmage 108 is outputted from
the adding unit 8. The decoded i nage 108 is processed by the displ ayed
frame re-arranging unit 38 such that such decoded inages are re-arranged so
that they appeat® TR desPdingearhatr Fus 01 \they Pregepht 1pPHARELIPR7 s

out putted | yed,fra e-arrangi ni.t .38.. The exanple.of a
conventi orﬁﬁi%&%%@o%erbea gﬁfkﬁ‘é‘ééﬁ‘gc%ﬁ‘g? %&%ﬁ%&&rﬁs eain%ogz.on
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bi di rection and back&%ﬁ? g%fgg%igﬁl%9§%P%?ﬁgﬁgggﬁfﬁgkﬁﬁaggﬁgéﬁa%#ogyeIn t he
exanpl e, fEsttatichqadafing Rhpi mbbtien wadyof dewsdbdliihethieopaptedochi on i s

perforrreddi{séél??tthe first frame menory to perform predictive coding. On the
ot her hand* LB Y§IPrats preerRpEate i RytiaRe VREEES-of forward

direction predigld s nRAekar Sufti&etd Yol &F Thle®B-208AP PLLESELSR,
there is provided an image decoding apparatus which outputs a
coded bit stream of moving pictures, comprising a plurality
of frame memory groups for storing, individually for a
plurality of objects which compose a screen, decoded images
of the ocbjects in the past, a frame memory selecting unit for
selecting, in response to a contrel signal, into a frame
memory of which one of the plurality of frame memory groups a
decoded image is to be written, a motion compensation
predicting unit for selecting éne of forward direction
prediction, backward direction prediction, bidirection
prediction and background prediction in units of an object
using reference images read out from frame memories of the
plurality of frame memory groups provided for the individual
objects to perform motion compensating prediction, a
subtractor for calculating a difference between the predicted
image and a current image to calculate a prediction error
image, an adding unit for adding the predicted image from the
reference images and the prediction error image of the
current image, and a variable length coding unit for variable
length coding information.

According to a still further aspect of the present

invention, there is provided an image decoding apparatus
which decodes a coded bit stream of moving pictures,

comprising a plurality of frame memory groups for storing,
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prediction with which a mninmum predictive error is provided is selected
using the first and second franme nenories. Accordingly, as coding
pwocessi ng proceeds, decoded pictures witten in the frame nmenories are
efased. Consequently, for exanple, even if one of coded pictures processed
in the past is simlar to a picture of_gQie currently coded frame, since the
past decoded pictures have al ready been erased fromthe frame nenories, the
simlar coded picture cannot be used for reference, resulting in a subject
to be sol @iEiduakly forerf pdusatitynof nebiests cduisimgons irmgtas nuch.
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effICIenC%kE%e memory groups the coded images are to be written for
the individual objec;s, a variable length decoding unit for
variable length decoding the coded bit stream, and a motion
compensating unit for selecting one of forward direction
prediction, backward direction prediction, bidirection
prediction and background prediction in units of an object
using reference images read out from frame memories of the
plurality of frame memory groups to generate a motion
compensated image.

The image coding apparatus or the image decoding
apparatus of the present invention may be constructed such
that the plurality of frame memory groups include three frame
memory groups.

The image coding apparatus of the present invention may
otherwise be constructed such that re-writing of image
contents of a region in which an object which is a subject of
coding is included in the plurality of frame memory groups in
which coded images of the object in the past are stored is
performed after a certain interval of time or in response to
a control signal from the outside.

The image decoding apparatus of the present invention
may otherwise be constructed such that re-writing of image
contents of a region in which an object which is a subject of
decoding is included in the plurality of frame memory groups
in which coded images of the object in the past are stored is

performed after a certain interval of time or in response to



i fiproved to achi eve noving picture coding and decodi ng of a high
efficiency. According to an aspect of the present invention, there is
provi ded an i mage codi ng apparatus, conprising storage neans for storing a
plrfural ity of decoded inmages, notion conpensating prediction neans for
perform ng notion conpensating predi ctisn corresponding to an input inmage
based on the plurality of decoded i mages stored in the storage neans to
produce a notion vector and for generating a predicted i mage based on the

not i on cpﬁp@ﬂ%ﬁ??%gsiﬁﬁﬁﬂ TIh, the Qtsirdsn error cal cul ation neans for
calculating a phe-fina é%c?&%}bﬁ%ﬂjﬁ%ﬁ@ B?eaﬂéfgi&éégz | TR SR mdhed by

the notion conpensating pre n means an i nput Tmage to calculate a

predi cti OftREERL sk "BE CcoRl@ER i FRhS that geafeRind Trddieglemnded | mages
fromthe prediction error image cal cul ated by the prediction error

cal cul at i satieanveahar t ficomreafianerde Aimggeshicayr themdliurad te @fage control

nmeans for _ . )
frame memory groups for the individual cbjects are wvariable

for the individual objects.

The image coding apparatus of the present invention may
otherwise be constructed such that it further comprises
differential vector generation means for holding a motion
vector in the past obtained by referring to images from the
plurality of frame memory groups for the individual objects
and calculating difference vectors separately for the
individual objects, and the difference vectors are variable
length coded.

The image decoding apparatus of the present invention
may otherwise be constructed such that it further comprises a
motion vector adding unit for holding decoded motion vectors
in the past obtained by referring to images in the plurality
of frame memory groups for the individual objects for a
certain period of time and adding the motion vectors decoded
in the past to the decoded difference vectors to regenerate

motion wectors for the individual objects.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a coding apparatus for
moving pictures accoerding to an embodiment 1 of the present
invention;

FIG. 2 is a block diagram showing an internal
construction of a motion estimating unit of the coding

apparatus of the embodiment 1 of the present invention;



sefecting one of the decoded i mages which is to be continuously stored in
the storage neans as a background i nage and storing the background i nage

i at o the storage neans, and background notion conpensati on nmeans for
pérform ng noti on conpensating prediction corresponding to the input inmage
based on the background image to generate a notion vector and generating a
predi cted i mage based on the notion coz%ensating predi ction. According to
anot her aspect of the present invention, there is provided an i mge
decodi ng appar &EGs, 3cdapai blogk sdimgrem akend nigolanstiatiergad plural ity of

decoded i nages, notion %onpensation means for perform ng notion
conpensatFﬁgngBHF%?Poﬂ b2sEALHPP {FRNRARSAIEPT Pxged cEipgenih pBetleor age

the coded oaEhd SpPalRbhe o PORE SREERdd cfncae: PARPERE. hovPRhton: |0
conpensati on npags andsaaPbEsEe A %rh&wmgeangéﬁzsreaﬁgtwaafoﬁtOrage
control neans for selecting one of the decoded i mages which is to be
cont i nuougfytbeoreding appaxatusfomewvs rgs pd diacksr agadrdingetanthet or i ng
ggﬁefgfrgégﬁggaégﬁgfl'3§Otﬁém%§§§£§¥yiﬂ3gﬂgibn%nd background predicted inmage
FIGS. S5A to 5C are diagrammatic views illustrating an
example of the relationship between patterns of pictures and
prediction modes in the embodiment 1 of the present invention;
FIG. 6 is a block diagram showing a further construction
of the coding apparatus for moving pictures according to the
embodiment 1 of the present invention;
FIG. 7 is a block diagram of a decoding apparatus for
moving pictures according to an embodiment 2 of the present
invehtion;
FIG. 8 is a block diagram of a motion compensating unit
of the decoding apparatus of the embodiment 2 of the present
invenéién;
FIG. 9 is a block . iagram of a coding apparatus for
moving pictures according to an embodiment 3 of the present
invention;
FIG. 10 is a block diagram of a motion estimating unit
of the coding apparatus in the embodiment 3 of the present
invention;
FIG. 11 is a block diagram of a motion compensating unit
of the coding apparatus in the embodiment 3 of the present
invention;
FIGS. 12A, 12B and 12C are diagrammatic views
illustrating an example of the relationship between picture

patterns and prediction modes in the embodiment 3 of the



generating a background predicted i mage based on the background i mage. The
| mge codi ng apparatus and the image decodi ng -10- apparatus of the
prwesent invention may be constructed such that the storage means includes a
ffame nenory for storing a decoded i nage, and another franme nenory for
storing the background image. The inmagqgcodi ng apparatus and the inmage
decodi ng apparatus of the present invention nmay otherw se be constructed
such that re-witing of inmage contents into the storage nmeans by the

backgr oun®Te#RGE dnyRAGEOBSntrol neans is perforned in units of a picture

ft det ) i. Nt | of .1i i t tral i |
o om i he oot s 828.003 63! & Kok aladiad ot b (SRS, hRed-alls Py "
appar at Us nfrine paictseal ha&seamatggya@t&%am@nt&e 4C8Bskhidchedsayeh that

re-witing of image contents into
invention;

FIG. 14 is a block diagram of a motion compensating unit
of the decoding apparatus of the embodiment 4 of the present
invention;

FIG. 15 is a diagrammatic view illustrating re-writing
of a picture in a frame memory in units of a macroblock in a
coding apparatus according to an embodiment 5 of the present
invention;

FIG. 16 is a block diagram of a coding apparatus
according to an embodiment 8 of the present invention;

FIGS. 17A and 17B are diagrammatic views illustrating a
coding method of a motion vector in the embodiment 8 of the
present invention;

FIG. 18 is a block diagram showing another construction
of the coding apparatus according to the embodiment B of the
present invention;

FIG. 19 is a block diagram of a decoding apparatus
according to an embodiment 9 of the present invention;

FIG. 20 is a block diagram showing another construction
of the decoding apparatus according to the embodiment 9 of
the present invention;

FIG. 21 is a diagrammatic view illustrating the
relationship between pictures and objects:;

FIG. 22 is a block diagram of a coding apparatus
according embodiments 10 and 15 of the present invention;

FIG. 23 is a2 block diagram of a decoding apparatus

according to an embodiment 11 of the present invention;



storage nmeans by the background i mage storage control means is perforned in
units of a macroblock after a predeterm ned interval of tine or in response
to a control signal fromthe outside. The inage codi ng apparatus of the
present invention may otherw se be constructed such that the background
noti on conpensation neans has a vari aljlge searching range for a notion
vector fromthe background i mges. The inage coding apparatus of the

present invention ot her, e constr uch that it further
conpri ses di ff%\"%ﬂt "%/éctbm"cg ?S’E?‘Bn° 9 RRRATRFUE ot i on vect or

obt ai ned i&e&aﬁ?%r%'e% ﬁ%§aitn9n&rf§'&£' BAdkedt iRRdaggr ound

noti on conpens n nmeans an calculating a difference vector between the

gener at ed not iPrgvers a's anthlier ana% £din VEE t DIdddbdiltey Rfaratus t he
difference vector is variable | ength coded. The i mage decodi ng appar at us

of the praccomdiny cin izon embpddmhastwi3cobhecthomtesantednantidmt it furt her

a motion FIG. 26 is a diagrammatic view illustrating re-writing

of an image in an object region performed in a coding
apparatus according to an embodiment 14 of the present
invention;
FIG. 27 is a diagrammatic view of a coding apparatus
according to an embodiment 16 of the present invention;
FIG. 28 is a diagrammatic view of a decoding apparatus
according to an embodiment 17 of the present invention;
FIG. 29 is a diagrammatic view of a coding apparatus
according to an embodiment 18 of the present inwvention;
FIG. 30 is a diagrammatic view of a decoding apparatus
according to an embodiment 19 of the present invention;
FIG. 31 is a block diagram of a conventional encoder;
FIG. 32 is a block diagram of a conventional decoder;
and
FIG. 33 is a diagrammatic view showing an example of an

array of pictures.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the following, image coding apparatus and image
decoding apparatus of preferred embodiments of the present
invention will be described with reference to the
accompanying drawings.
Embodiment 1.

FIG. 1 is a block diagram of a coding apparatus for

moving pictures according to an embodiment 1 of the present



.

veéctor adding unit for holding a notion vector decoded in the past and
addi ng the notion vector decoded in the past to a difference vector to
regenerate a notion vector. According to a further aspect of the present
i‘nvention, there is provided an i nage decodi ng apparatus which outputs a
coded bit stream of noving pictures, €dhprising a plurality of frame nenory
groups for storing, individually for a plurality of objects which conpose a

screen, decoded. i mag f_the qbj S in th st I | ecting
ant ©for SETRREIo. o et £ B 4, Fofetfie, el 2 Mineesg 0011
whi ch one, Ofio £4\6n Peotisddda/ti¥n Prade cHERB! WnJE 04 InctidhC Qdpibdriiada dons t0 be
witten, a notion conpensation predicting unit for selecting one of forward
di rect i onppedicting medracK\EH G diramet mamopy esiklodetimg hinditr et i on predi ction
and background prediction in units of an object us reference i nages read

out fromprekEraRnd imacSstaring GeRLFeY m@#ar@%&%@ THOHR- BTEE ded
o e A, Bl S bl GLARERY | P55 RIS el o, 2
current if@&ELok OpBEd Lt Pdre ndd¥, e Hefhir8Acel hdthetdIR) e 34 RMIAIIR dédtef Or
adding the predicted image fromthe

each a selected decoded image, and reference numeral 139

denotes a multiplexed bit stream. Since the other components

are similar to those used in the description of the prior art

shown in FIGS. 31 to 33, they are denoted by same reference

numerals and repetitive description of them is omitted here.

Subsequently, operation will be described.

Basic coding operation is equivalent to motion
compansaﬁing prediction + conversion coding described
hereinabove in connection with the conventional example.
Accordingly, only differences will be described here.

A locally decoded image 108 is inputted to the frame
memory selecting unit 35, by which it is selected into which
one of the first frame memory 9 and the second frame memory
10 it is to be written. Maanwhile, the motion estimating
unit 15 reads out reference images 109 and 110 from the frame
memories 9 and 10 and outputs a determined motion prediction
mode 126 and a motion vector 123 with which the prediction
error of the locally decoded image 108 from the re-arranged
input image data 101 is minimized.

The motion compensation predicting unit 21 reads out the
reference images 109 and 110 and outputs a motion predicted
image 115 based on the determined motion prediction mode 126
and the motion wvector 123.

The bit stream 121 is multiplexed together with the



r<f erence i mages and the prediction error inmage of the current inmage, and a
variable length coding unit for variable |ength coding information.
According to a still further aspect of the present invention, there is
provi ded an i mage decodi ng apparatus whi ch decodes a coded bit stream of
moving pictures, conprising a pluralitygof frame nmenory groups for storing,
-12- individually for a plurality of objects which construct a screen,
decoded i mages of the objects, a frame nmenory selecting unit for sehgcting,

in responﬁ’é‘eﬁéc&i%nf‘?éﬁj L2@rev  thevmiliiplgingeipty 47 E FOBRT t he
ndi vi dust 288 EAe L e Rl PR A decodi ng uni ¢ for variable length
decodi ng the cefgdeBrbgsingald @Y KasT¥ PRraCIBRANSAl tHE ihhdel@bdBmyecting
one of forward direction prediction, backward direction prediction,
bi di rect | apppredust ofnthadetiamdigtenind .pr €& ¢heofiolhowings détainlobpfct
the indiwvidual units will be described.
FIG. 2 shows an internal construction of the motion
estimating unit 15. Referring to FIG. 2, reference numeral
27 denotes a forward direction predicted image generating
unit, 28 a bidirection predicted image generating unit, 29 a
backward direction predicted image generating unit, 30 a
background predicted image generating unit, 31 a prediction
mode determining unit, 127 a forward direction predicted
image, 128 a bidirection predicted image, 129 a backward
direction predicted image, and 130 a background predicted
image.
Subsequently, operation of the motion estimating unit 15
will be described.
Each of the predicted image generating units 27, 28, 29
and 30 generates a predicted image in accordance with a
predetermined prediction mode.
For example, the forward direction predicted image
genaerating unit 27 reads out reference images 109 from the
first frame memory 9 and searches the reference images 109
for an image which has a value nearest to the value of the
input image data 101.
To this end, for example, a block matching method which
is employed also in the conventicnal example described in
connection with the prior art may be used as it is. 1In
particular, matching is performed for all pixels in

macroblocks described above, and an image wherein the sum



ust ng reference i mages read out from frame menories of the plurality of
frame nenory groups to generate a notion conpensated image. The image
cadi ng apparatus or the inage decoding apparatus of the present invention
may be constructed such that the plurality of frane menory groups include

three frame nmenory groups. The inage cpgling apparatus of the present
i nvention may otherw se be constructed such that re-witing of image
contents of a region in which an _aobject which is a subject of coding is

i ncl uded FARRheChl @FEPT (R bIes bd bidaory mipbuws YHlumikh tearahedmges of
e O] echok! UAE 984asie, Sl Hla Ul Qe A L Elan St e d i TVl of

time or in response 10 a conftrol™sig

decodi Ng gep@Eatieg Oini B2 P RAYHLs BY 8BELRBINBY rQLORS HladitRISt T uct ed

such that re-witing of inmage contents of a region in which an object which

is a subj#magefl2ecoding is included in the plurality of frame menory
in the past are stored is

aroups L1 Wt clh 9060 L IRCR Of e SDLEL D Lhe et e Sl
29 performs searching of reference images 110 from the second
frame memory 10 and then performs block matching similarly.
Then, the backward direction predicted image generating unit
29 outputs a backward direction predicted image 129,

The bidirection predicted image generating unit 28
outputs a bidirection predicted image 128 using the two frame
memories 9 and 10. The bidirection predicted image
generating unit 28 generates a forward direction predicted
image and a backward direction predicted image separately
from each other, and generates a bidirection predicted image
based én those images.

For example, a technique wherein an average image of the
forward direction predicted image and the backward direction
predicted image is obtained and determined as a bidirection
predicted image 128 may be used.

Meanwhile, the background predicted image generating
unit 30 reads out a reference image 110 from the second frame
memory and outputs a background predicted image 130 by block
matching.

The prediction mode determining unit 31 inputs predicted
images selected in the predicted images 127, 128,'129 and 130
and selects a prediction mode in which the difference
(prediction error) from the input image 101 is minimized. In
this instance, a prediction mode 126 and a motion vector 123

are outputted from the prediction mode determining unit 31.



-I3- a control signal fromthe outside. The inmge codi ng apparatus of the
present invention nmay otherw se be constructed such that searching ranges
for a notion vector fromreference images fromthe plurality of franme
nenory groups for the individual objects are variable for the individual
obj ects. The inmage codi ng apparatus ofpzghe present invention nmay otherw se
be constructed such that it further conprises differential vector
generation means for_ holding a notion vector in thgﬁgast obt al ned by

referri ngTh® PREGRSTIPRMeIR IAUMAY bp SetermiBesefiry Hdtpstdor the
I ndi vi dual x%%)fgt sign%%g?%g‘}gﬁ% Q)gf%lrf ft‘f‘xree?%%X?St&{?eé@ ately for the

i ndi vi duaP® ecfs, "a erénce vectors are varrable | ength coded.

The i magep@gadiisn arbds Aldfoted RAIREIC o RHENDACKWARY Sifeitidie be
constructed such that it further conprises a notion vector adding unit for

hol di ng dprediédtioni modeeca further valpas? fbrathedbbyiredionalg to i mages
'n the plg;géiézion mode, and a still further value 3 for the
background prediction mode.

It is to be noted that processing operation of the
motion vector 123 generated by and outputted from the
prediction mode determining unit 31 of FIG. 2 is such as
follows.

In particular, when searching of reference images is
performed within a predetermined range and a predicted image
which exhibits a minimum prediction error is obtained by each
of the predicted image generating units, motion vectors
123(a), 123(b), 123(c) and 123(d) are outputted from the
predicted image generating units 27 to 30 together with the
predicted images, respectively. The outputs are all inputted
to the prediction mode determining unit 31, by which one of
the predicted images 127, 128, 129 and 130 which exhibits a
minimum error from the current image 101 is selected. Thus,
the motion wvector (one of the motion wvectors 123(a), 123(b),
123(c) and 123(d)) which provides the minimum value is
finally outputted as a motion vector 123 from the prediction
mode determining unit 31,

FIG. 3 is a block diagram showing an intermal
construction of the motion compensation predicting unit 21.
Referring to FIG. 3, reference numerals 24 and 26 denote each
a selector (switch), and reference numeral 114 denotes a
background predicted image. Subsequently, operation will be
described. In the switch 24, two switches SW1 and SW2 are



of “frame nemory groups for the individual objects for a certain period of
time and adding the nmotion vectors decoded in the past to the decoded
difference vectors to regenerate notion vectors for the individual objects.
BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a block diagram of a coding
apparatus for noving pictures accordingbip an enbodi ment 1 of the present
invention; FIG 2 is a block diagramshow ng an internal construction of a
notion estimating unit of the coding apparatus of the enbpdlnen}_l of the
present i n9BARedner cloged it} @c®rdangebiith thegdebeshined gnatridmt er nal

appar at s BreGHEELABAHRAZE: of the present invention: FIG 4 i a block
O P OF e B o sl e At P UM s
the prediction mode determining unit 31 indicates the
bidirection prediction image mode, the switch SW1l of the
selector 24 selects a node B and the switch SW2 selects
another node C. On the other hand, when the background
prediction mode is selected, the switch SW1 is OFF (provides
no selection) and the switch SW2 selects a further node E.

In the former case, the bidirection motion compensating
unit 12 generates a bidirection predicted image 112 using a
motion vector 123. Simultaneocusly, the output node from the
bidirection motion compensating unit 12 is selected by the
switch 26. Consequently, the bidirection predicted image 112
from the motion compensation predicting unit 21 is outputted
as a determined predicted image 115.

Further, while the embodiment 1 described above is
constructed such that it includes a motion estimating unit
and a motion compensation predicting unit separately from
each other and a prediction mode and a motion vector obtained
by the motion estimating unit are sent to the motion
compensation predicting unit so that a predicted image is
generated by the motion compensation predicting unit, an
equivalent function can be realized even by such a
construction that the two units are replaced by a motion
estimating/compensating unit 39 as seen in FIG. 4.

By the way, in the embodiment 1 described above,
similarly as in the conventional example, coding is performed
in units of a macroblock which is a processing unit for

images.



Fi*GS. 5A to 5C are diagrammatic views illustrating an exanple of the

rel ati onship between patterns of pictures and prediction nodes in the
epbodi ment 1 of the present invention; FIG 6 is a block diagram showi ng a
further construction of the coding apparatus for noving pictures according
to the enbodinent 1 of the present invegsntion; FIG 7 is a block diagram of
a decodi ng apparatus for noving pictures according to an enbodi nent 2 of

the present inyvention; FIG s a bl ock diagram noti,Qn conpensati ng
un 1 of the doMBRMHBL LB patds the FrOCRESHRBLREEAE JPEE2 (T Hiecen
I nventi on; LSy a §E&éi%i Ay cadi r |
pi ctures ggggggF%Sh?% gn e oé?%%nt %Ebéntﬁghgggggﬁ? ?%9@&??%%¥9¥?2? 10 is

a bl ock daggl aghebeatypés OFF gsildtiitiesNdndludifg ahelcpictgrapparmtus in the
enbodi nent 3 of the present invention; FIG 11 is a block diagramof a
nmot i on coppehuzei agduai B picture asw dgvepyadat asdi a Predigin made 3 of the

present invention; .
is restricted by those pictures.

In particular, in an I picture, all macroblocks are
intra coded, and no prediction mode is involved. In a P
picture, only forward direction prediction is involved, and
in a B picture, three prediction modes of forward direction
prediction, backward direction prediction and bidirection
prediction are involved.

In the meantime, according to the present invention, in
addition to the pictures described above, two other picture
types of a PG picture and a PBG picture, which will be
hereinafter described, are involved. In a PG picture, two
prediction modes including forward direction prediction and
background prediction are involved, and in a PBG picture,
four prediction modes of forward direction prediction,
backward direction prediction, bidirection prediction and
background prediction are involved.

FIGS. 5A, 5B and 5C show examples of patterns of coded
pictures. For example, the pattern shown in FIG. 5A is
similar to the conventional example, and similar means to
that of the prior art may be applied. For the pattern shown
in FIG. 5B, two prediction modes including background
prediction from a background image (indicated at "BG" in FIG.
5B) written in the second frame memory 10 and forward
direction prediction from an immediately preceding decoded
picture are involved, and one of the two prediction modes

which provides a smaller prediction error is selected.



FIeS. 12A, 12B and 12C are di agrammatic views illustrating an exanple of
the relationship between picture patterns and prediction nodes in the
enbodi mrent 3 of the present invention; FIG 13 is a bl ock diagramof a
decodi ng apparatus for noving pictures according to an enbodi nent 4 of the
present invention; FIG 14 is a bl ock-giagram of a notion conpensating unit
of the decodi ng apparatus of the enbodi nent 4 of the present invention;

Frame memory | TG, DBSERELOR AR BRTSOETRH HEcbt: PoeaPUEFa RLoREtr I to an
codi ng apeaca oo aaaEhE ebtn HE eiion bebhle) St BeSkuty 20 T0 11 on
FI GS. gl?ﬁﬁaﬁdc&aeeawaﬂd;@grwm teuetarel bestr agj ng, apgodi ng 1t hod of a
notion vector in the enbodi mrent 8 of the
this instance, up to the sixth picture, a background image is
recorded in the second frame memory 10. Thereafter, however,
the ninth picture is first forward direction predicted
referring to the sixth picture.

Then, similarly as in the conventional example, the
seventh and eighth pictures are predicted referring to
decoded pictures of the sixth picture and the ninth picture.

In FIG. 5B, a dotted line extending from the second
picture to the "BG" signifies that, for example, contents of
the decoded image of the second picture are written as a
background image into the second frame memory.

As the writing timing, writing may be performed after
each certain interval of time or in response to a control
signal from the outside. However, the pattern described
above is a mere example, and any other pattern may be
available.

FIG. 5C shows a pattern wherein the first picture is an
I picture, and it can be seen that a coded picture of the I
picture is written as a background image into the second
frame memory.

"~ Then, the prediction modes of macroblocks of all
pictures beginning with the third picture are selected either
to background image prediction or to forward direction
prediction. This is effective where the background image is
stationary, and is very effective with a scene wherein some

person speaks in front of the background image since a

phenomenon called occlusion wherein the background image



prresent invention; FIG 18 is a block di agram show ng anot her construction
of the codi ng apparatus according to the enbodi nent 8 of the present
ipvention; FIG 19 is a block diagram of a decodi ng apparatus according to
an enbodi rent 9 of the present invention; FIG 20 is a bl ock diagram
show ng anot her construction of the degg@di ng apparatus according to the
enbodi nent 9 of the present invention; FIG 21 is a diagranmatic view

illTustrati th | at i hi p_ bet i ct d pobj.ects; FIG 22 i
bl ock di aGPRP oFPES R R b AT BYcar BPRERRRb M iR $RFThd 15 of t he
present i QUEREL ON: mid{he£3 witarf £ Osﬁciggsﬁam Pxﬁa%e decodigig jappar at us

according To an embodrment 11 of fhe présent invention; FIG 24 is a
bl ock di agigtusé @ndols heapdmiadiraneeqr @hadbick@rdnt menige Ayame 15 of

the present invention; FIG 25 is a block diagram of a decodi ng apparatus
written into the second frame in advance before coding
processing is started.

It is to be noted that the pattern of coded pictures may
take any pattern other than those shown in FIGS. 5A, 5B and
5C.

Subsequently, operation of the frame memory selecting
unit 35 shown in FIG. 1 will be described.

In the frame memory selecting unit 35, it is determined
into which one of the first frame memory 9 and the second
frame memory iO the locally decoded image 108 is to be
written. As the determination method, a technique may be
employed wherein, for example, as seen from another
construction of the coding apparatus of the embodiment 1
shown in FIG. 6, a control_signal 140 from the frame
re-arranging unit 1 is received by the frame memory selecting
unit 35 and switching between the first frame memory 9 and
the second frame memory 10 is performed in accordance with
the received control signal 140 by the frame memory selecting
unit 35.

In this instance, since the types of a currently coded
picture and another picture to be coded subsequently are
known, for example, a decoded image is written into the first
frame memory 9 till the "BG" end indicated in FIG. 5B unless
a signal from the outside is received, and since the picture
structure thereafter changes to the structure of P, B, B,
P,..., the frame memory for a subject of writing should be

selected adaptively as in the conventional example.



according to an enbodi nent 13 of the present invention; FIG 26 is a
diagrammatic view illustrating re-witing of an inmage in an object region
performed in a coding apparatus according to an enbodi nent 14 of the
present invention; FIG 27 is a diagranmatic view of a codi ng appar at us
according to an enbodi nent 16 of the ppgsent invention; FIG 28 is a

di agrammatic view of a decodi ng apparatus according to an enbodi nent 17 of

hcoording to at BB At P8Rt n P proteri T eL A BackgeRuRg
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the present invention; FIG 31°is | ock di agram a convent1ona

encoder; Hdaon? firame Hemokydlagr 6t dxaangiady e/HdrORAlsdpeodBangandsFl G 33
is a diagranmatic view show ng an exanple of an array of pictures. DETAILED

DESCRI PTI detectade iiterERRESeE MBI /EMS Han wttid:tenl ladfierga i mage codi ng
appar ot | Pk IS nLH QAR PPEE AR, Yu S Gl ePodi ments of the

For the detection method for a scene change, a technique
conventionally used may be used. For example, a method
wherein, if the number of those of macroblocks in one frame
with which the prediction error is higher than a threshold
value is larger than a certain value, this is regarded as a
scene change.

It is a matter of course that various other techniques
than that described just above are available.

Further, while, in the image coding apparatus of the
present embodiment 1, the first and second frame memories are
provided as storage means to realize a construction for
switching of motion compensation prediction, for
implementation of the hardware, a plurality of frame memories
can be provided at a time by cutting a memory having a
storage capacity for the plurality of frame memories based on
internal addresses.

As described above, with the image coding apparatus of
the present embodiment 1, since a background image is stored
and motion compensating prediction is performed using
background prediction based on the background image, coding
can be performed while keeping a high prediction efficiency
without being influenced by a coding sequence,

It is to be noted that, while storage control of a
background image into the frame memories is described in the

foregoing description, it is a matter of course that the



invention will be described with reference to the acconpanyi ng draw ngs.
Enbodinent 1. FIG 1 is a block diagramof a codi ng apparatus for noving
pi.ctures according to an enbodi nent 1 of the present -17- invention.
Referring to FIG 1, reference nuneral 21 denotes a notion conpensation
predicting unit as notion conpensationsgtedi cting neans, 35 a frame nenory
sel ecting unit as background image storing control neans, and 45 a

mul tiplexing unit. Further, reference nuneral 126 denotes a, determ ned

motion pr KAKITINGh dBagee herenstanifiss|an 1A & 4&n8teredch a
| ect ed ' f . d bit
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stream Since ar to those use t
descripti Qmafethe prior art shown in FIGS. 31 to 33, they are denoted by
sane reference nunerals and repetitive description of themis omtted here.

Subsequent |y, dpepetdtdaulialkl, béndesimadmesl which are successively
updated like a conventional picture array include some image
which is effective for later prediction, this image is
continuously stored independently of storage by the updating
procedure, and here, this image is referred to as background
image.

Embodiment 2.

FIG. 7 is a block diagram of a decoding apparatus for
moving pictures according to an embodiment 2 of the present
invention. Referring to FIG. 7, reference numeral 23 denotes
a motion compensating unit, and 46 a demultiplexing unit.

The other components than those are similar to those employed
in the embodiment 1, and accordingly, repetitive description
of them is omitted here.

Operation will be described subsequently.

The decoding apparatus of the present embodiment 2
corresponds to the coding apparatus described in connection
with the embodiment 1, and a basic processing procedure for
decoding thereof is similar to that of theldecoding apparatus
described in the conventional example described in the prior
art. Thus, description will be given here principally of
differences between them. _

A locally decoded image 108 is inputted to the frame
memory selecting unit 35. The frame memory selecting unit 35
receives the locally decoded image 108, selects a frame
memory of a subject of writing, and transfers a selected

decoded image 134 or 135 to the first frame memory 9 and the



Basi ¢ coding operation is equivalent to notion conpensating prediction +
conversi on codi ng descri bed herei nabove in connection with the conventi onal
exampl e. Accordingly, only differences will be described here. Alocally
decoded image 108 is inputted to the frame nenory selecting unit 35, by
which it is selected into which one gbsthe first frame menory 9 and the
second franme nenory 10 it is to be witten. Meanwhile, the notion
estimating unit 15 reads out_reference inmages 109 and 110 fromthe frane
menor i es S agRJI™8UPEYt $%a det ermined notion prediction mode 126 and a

£5
age. 1061 ront e 1o, ERe et it % AR 20501 hONeLRE Eig e

re-arrange I mage 's mnimzed.

noti On CoERRAsAld o Rhedsebbid £lime Hendddd3oout the reference inages 109
and 110 and outputs a notion predicted i nage 115 based on the determ ned

noti on predi cMeanwinde, 12heandtidre catpensatiaigonni2323Theadstogtream 121 is
mul tipl exed together with the . ,
reference images 109 and 110 from the two frame memories and
generates a predicted image lisiin accordance with a
predetermined motion prediction mode 126 in a similar
procedure to that in local decoding of the coding apparatus.

FIG. 8 is a block diagram showing an internal
construction of the motion compensating unit 23. Referring
to FIG. 8, reference numeral 32 denotes a switch.

Subsequently, operation will be described.

One of the predicted image generating units 27 to 30
which corresponds to a selected prediction mode 126 reads out
reference images 109 or 110 to generate a predicted image.
Further, the switch 32 is switched in response to the
selected prediction mode so that a finally determined
predicted image 115 is outputted.

Embodiment 3.

FIG. 9 is a block diagram of an image coding.apparatus
according to an embodiment 3 of the present invention.
Referring to FIG. 9, reference numeral 33 denotes a motion
compensation predicting unit, 34 a third frame memory, 37 a
frame memory selecting unit, 41 a motion estimating unit, 133
a reference image of the third frame memory, and 136 a
selected locally decoded image. The other components than
those mentioned above are similar to those employed in the
embodiment 1, and accordingly, repetitive description of them
is omitted here.

The image coding apparatus of the present embodiment 3



pr-edi ction node 126 by the nultiplexing unit 45 and forwarded fromthe

mul tiplexing unit 45. The foregoing is the basic operation of the imge
codi ng apparatus of the enbodinent 1. In the follow ng, details of the

i'ndi vidual units will be described. FIG 2 shows an internal construction
of the notion estimating unit 15. Refeging to FIG 2, reference nuneral 27
denotes a forward direction predicted i mage generating unit, 28 a

bi di ti dicted, i [ tin i.t, 29 b d di ti
D e olR RS ERLA TS AT T Moty B0 RBRK B AR o
unit, 31 f,pr&Q4i£1bQNes s Ay Pyt gnUBE! thd 2fmdgd W@k Ai &£ CERON

predicted 1 mage, 128 a bidirection predicted 1 nmage, 129 a backward

di recti onefhedimént 1 nstgswn aird FI¥Q a.background predi cted inage.
Subsequently, operation of the notion estimating unit 15 will be descri bed.

Each of the pra3débsegeentiiie aparationnyiLhi be dgscribedo and 30 generates a
prodi ot e, | g 0 950" HR0E, WOkl 3B SHRL A0 D! BLE 1L OB P
three frame memories 9, 10 and 34 in which c¢oded images in
the past are stored, and motioﬁ.prediction is performed by
the motion estimating unit 41. A motion vector 123 and a
prediction mode 126 obtained by the motion prediction are
inputted to the motion compensation predicting unit 33.

The motion compensation predicting unit 33 selects a
reference image necessary for generation of a predetermined
motion predicted image from among the reference images 109,
110 and 133 based on the determined prediction mode 126, and
outputs the determined predicted image 11S5.

Meanwhile, a locally decoded image 108 is written, after
it is determined by the frame memory selecting unit 37 into
which frame memory the locally decoded image 108 should be
written, as a reference image 134, 135 or 136 into the thus
determined frame memory.

FIG. 10 shows an internal construction of the motion
estimating unit 41. Referring to FIG. 10, reference numeral
42 denotes a prediction mode determining unit.

The motion estimating unit 41 shown in FIG. 10 has a
construction which includes, in addition to the motion
estimating unit 15 shown in FIG. 2, a background predicted
image generating unit 30 for inputting a reference image 133
from the third frame memory.

-The forward direction predicted image generating unit 27

inputs an input image 101 and a reference image 109 of the



géherating unit 27 reads out reference inmages 109 fromthe first frame
menory 9 and searches the reference i mages 109 for an i mage which has a

val ue nearest to the value of the input inmage data 101. To this end, for

exanpl e,

a bl ock matchi ng nmethod which is enployed also in the conventi onal

exanpl e described in connection with the prior art may be used as it

particular, matching is performed for all pixels in macrobl ocks descri bed

ng,an igagé wherein the sum total of error values exhibits a
F TaRe, PRRATY And Rutputssg forvardsdineetion rreedirtesdt edi ct ed

The bakuara | Ter; enc oy ot YA Bt BERatLERE Lied i alrad > "

above, a
m ni num v

5at

The backward direcfion predicte
sear chi ngunitre8einpees i theesnpuld ihagd 10e, SERNtef4Aled B g M gind then

perfornms bl ock matching simlarly. Then, t he backward direction predi cted

iS.

In

i mage genefathagfimst Pfameitmancrya abdckvwaefedenestimagere afdiamge 129.

second frame memory and outputs a bidirection predicted image
128,

The backward direction predicted image generating unit
29 inputs the input image 101 and the reference image 110 of
the second frame memory and ocutputs a backward direction
predicted image 129, and the background predicted image
generating unit 30 inputs the input image 101 and a reference
image 133 of the third frame memory and ocutputs a background
predicted image 130,

The prediction mode determining unit 42 calculates
absolute value differenﬁes between predicted images 27, 28,
29 and 30 mentioned above and input the image 101, determines
a prediction mode which exhibits a minimum one of the
absolute value differences, and outputs the determined
prediction mode as a prediction mode 126. Simul taneously,
the prediction mode determining unit 42 outputs a motion
vector 123.

FIG. 11 is a block diagram of an internal construction
of the motion compensation predicting unit 33. Referring to
FIG. 11, a switch 25 is opened or closed in response to the
prediction mode 126 so that the reference image 109 or 110 is
inputted to a selected one of the motion compensating units.
For example, when the forward direction prediction mode is
selected, a switch SW1 is switched to a node A while another
SW2 is switched off. However, when the bidirection

prediction mode is selected, the switch SW1l is switched to



The bidirection predicted i mage generating unit 28 outputs a bidirection
predicted i mage 128 using the two frane nenories 9 and 10. The bidirection
pr.edi cted i mage generating unit 28 generates a forward direction predicted
i mage and a backward direction predicted i nage separately from each other,
and generates a bidirection predicted_égage based on those inmages. For
exanpl e, a techni que wherein an average 1 nmage of the forward direction
predi cted i mage and the backward direction predicted i mage i s obtained and
det er m nednatharbnddecBt wbiler et cdwickdhaW2 138swhycheduseda featinénr| e, the
background predicted i mage generating unit 30 reads out a reference inmage
110 from BPAE®sEeond franme menory and outputs a background predicted i mage

130 by bl ock nghghi pg, g%&ﬁé?@%&%rge&%%ggnfe‘ﬁég‘l%“1:%t ) PULS o and

predicted i mages selected | _ _ g 128;
sel ects arpredbfbboimdBeC138 W GipdthadlidhibREeNGCak B! FEELELSD €51 0r) from
the input inage 101 is mnimzed. In this instance, a prediction node 126

and a not Eubsequently23iartheudyiltde @6, r aivet beipekds CSWDnambds2iedss m ni ng
uni t 31. switched to nodes correspondiqg to the pre@iction mode 1286,

and a predicted image 115 determined finally is outputted

from the switch 26.

Further, while, in the present embodiment 3, the first,
second and third frame memories are provided to realize a
construction for switching of motion compensating prediction,
for implementation of the hardware, a plurality of frame
memories can be provided at a time by cutting a memory having
a storage capacity for the plurality of frame memories based
on internal addresses.

FIGS. 12A, 12B and 12C are diagrammatic views
illustratipg re-writing operation of the frame memories in
the present embodiment 3, ﬁﬁ& in thelfollowing, the
re-writing operation will be described including a
relationship to the operation of the frame memory selecting
unit 37 described hereinabove with reference to FIGS. 6A, 6B
and 6cC.

FIGS. 12A, 12B and 12C show three different patterns.

In FIG. 12A, PG pictures of background prediction and forward
direction prediction appear beginning with the sixth picture,
and the construction continues up to the ninth picture.
Thereafter, the structure of IBBP is restored beginning with
the 10th picture.

In FIG. 12B, switching among all prediction modes of

forward direction prediction, backward direction prediction,



-20- The prediction node 126 may be deternined such that, for exanple, it
has a value 0 for the forward direction prediction node, another value 1
far the backward direction prediction node, a further value 2 for the
bidirectional prediction node, and a still further value 3 for the
background prediction node. It is to g;ipoted t hat processing operation of
the notion vector 123 generated by and outputted fromthe prediction node
determining unit 31 of FIG 2 is such as follows. In particular, when

sear chi ngbddirettiencpréedigfuion aancebackgedundt predicraniciemisaidleange and

eagaeg:‘ ctﬁgdbrmg?e ¥\,h| ch exhl%arerfgﬁrpﬁgllzﬁg.ggredl cti orh/gﬁrlg!_g S obt at ned by
) e T S A S e feer
out puts aregBébti npwit€er, also in this instance, while writing as a

background image into the third frame memory is enabled at

any time, in the example of FIG. 12B, writing into the third

frame memory for a background image is performed from the

fifth and tenth pictures.

In FIG. 12C, PG pictures of background prediction and
forward direction prediction appear with the third, sixth,
ninth and twelfth pictures.

In those operations, since it is already known of which
picture type a currently decoded picture is, a frame memory
into which the locally decoded image 108 is to be written is
detarmined by itself in accordance with the picture type by
the frame memory selecting unit 37. In particular, where the
pattern has the structure of IBBP, for the i'picture, the
locally decoded image 108 is written into the first frame
memory, but, for the P picture, the locally decoded image 108
is written into the second frame memory. For the B pictures,
the locally decoded image 108 is written into none of the
frame memories.

It is to be noted that, as described already, a certain
decoded image is written as a background image also into the
third frame after a certain interval of time or in response
to a control signal from the outside.

Embodiment 4.

FIG. 13 is a block diagram of a decoding apparatus for

moving pictures according to an embodiment 4 of the present

invention. The decoding apparatus corresponds to the coding



to-the prediction node determining unit 31, by which one of the predicted

I mges 127, 128, 129 and 130 which exhibits a mnimumerror fromthe
current image 101 is selected. Thus, the notion vector (one of the notion
vectors 123(a), 123(b), 123(c) and 123(d)) which provides the m ni mum val ue
is finally outputted as a notion vectog§2123 fromthe prediction node
determning unit 31. FIG 3 is a block diagram show ng an internal
construction of the potion conpensation predicting unit 21. Referring to

FIG 3, raPRiERtes fethe sembodiments gshore dacRIg: st ecReferziRg g, and
bperat i onF it Tipe FeLerSid, Webaiic s, AAA0eBH S, R lon e S0 e o
-21- opengfi@l COPSEKle | HREE VskpirRnWist RhhRe tAgt o) ik o afe®iduy predi ction

node 126. For exanple, when the prediction node 126 outputted fromthe
pr edi ct i obho®elecopenen s menotidd By ithdi samesréfierence numerals to

those used in the embodiments 1 to 3 are similar elements,
and accordingly, repetitive description of them is omitted
here.

Subsequently, operation will be described.

The motion compensating unit 36 performs motion
compensation referring to reference images 109, 110 and 133
read out from the first frame memory 9, the second frame
memory 10 and the third frame memory 11 and ocutputs a
predicted image 115.

Decoded images are re-arranged by the displayed frame
re-arranging unit 38 again such that they appear in order of
time for displaying, and an output image 137 is obtained as a
result of the re-arrangement.

FIG. 14 is a block diagram showing an internal
construction of the motion compensating unit 36. Referring
to FIG. 14, one of predicted images generated by the
individual predicted image generating units is selected in
response to a prediction mode 126 by the switch 32. Then,
the selected predicted image 115 is outputted to the adding
unit 8.

The fourth embodiment presents similar effects to those
of the imaging coding apparatus of the embodiment 3.
Embodiment S.

While the image decoding apparatus of the embodiment 4
described above performs re-writing to a background image

illustrated in FIGS. 5B and 5C in units of a picture, it is
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bi-di r ecti on prediction i mage node, the swtch SW of the selector 24
selects a node B and the switch SW sel ects another node C. On the other
hand, when the background prediction node is selected, the switch SW is
OFF (provides no selection) and the switch SW2 selects a further node E. In
the fornmer case, the bidirection nDtL%%_ponpensating unit 12 generates a
bidirection predicted image 112 using~& notion vector 123. Sinultaneously,
t he out put node fromthe bidirection notion conpensating unit 12 is

sel ect ed symationsyipasdsilie Conpeglent| prediwtizindiafdidientdedifct ed i nage
112 fromthe notion ¢ nsation predictin nit 21 is qutputted as a

det er ni neFPFEA P i zppad EURGRctS Qﬁﬁ'qu%ml I 8dife X # descri bed
above is gonstiuched such that it includes a notion estimating unit and a
notion conpensation predicting unit separately fromeach other and a

predi ction nodes atttk acaBMniiefiey €6k0re ot Btiteyl thy 3 MR dXarioundedmagati ng unit
are sent to the notion conpensation predicting unit so that a predicted
i mage is fpmeranpldy 3 hechiique vbepehs atpdatingedisc Perfogmed, afier
equi val ent, funotien. can be nediized eyep by SUARASolebukion Lhat the
another technique wherein, when all pixels in a macroblock at
a certain position are not referred to for prediction for
more than a certain period of time, a control signal is
generated to re-write only the macroblock in a background
image with a decoded image may be used.

FIG. 15 illustrates this. Referring to FIG. 15, at a
timing for writing from the second picture of FIG. 5B into
the background image "BG", only a macroblock in a region of
slanted lines in FIG. 15 is written as it is into the second
frame memory and is used as part of a reference image for
direction ¢f the third picture.

Similarly, also where the image coding apparatus of the
embodiment 5 described above includes three frame memories,
re-writing into a background image shown in FIGS. 12B and 12C
is performed in units of a macroblock. As the technique for
re-writing, the same operation as described above may be
performed.

As described above, since re-writing of contents of an
image in each frame memory is performed in units of a
macroblock after each certain interwval of time or in response
to a control signal from the outside, the contents of the
image in the frame memory can always be kept, at a finer
level, to contents from which a high prediction efficiency

for background prediction can be obtained.



esti mati ng/ conpensating unit 39 as seen in FIG 4. By the way, in the
enbodi ment 1 described above, simlarly as in the conventional exanple,
coding is performed in units of a macroblock which is a processing unit for
I mages. -22- Meanwhile, in the processing of the MPEG of the
conventional exanple described in conngqtion with the prior art, t hree
types of pictures including an | picture, a P picture and a B picture are

i nvol ved, d rediction node is restricted by those pictures. In
particulaé%%94iﬁ%4%;ﬁanure, all macrobl ocks are intra coded, and no

o1 odi oLl on 115 (el vy AR (RBediig PRy Uk ok e BB 58 o
1"0 (r)(ravv:a(r:dl glr}zi;:tz.:ngl\f/goq)\r:gdimgi appabatkuauKl ¢t railieiespredeat feamand bi direction
prediction are involved. In the neantinme, according to the present
i nventi onmempries described above in connection with the image coding
| apparatus of the embodiment 5 can perform re-writing to the
background imége in units of a macroblock.
For example, in an image decoding apparatus shown in
FIG. 7, after a decoded image 108 is selected by the frame
memory selecting unit 35, a macroblock of the background
image at the same position as that of the macroblock
mentioned above is re-written to a selected decoded image
135. It is to be noted that the updating in units of a
macroblock may be performed after a certain interval of time
or in response to a control signal from the outside.
Similarly, also in the decoding apparatus shown in FIG.
13, re-writing to a background image illustrated in FIGS. 12B
and 12C is performed in units of a macroblock. As the
technique for re-writing, the same operation as described
above may be performed.
Embodiment 7.
It is also effective to vary the motion searching range
upon background prediction by the motion estimating unit 18
of the image coding apparatus of the embodiment 1 shown in
FIG. 1 or the motion compensation predicting unit 33 shown in
FIG. 3 to the searching range of forward direction prediction
or backward direction prediction.
To this end, it is advisable to set, making use of the
fact that, for example, background prediction acts

effectively when the motion vector from the background is 0,

the searching range to a smaller range than that for any



addition to the pictures described above, two other picture types of a PG
pi cture and a PBG picture, which will be hereinafter described, are
ipvolved. In a PG picture, two prediction nodes including forward direction
predi cti on and background prediction are involved, and in a PBG picture,
four prediction nodes of forward direg;;pn prediction, backward direction

prediction, bidirection prediction and background prediction are invol ved.

FI GS. 5A, 5B and 5C show exanpl es of patterns of coded pictures. For
exanpl e, athemppredictiiomwn in FIG 5A is simlar to the conventi onal

exanple, and simlar neans to that of the_prior art may be applied. For the
pattern shown Thf AR89 eoding pPRaFREM3 Phvda RRRISRH %E\jp&&d

bredi ct| Al SIMR A BACKEA IS TBEPLL T CALAL e ' RGrchidoll GimaBlgwri tten
in the secon rame nenory 8 an ?ormard ITection predi Ction from an
i medi at etedydat etHd EHIRC0dq AR ebdes ah€ainvdIpiedariatlengepgthhe two

predi ction nodes which provides a smaller prediction error is selected.
coding of motion vectors can be set comparatively short, the
coding information amount of motion vectors can be reduced.
Embodiment 8.

-FIG. 16 is a block diagram of an image coding apparatus
according to an embodiment 8 of the present invention.
Referring to FIG. 16, reference numeral 47 denotes a
differential'vector generating unit, and 141 a difference
vector. Of the other components than those mentioned above,
those components denoted by the same reference numerals to
those used in the embodiment 1 are similar elements, and
accordingly, repetitive description of them is omitted here.

The differential vector generating unit 47 calculates a
difference vector 141 between a current motion vector 123 and
a reference vector. Then, the difference vector 141 is
variable length coded by the variable length coding unit 17,

FIGS. 17A and 17B illustrates a coding method for a
motion wvector, and particularly, FIG. 17A shows a reference
motion wvector for the first frame memory 9 and FIG. 17B shows
a reference motion vector for the second frame memory 10.

Operation will be described subsequently.

Referring to FIGS. 17A and 17B, each rectangular frame
denotes one macroblock. It is known that, for a motion
vector MV (1) of a current macroblock obtained by reading out
a reference image in the first frame memory and performing

motion compensating prediction of the reference image, it is

effective to actually variable length code, using three



-23- This operation is performed up to the sixth picture, and then
beginning with the seventh picture, the picture structure changes to the
structure of P, B, B, P, ... In this instance, up to the sixth picture, a
background imge is recorded in the second frame nenory 10. Thereafter,
however, the ninth picture is first foggard direction predicted referring
to the sixth picture. Then, simlarly as in the conventional exanple, the
seventh and eighth pictures are predicted referring to decoded pictures of

the sixt hMGECHr ¥egHaTENMVAI R h ¥V2 {1 &nd ¥VR(E) 5B, adresdyeaodedeand

ext endi ng 4.1 h Lciure to the "BG_ signifies that, for exanple,
contents O c%ﬁgbdggggégfgﬁgﬁeg%fcﬁﬁé}%ékﬁnxfﬁﬁqfﬁurslgggrﬁPF?tgﬁfﬁﬁsa
backgroundfi ragembiient ¥8cE68 A (1Y FRmRHYMY,. AS the witing timng,
witing may be perforned after each certain interval of time or in response

to a control sFgrakxamphet hif oit sislecridalvecuset Aempdihrr 8£delgri bed above

is a mere exanpl e, and agg othe&@gfttern may be available.‘FIG. 5C shows a
pattern WREEEPR VRELPFAMVhH(EL u3 €llagnd MV3 (1) as a candidate

vector, then the difference vector PMV(1l) can be represented
by the following expression:

PMV(1) = MV(1) .- median (MV1(1), MV2(1l), MV3(1)) where
"median" is an operator for calculation of a median.

Similarly, for the second frame memory,

PMV(2) = MV(2) - median (MV1(2), MV2(2), MV3(2})

FIG. 18 is a block diagram of an image coding apparatus

~which includes a differential vector generating unit 47 in
addition to the construction of the iﬁage coding apparatus
shown in FIG. 9. “

For calculation of a difference vector, in addition to
the operation described above, a reference motion vector
PMV(3) for the third frame memory may be calculated and
variable length coded.

- The infozmation-éeneration aﬁouht'of motion vectors can
be supplied in such a manner as described above.
Embodiment 9.

FIGS. 19 and 20 are block diagrams of deceding apparatus
which correspond to the coding apparatus of the embodiment 8
described hereinabove with reference to FIGS. 16 and 18 in
which a difference vector is used, respectively. Referring
to FIGS. 19 and 20, reference numeral 48 denotes a motion
vector adding unit. The other components are similar to
those of the'decéding apparatus of the embodiment 2 shown in

FIG. 7, and accordingly, repetitive description of them is



| picture, and it can be seen that a coded picture of the | picture is
witten as a background imge into the second franme nenory. Then, the
pr.edi cti on nodes of nacrobl ocks of all pictures beginning with the third
picture are selected either to background i mage prediction or to forward
direction prediction. This is effectiyg;where the background inage is
stationary, and is very effective with a scene wherein sone person speaks
in front of the background inmage since a phenonenon called occl usion
wherei n t RRigseRgh8ERd i nage -24- cones into and out of sight by a

T tAL WS-SR TR AR R Y
(o e o SSPFRSF AR AR ARG aph QBB P Oe lprae (T
t han t hosdeshtinderc8ifs. uhit ZB ianddded to a reference vector by the
variable length decoding unit 22 to calculate a motion vector
123.

The processing following it is the same as the operation
of the decoding apparatus of the embodiment 2 shown in FIG.
7, and therefore, repetitive description of it is omitted
here. '

Embodiment 16.

While;jin the coding apparatus of FIG. 1, an entire
screen in a picture is used as a subject of coding, the image
coding apparatus of the present embodiment 10 is constructed
such that the picture type for coding is wvariable in units of
one of a plurality of subject images (objects) which
construct the screen.

Referring to FIG. 21, for example, if a screen is
composed of an object 1 (fish), an object 2 (water:
background picture) and an object 3 (ball) and boundaries
among them are known, then those cobjects can be coded using
different techniques from one another.

In the image coding apparatus of the present embodiment
10, such coding techniques are realized by using different
picture types from one another. For example, since the
object 1 exhibits a comparatively large amount of motion, the
construction of picture types of FIG. 5A is used for the
object 1 taking it into consideration that bidirection
-prediction is higher in prediction efficiency than background

prediction.



5C: Subsequently, operation of the frane nenory selecting unit 35 shown in
FIG 1 will be described. In the frane nenory selecting unit 35, it is
determ ned into which one of the first frame nenmory 9 and the second frane
menory 10 the locally decoded inage 108 is to be witten. As the

determ nation nethod, a technique may_$g4 enpl oyed wherein, for exanple, as
seen from anot her construction of the coding apparatus of the enbodi nent 1

shown in FIG 6, agcontrol signal 140 fromthe frame rearranging unit 1 is
recei ved by t h8hf FafeCHhamn Mandy| éé-PicﬁgtBﬁl PbQSc’én%i %‘W‘ﬂ“&h’r‘ﬁﬁ%é’f t he

first fra y ec fra nory rned, in

accor dancg%lmg? h]éj??g{:]éejl J‘%O?:’dn'?' gggggi‘ﬂ) ‘ﬁ% t%’i"?;?ﬁg FHhh y

sel ect i ngpHedieBbon | foi hits, i M&@Qn igncehahéoﬁé’@ﬁk@fo@ SIrFRN! I coded
pi cture and another picture to be coge subsequently are known, for

exanpl e, shewetdded usede iHoweviert,edfi sucht Aevariatidn attmtrrartarqer& till the
"BG' end inhdicated in, FIG 5B unless a si fromthe outside is received,

nal
and si nceStFRIPT TR ﬁﬁ%?ﬂ?%“?ﬁéréaF?Egaé%dﬁﬂ%%ttRF?¢RP%dﬁﬂ%ﬁbﬁ@eof P,

B, B, construction which includes B pictures beginning with the
midst picture as seen in FIG. 5B should be employed.

FIG. 22 is a block diagram showing a concrete example of
the image coding apparatus provided by the present embodiment
10. Referring to FIG. 22, reference numeral 42 denotes an
object distinguishing unit, 43 a first frame memory group, 44;
2 second frame memory group, and 138 an pbjéct identificationﬁ
signal.

Operation will be described subsequently.

An input image 100 includes identification signals
applied to individual objects in advance, and the
identification signals are identified by the object
distinguishing unit 42. The number of each of the thus
identified objects is outputted as an cbject identification
signal 138 from the object distinguishing unit 42.

The motion estimating unit 15 selects, from among the
first frame memory group 43 and the second frame memory group
44, a frame memory which corresponds to the object of the
subject‘of coding in accordance with the object
identification signal 138, reads out a reference image from
the selected frame memory and performs motion prediction.

Meanwhile, the motion compensation predicting unit 21
selects a frame memory corresponding to a predetermined
object in accordance with a motion prediction mode 126

determined by the motion estimating unit 15 and generates a



P*.., the frame menory for a subject of witing should be sel ected
adaptively as in the conventional exanple. -25- Further, as seen in FIG
5B, as witing of a background inage from a decoded picture at a certain
position into the second franme nenory 10, for exanple, when a scene change

Is detected, the decoded i mage nay be.ygitten after a predeterm ned
interval of time since then. For the detection nethod for a scene change, a

techni que conventionally used nay be used. For exanple, a nmethod wherein,
i f the nURERAISFed 9IS i1dPrcr obl ocks in one frame with which the

DErOR o8 e IR it SATEERRG! defaHy gLl eLr g oL
vari ous Okbpted of hiéanibst tihaiyd Hab dREST bREUok UShe BPOMES HeBndtbdd gﬂ* e.
Further, while, in the inage codi ng apparatus of the present enbodi nent 1,
the firsta apredetermitedmmeefothesfgame memory groups which
corresponds to a predetermined object in accordance with the
object identification signal 138.

Further, the object identification signal 138 is
multiplexed together with other coding information by the
multiplexing unit 45 and sent ocut as a multipleked bit stream
139 to an external apparatus (not shown).

While, in the image coding apparatus of the present
embodiment 10, the first and sécond memory groups are
provided to realize the construction for switching of motion
compensating prediction, for implementation of the hardware,
a2 plurality of frame memories can be provided at a time by
cutting a memory having a storage capacity for the plurality
of frame memories based on internal addresses. As described
above, with the image coding apparatus of the present
embodiment 10, since a prediction structure which conforms
with motion of an object can be taken, the overall prediction
efficiency is improved.

Embodiment 11.

A block diagram of an image decoding apparatus which
corresponds to the image coding apparatus of the embodiment
10 shown in FIG. 22 is shown in FIG. 23. Referring to FIG.
23, reference numeral 46 denotes a demultipléxing unit. The
other components are similar to those of the image decoding
apparatus of, for example, the embodiment 4 shown in FIG. 13,
and accordingly, repetitive description of them is omitted

here.



pr-ovi ded as storage nmeans to realize a construction for switching of notion
conpensation prediction, for inplenentation of the hardware, a plurality of
franme nenories can be provided at a tine by cutting a nmenory having a
storage capacity for the plurality of franme nenories based on interna
addresses. As described above, with tbggimage coding apparatus of the
present enbodi nent 1, since a background inmage is stored and notion

conpensating prediction is_performed using background prediction based on
t he backgr oundOPREBELIORoHI kY RarfercTibec shPge@RPIELXeepi ng a hi gh

prediction effgﬁig%%¥ngéhggta@q§%ﬁ¥#gﬁkgﬁﬂéggggébs%8%g$£glsﬁﬂyence. It is

to be noted that e Storage T . round inage into the
frame nmemaehestiplrdesar bPeehs Hdiiel €iY1R68QnaJudescLE Pt £0E métids @ matter of

course that the -26- background image here signifies an inmage which is

stored corpmpepgstingnunibe?3 meads gt p cefegancet hoage| frem gingy et
frame memories of a predetermined frame memory group which
corresponds to a predetermined object, and performs motion
compensation corresponding to a prediction mode to generate a
predicted image 115.

In the meantime, the frame memory selecting unit 35
writes a decoded image 108 into one of the frame memories of
a predetermined frame memory group which corresponds to a
predetermined 6bject in accordance with the object
identification signal 138. The other processing is similar
to that of the image decoding apparatus of the embodiment 4
shown in FIG. 13, and accordingly, repetitive description of
it is omitted here.

Embodiment 12,

FIG. 24 is a block diagram of an image coding apparatus
which includes a further frame memory group in addition to
the construction of the embodiment 10 described hereinabove
with reference to FIG. 22 such that it may include totaling
three frame memory groups. Referring to FIG. 24, reference
numeral 49 denotes a third frame memory group. The other
components are similar to those of the image coding apparatus
of the embodiment 10 shown in FIG. 22, and accordingly,
repetitive description of them is omitted here.

Subsequently, operation will be described.

An input image 100 includes identification signals
applied to individual objects in advance, and the

identification signals are identified by the object



iﬁage. In particular, since imges which are successively updated |ike a
conventional picture array include sone inmage which is effective for |later
pr.edi ction, this imge is continuously stored independently of storage by
t he updating procedure, and here, this inmage is referred to as background
i mge. Enbodinment 2. FIG 7 is a blocksdiagram of a decoding apparatus for
novi ng pictures according to an enbodi nent 2 of the present invention.

FI ref erence nuneral 23 denotes a notion conpensating

Referring to FIG 7, . ,
unit, and H@tnahshing 8REEGA2ni tThernumher ofc eagbneft shehshushose are

im | t . | in.th di t 1, d di ngl titi
descr pti oS EIs  Bigtes b Rafria AR o oB3petodant it dagt R 11V

subsequentdﬂgnalhqaf%ecf%hanﬂhapasjé’é@%i%i%@é%&xﬁﬁanhn%bﬂéi.me“t 2

corresponds to the codi ng apparatus descri I n"connection with the
enbodi nent 1, &k molfdonceptimasing qurpirtodsd wed ebas , deeonli agohfetref is
simlar tq that of the decoding aQParatus described in the conventi onal
exanpl e dadGsth £Fame fRECFY| gFoup 43, the second frame memory group 44

and the third frame memory group 49, a frame memory which
corresponds to the object of the subject of coding in
accordance with the object identification signal 138, reads
out a reference image from the selected frame memory and
performs motion prediction.

Meanwhile, the motion compensation predicting unit 21
selects a frame memory corresponding to a predetermined
object in accordance with a motion prediction mode 126
determined by the motion estimating unit 15 and generates a
predicted image 115.

On the other hand, the frame memory selecting unit 35
writes a decoded image 108 into one of the frame memories of
a predetermined one of the frame memory groups which
corresponds to a pgedetermined object in accordance with the
object identification signal 138, Further, the object
identification signal 138 is multiplexed together with other
coding information by the multiplexing unit 45 and sent out
as a multiplexed bit stream 139,

While, in the image coding apparatus of the present
embodiment 12, the first, second and third memory groups are
provided to realize the construction for switching of motion
compensating prediction, for implementation of the hardware,
a plurality of frame memories can be provided at a time by
cutting a memory having a storage capacity for the plurality

of frame memories based on internal addresses.



art. Thus, description will be given here principally of differences
between them A locally decoded inmage 108 is inputted to the frane nenory
selecting unit 35. The frame nmenory selecting unit 35 receives the locally
decoded i mage 108, selects a frane nenory of a subject of witing, and
transfers a sel ected decoded i mage 1342r 135 to the first frane nenory 9
and the -27- second franme nenory 10. Then, the decoded image is witten

into the $irs£.fr nguﬁfnnry 9 or the second frame nenory 10. Meanwhile, the

notion ¢ ?ﬁk} it 23 reads out reference imges 109 and 110 fromthe

two frame nme [ ‘ | C | e | ccordance wth a
oL O A0 LIGEARLALES o PheghChEloh{MOSHd 2

predeterm ned notion predl ction nodée procedure to that in

| ocal deceskrgspindiity aaslivhe dRBgeabd8ing! sppdrd tud d¥ Ae End@BMesOW NQ
an internal construction of the notion conpensating unit 23. Referring

12 shown in FIG. 24 is shown in FIG. 25. Referring to FIG.

25, reference numeral 49 denctes a third frame memory group.

The other components are similar to those of the image

decoding apparatus of, for example, the embodiment 11 shown

in FIG. 23, and accordingly, repetitive description of them

is omitted here.

Operation will be described subsequently.

In response to an object identification signal 138
demultiplexed by the demultiplexing unit 46, the motion
compensating unit 23 reads out a reference image from one of
frame memories of a predetermined frame memory group which
corresponds to a predetermined object, and performs motion
compensation corresponding to a prediction mode to generate a
predicted image 115.

In the meantime, the frame memory selecting unit 35
writes a decoded image 108 into one of the frame memories of
a predetermined frame memory group which corresponds to a
predetermined object in accordance with the object
identification signal 138,

The other processing is similar to that of the image
decoding apparatus of the embodiment 11 shown in FIG. 23, and
accordingly, repetitive description of it is omitted here.
Embodiment 14.

The image coding apparatus of the embodiment 12 shown in
FIG. 24 may be modified such that re-writing of image
contents of a region, in which an object of a subject of

coding is included, of a frame memory corresponding to the



te FIG 8, reference numeral 32 denotes a switch. Subsequently, operation
w Il be described. One of the predicted i mage generating units 27 to 30
whi ch corresponds to a selected prediction node 126 reads out reference
i mages 109 or 110 to generate a predicted image. Further, the switch 32 is
switched in response to the selected pggdiction node so that a finally
determ ned predicted image 115 is outputted. Enbodinent 3. FIG 9 is a

bl ock di agram of ~an_jmage codi ng appar atus accordjn o an enpodi nent 3 of
the preseRPIPRYehBi Ehe g@F%? i%%“Fb“FFGFYQ}“rghéFEngeéﬁﬁW@?SP%E??ka tes a
notion co nSAak| edictl | t sthi E@g@ %ggg£ a franme
menory segggt ?ggbggl ?B g&gaﬁér]r%??%ln ’&S%?&‘:%%ngggﬁ%’t, 33 a rg?%%gnce | mage

of the thiegthiaMEn#BEVAY. ofNEinda3® A 19 lreebetsbota! hycoeepsiedsigrage. The
ot her conponents than those nentioned above are simlar to those enpl oyed

in the enffodmnthe outakhdeaccordingly, repetitive description of themis

omtted here. Log |589¢scQh 0 A0RAAINS: 2 10FREESEN o oabod! "B 3
example, with a decoded image of all macroblocks including a
region occupied by a certain object, image contents in a
macroblock or macroblocks at the same position of a frame
memory in the second frame memory group which corresponds to
the object are re-written. Accordingly, in the case of FIG.
26, contents of totaling four macroblocks in two vertical
columns and two horizontal rows are updated.

Further, where re-writing of image contents of a region,
in which an object of a subject of coding is included, of a
frame memory corresponding to the object in the third frame
memory in which a decoded image of the object in the past is
stored is performed after each certain interval of time or in
response to a control ;}gnal from the outside, the writing
operation into a fraQE memory in the second frame memory
group in the foregoing description should be applied to the
writing operation into a frame memory in the third frame
memory group.

Also with a decoding apparatus which corresponds to the
image coding apparatus of the embodiment 12 shown in FIG. 24
as described above, :a-writing of image'contents of a region,
in which an object is included, of a frame memory
corresponding to the object in the second frame memory group
in which a decoded image of the object in the past is stored
can be controllably performed after a certain interval of

time or in response to a control signal from the outside.



-28- is characterized in that it includes the third frame menory in
addition to the construction of the i mage encoder of the enbodi nent 1 shown
in FIG 1. Subsequently, operation will be described. Reference imges 109,
110 and 133 are read out fromthe three frame nenories 9, 10 and 34 in

whi ch coded inmages in the past are stofed, and notion prediction is
performed by the notion estimating unit 41. A notion vector 123 and a

prediction e 126 obtained by the notion prediction are inputted to the
not i on coﬁﬁgggé??ﬁﬁ b?edicting unit 33. The notion conpensation predicting

unit, 33 sel ecting, LEL6L 2008 dITaURAISR03°0EY h8T ASURALION Olarfbun 4o

predeterm ned nofion pre rom arong erence 1 mages 109,

110 and 183gbaggdeh bd andlbl@idd %%@hp%SQECEEQBcHPﬁf dlfge A¥E WEWYS the
determ ned predicted i mage 115. Meanwhile, a locally decoded image 108 is

witten, wécboriseaxchimerfnmed deferkackr amegacfivony =ofmoid memory &7 into
whi ch fragge EPQX %ﬁﬁhé‘%ﬁﬂé %%%3gegh§g§g§o%£§25g§§!(iéxin object
and another reference image from another frame memory of the
second frame memory group which corresponds to another object
are varied for the individual objects.

For example, in the image coding apparatus of the
embodiment 10 shown in FIG. 22, if a background which
exhibits a comparatively small amount of motion as an object
is stored in advance in a frame memory of the second frame
memory group which corresponds to the object whereas an
operation of successively writing a decoded image of another
object which exhibits a comparatively large amount of motion
at any time into another frame memory of the first frame
memory group which corresponds to the cbject is performed,
then a high prediction efficiency can be maintained for both
of the objects.

Further, the image coding apparatus of the embodiment 12
shown in FIG. 24 may be modified such that searching ranges
of motion vector searching for a reference image from s from
memory of the first frame memory group which corresponds to
an object, another reference image from another frame memory
of the second frame memory group which corresponds to another
object and a further reference image from a further frame
memory of the third frame memory group which corresponds to a
further object are varied for the individual objects.

For example, in the image coding apparatus of the

embodiment 12 shown in FIG. 24, if a background which



witten, as a reference | mage 134, 135 or 136 into the thus determ ned
frame nmenory. FIG 10 shows an internal construction of the notion
estimating unit 41. Referring to FIG 10, reference nuneral 42 denotes a
prediction node determ ning unit. The notion estimating unit 41 shown in
FIG 10 has a construction which inclagdss, in addition to the notion
estimating unit 15 shown in FIG 2, a background pLediﬁteg ;nage generati ng
unit 30 for, Jd tting a referepce i e 133 fromthe thir rane, menory.
The forweb A GPobeER e EaY, FRALL GEARREE| 0 TRIHODAS AREBIATS npui

| mage 10k ANk rdcPliel YUANIRIR 108rthe ! Rinory SF tild 'tilidd mory and
outputs a forward direction predicted | mage 7, and the bidirection

predi ct edndmmne @engy athiirt dorredBohd®Uts the drHubt ivmd@akdhn the
reference image 109 of the first frane nenory and a reference i mage 110 of
t he secorRPSFRFHCHQf SRR sdvepyt ¥ritbhdi 2 ededadedrisdias of iarsgdher

object which exhibits a comparatively large amount of motion

at any time into another frame memory of the first frame
memory group or the second frame memory group which
corresponds to the object is perforﬁed, then a high
prediction efficiency can be maintained for all of the three
objects.

As described above, since searching ranges for a motion
vector are set separately from each other for a plurality of
frame memory groups referred to by cbjects. for example, for
an object which exhibits a comparatively small amount of
motion, the information generation amount of motion vectors
can be reduced by making the searching range for a motion
vector narrow.

Embodiment 16.

FIG. 27 ig a block diagram showing an image coding
apparatus according to an embodiment 16 of the present
invention. Referring to FIG. 27, reference 47 denotes a
differential vector generating unit. The differential vector
generating unit 47 holds motion vectors in the past obtained
by referring to images of individual objects from frame
memories of the first frame memory group which correspond to
the objects and motion vectors in the past obtained by
referring to images of the individual objects from frame
memories of the second frame memory group which correspond to
the objects in the imaée coding apparatus of the embodiment

10 shown in FIG. 22 separately for certain periods of time



op

128. The backward direction predicted i mage generating unit 29 inputs the
i nput image 101 and the reference image 110 of the second frame nenory and
outputs a backward direction predicted i mage 129, and the background

predi cted i mage generating unit 30 inputs the input inmage 101 and a
reference image 133 of the third franmed4®enory and out puts a background
predi cted i mage 130. The prediction node determning unit 42 cal cul ates

absol Ut o GG AIISRICRT StURE PLSCLel iIAISS 2 For Bne? and 30

ment i oned ove an mnes-a pre I ction node which

exhi bi ts &ﬂﬂﬂz!ﬂﬂalo%ﬁj@htkbe @ﬁéow&@ry@éwudid‘tfmhemeesmamdroubputs the
determ ned prediction node as a prediction node 126. Sinultaneously, the

predi cti onthatteofidther iimaigeg codihgdfppartptis of rhhiei embediment12Q. sko¥h 11 is
a bl ock dlagran1of an internal construction of the notion conpensation
predi cti ngttufixG 322 'RéPé"r AERETELNElY Bapetltdye E‘I‘Fs§51P§18BegEd15rIEI osed

I n responsg -t deedi ction node 126 so that the reference image 109 or
110 is inputted to a “Selected one of the notion conpensating units.

Subsequently, operation will be described.

The motion estimating unit 15 performs motion estimation
of a current image 101 of an object of a subject of cecding
using an image in a frame memory corresponding to the object
in one of the first frame memory group and the second frame
memory group selected by motion estimation as a reference
image to detect a motion vector 123,

Based on the motion vector 123, the differential vector
generating unit 47 selects a candidate vector (MV1, MV2 or
MV3 mentioned hereinabove) from among motion vectors of the
object in the past stored in the differential vector
generating unit 47 and outputs a difference wvector 141 of the
candidate vector from the motion wvector 123. The difference
vector 141 is coded into a wvariable length codeword by the
variable length coding unit 17. Accordingly, the differential
vaector generating unit 47 has a memory function of holding
motion vectors in the past separately for certain periods of
time for the individual frame memory groups.

Embodiment 17.

A block diagram of a decoding apparatus corresponding to
the image coding apparatus of the embodiment 16 shown in FIG.
27 is shown in FIG. 28. Referring to FIG. 28, reference
numeral 48 denotes a motion vector adding unit which selects
a candidate vector from among motion vectors of an object in

the past stored in advance therein and adds the selected



Fér exanple, when the forward direction prediction node is selected, a
switch SWL. is switched to a node A while another SW2 is switched off.
However, when the bidirection prediction node is selected, the switch SW
is switched to -30- another node B while the switch SW2 is switched to a
further node C. Wen the background pigedi ction node is selected, a
reference image 133 is inputted directly and referred to. Subsequently, I n

the switch 26, the switches SW. _and SW2 are swtched tQ co%ﬁssponding
to the prdfiddade MRroR40 énﬂlgfﬁF%%?%t%%F‘?%d'é 1’5“'& nally is

out pu“e%ésecongﬁ(a%e{ %Q,Plguiéﬂ tn dbidBind B 3 esefme %@ﬂg@ ment 3,

the first rame I'TDI’IGS ar provi edto real1ze a

const r uctddiks thaictsWd Gy @gnﬁflaﬁotb Ofh£ONPENSH 1ifthgd @BdingO0Bpphth tus
i npl enentation of the hardware, a plurality of frame nenories can be

provi ded <ffi thea iembdrimantt |1|¢gsaowam;mthfaw2ag, and accordingly,

repetitive description of it is omitted here.

Subsequently, operation will be described.

In the image decoding apparatus of the present
embediment 17, a difference vector 141 variable length coded
by the variable length decoding unit 22 is supplied to the
motion vector adding unit 48, by which a-candidate vector is
selected from among motion vectors of an object in the past
stored therein and added to the difference vector 141 to
regenerate a motion wvector 123,

The motion vector 123 is sent to the motion compensating
unit 23, The motion compensating unit 23 receives the motion
vector 123, reads out an image in the memory group 43 or 44
corraesponding to the object in the frame memory group
selected by the frame memory selecting unit 35 as a reference
image, and outputs a predicted image 115. The other
processing is similar to the operation of the image decoding
apparatus of the embodiment 11 shown in FIG. 23, and
accordingly, repetitive description of it is omitted here.
Embodiment 18,

A construction of an image coding apparatus which
includes a third frame memory group 49 in addition to the
construction of the image coding apparatus of the embodiment
16 shown in FIG. 27 is shown in FIG. 29. The other
construction is similar to that of the image coding apparatus
of the embodiment 16 shown in FIG. 27, and accordingly,

repetitive description of it is omitted here.



a-storage capacity for the plurality of frame menories based on internal
addresses. FIGS. 12A, 12B and 12C are diagrammatic views illustrating
re-witing operation of the frane nenories in the present enbodi nent 3, and
in the followng, the re-witing operation will be described including a
relationship to the operation of the dggane nenory sel ecting unit 37

descri bed herei nabove with reference to FIGS. 6A, 6B and 6C. FIGS. 12A, 12B

and 12C show three different patterns. |n Fl 12A,, PG pictures of
background pr eHRIGBIEHY 4 GRRERFLAR BL PR ARRAFTBEN¥ appear Dbegi nni ng
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pi cture. Therea e structur S eginning wth the

10t h pi ctaif &a duieddrt ikdZe 101t 6B 88 SBFPESE bt PIAMEdOBIMdIEngf forward
direction prediction, backward direction prediction, - 31-
using an image in a frame memory corresponding to the object
in one of the first frame memory group, the second frame
memory'group and.the third frame memory group selected by
motion estimation as a reference image to detect a motion
vector 123.

Based on the motion wvector 123, the differential wvector
generating unit 47 selects a candidate vector (MV1i, MV2 or
MV3 mentioned hereinabove) from among motion vectors of the
object in the past stored in the differential vector
generating unit 47 and outputs a difference vector 141 of the
candidate vector from the motion vector 123. The difference
vector 141 is coded into a variable length codeword by the
variable length coding unit 17.

Also in this instance, the differential vector
generating unit 47 has a memory function of holding motion
vectors in the past separately for certain periods of time
for the individual frame memory groups. Since the other
processing is similar to the operation of the image decoding
apparatus of the embodiment 11 shown in FIG. 23, repetitive
description of it is omitted herein.

Embodiment 19.

A construction of an image decoding apparatus
corresponding to the image coding apparatus of the embodiment
18 shown in FIG. 29 is shown in FIG. 30. Referring to FIG.
30, reference numeral 49 denotes a third frame memory group.
Since the other construction is similar to that of the image

decoding apparatus of the embodiment 17 shown in FIG. 28,



bi'di r ecti on predi ction and background prediction is possible with the
first, second, fourth, fifth, seventh, eighth, tenth and el eventh pictures,
and the prediction efficiency is highest. Further, also in this instance,
while witing as a background inmage into the third frane nenory is enabl ed
at any time, in the exanple of FIG 12Bg-witing into the third frane
menory for a background image is perforned fromthe fifth and tenth

i ct o An ELG. 12C PG pjct of .back d dicti df d
i 1 oct 1 on "SRR LB RBFEPEPR I£4 1 (1R AL SHE hB<Rrni h and vl {1
pictures. In tBaBSeGRBRRILONSpesd £i%h dﬁﬂfsb@ meady.; kagwn of which picture
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type a currently decoded picture 1s, a nme nenory 1nto which the locally

decoded i mage AO8ifferanbe wectd LN 41s weliablenedngyhi £68bd by akgsor dance
with the picture type by the frame nenory selecting unit 37. In particular,

wher e t hevpaiable hasgthedecodingirunidf 22BBB, stipplikd toptbeumeticeme | ocal |y
108 ,i,s writt rst fra menor but, for the P

decoded | . ; |
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menory. Feelkbeel BrehUiRSng (St A AdotoleCeedn! BBYEcLOBn ! Endrgiden i nto

none of the
stored therein and added to the difference vector 141 to
regenerate a motion vector 123. The motion vector 123 is
sent to the motion compensating unit 23. The motion
compansating unit 23 reads out a reference image in a frame
memory corresponding to the object in the selected frame
memory group, and outputs a predicted image 115.

As described above, if a differential vector generating
unit which has a memory function of holding a number of
motion vectors, which is equal to the number of the frame
memory groups, in the past separately for certain periods of
time for the individual frame memory groups and calculates a
difference vector between a detected motion vector and a
candidate vector is provided, then the information generation
amount of motion vectors can be suppressed.

As described above, with the image coding apparatus of
the present invention, since a background image is stored and
motion compensating prediction is performed using background
prediction based on the stored background image, there is an
effect that coding can be performed while keeping a high
prediction efficiency without being influenced by a coding
sequence.

Further, with the image coding apparatus and the image
decoding apparatus of the present invention, since re-writing

of image contents in the individual frame memories is



frane menories. It is to be noted that, as described already, a certain
decoded image is witten as a background inmage also into the third frane
af,ter a certain interval of tine or in response to a control signal from
t he outside. Enbodinment 4. FIG 13 is a block diagram of a decodi ng
apparatus for noving pictures accordingglo an enbodi nent 4 of the present
I nvention. The decodi ng apparatus corresponds to the coding - 32-
apparatus_of _the enbodi nent 3 shown in FIG 9. Referring to FIG 13,

r ef er encePRERRFREA3EN JBRbER R FRiiMTeoRSERSaR| AeTERi R  inkeryRl wither

Fof or encetinacoz) R, sERbaEE ke ¥ Hnre L AR heRr R 108 T ey
el enent s, tREfaagsOaALEALY , of NS ItHate tdRS ShiBLi 88nLLntHESR | ShdBddrRd here.
Subsequently, operation will be described.

memories can always be kept to contents with which a high

prediction efficiency in background prediction can be

obtained.

Further, with the image coding apparatus and the image
decoding apparatus of the present invention, since re-writing
of the image contents of the individual frame memories is
performed in units of a macroblock after a certain interval
of time or in response to a control signal from the outside,
there is a further effect that the image contents of the
frame memories can always be kept to contents with which a
high prediction efficiency in background prediction can be
obtained with a finer level.

Further, with the image coding apparatus and the image
decoding apparatus of the present invention, since the
searching ranges for a motion vector to be used for motion
estimation are variably set for the plurality of frame
memories provided in the coding apparatus, for example, when
motion is to be searched for from reference to a frame memory
in which a screen which involves a comparatively small amount
of motion is written, a comparatively short code can be
given, and accordingly, there is a still further effect that
the coding information amount of motion vectors can be
reduced.

Further, with the image coding apparatus and the image
decoding apparatus of the present invention, since the
differential vector generating unit which has a memory

function of holding a number of motion vectors, which is



The notion conpensating unit 36 performs notion conpensation referring to
reference images 109, 110 and 133 read out fromthe first frame nenory 9,

t he second frame nenory 10 and the third frame nmenory 11 and outputs a
predi cted i mage 115. Decoded i mages are re-arranged by the displayed frane
re-arrangi ng unit 38 again such that Lgfy appear in order of tine for

di spl ayi ng, and an output inmage 137 is oObtained as a result of the
re-arrangenment. FIG 14 is a bl ock diagram showing an internal construction
of the noeddRl cerpthe rumken i the fRefmer memgries Flih the past of predicted

| mages gener at ed he individual predicted image_generating units is
sel ect ed ?ﬁp?’é%ﬁ)%ﬁgeé?’é 3 RN PERIRFIRL 1587923 CALFYIFESD 3 Then, the

oo oo HLEELELEL | B0 KA ULBLoAE DB A YR fodp T fourth
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appar atus of the enbodi nent descri bed above perfornms re-witing to a
backgr ounthafgke information generation amount of motion vectors can

be suppressed.

Further, with the image coding apparatus and the image
decoding apparatus of the present invention, since motion
compensating prediction is performed using the plurality of
frame memories for the individual objects which construct a
screen, a prediction structure conforming to motion of the
objects can be taken, and consequently, there is a yet
further effect that the overall prediction efficienc& is
improved.

Further, with the image coding apparatus and the image
decoding apparatus of the present invention, since only
regions of the frame memories in the frame memory groups in
which an object of a subject of coding is included are
re-written after a certain interval of time or in response to
an external control signal, there is a yet further effect
that a high efficiency in background prediction can be
maintained.

Further, with the image coding apparatus and the image
decoding apparatus of the present invention, since the
searching ranges for a motion vector are set separately for
the plurality of frame memory groups referred to by an
object, there is a yet further effect that, for example, for
an object which exhibits a comparatively small amount of
motion, the information generation amount of motion vectors

can be reduced by making the searching range for a motion



iffustrated in FIGS. 5B and 5C in units of a picture, it is - 33-
sonetinmes possible to performprediction efficiently if witing to a
background image is performed in units of a nacroblock. As the technique
for re-witing to a background i nage, for exanple, a technique wherein
updating is performed after each predgjgermned interval of tinme in coding
processi ng or another techni que wherein, when all pixels in a macrobl ock at
a certain $osition are not referred to for prediction for nore than a
certain pEYFORF JPPXIMHE: a control signal is generated to re-wite only the

macr obl ock in p&%gfqﬁ&gld iR i % d 9@!@? ]:;r?aqfeaa&y sed. FIG 15
illustrates th}i@%. e errl’nglg% E‘ng‘ ?eagga t n% g ftor wra?ﬁ lrllig%fromthe
second pi ihdGée ddcdding Hppara@ushesbark oppeséht NBBANBEN, @inkedtRACT Obl oCk
in aregion of slanted lines in FIG 15 1s witten as it is into the second
frame nendiffershtialiseattasr generetingrefnit ewltiech rhege & oemory

function of holding a number of motion vectors, which is

equal to the number of the frame memory groups, in the past

separately for certain periods of time for the individual

frame memory groups and calculates a difference vector

between a detected motion vector and a candidate vector is

provided, there 'is an additional effect that the information

generation amount of motion vectors can be suppressed.



direction of the third picture. Simlarly, also where the imge coding
apparatus of the enbodi nent 5 described above includes three frane
menories, re-witing into a background i mage shown in FIGS. 12B and 12C i s
performed in units of a macroblock. As the technique for re-witing, the
sanme operation as described above may bgsperforned. As described above,
since re-witing of contents of an image in each frame nenory is perforned

in units Q%ﬁﬁ cgﬁg#&gﬁ]? ter each certain interval of time or in response
to a contr s?%n & outside, the contents of the inage in the
frame nenory can always be kept, at a finer level, to contents fromwhich a
hi gh prediction efficiency for background prediction can be obtai ned.

- 34- Enbodi.men®n6 imAgaocadingegspLenntd NGonpidleahgs Whi ch corresponds to
t he i mage codi ng apparatus which includes three frane

storage means for storing a plurality of decoded images;

motion compensating prediction means for performing
motion compensating prediction correspending to an input
image based on thé plurality of decoded images stored in said
storage means to produce a motion vector and for generating a
predicted image based on the mofion compensating prediction;

prediction error calculation means for calculating a
difference between the predicted image generated by said
motion compensating prediction means and the input image to
calculate a prediction error image;

decoding means for generating the decoded images from
the prediction error image calculated by said prediction
error calculation means and the predicted image;

background image storage control means for selecting one
of the decoded images which is to be continuously stored in
said storage means as a background image and storing the
background image into said storage means; and

background motion compensation means for performing
motion compensating prediction corresponding to the input
image based on the background image to generate a motion
vector and generating a predicted image based on the motion

compensating prediction.

2. An image decoding apparatus, comprising:
storage means for storing a plurality of decoded images;
motion compensation means for performing motion

compensating prediction based on the decoded images stored in
_—
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nmenori es described above in connection with the image coding apparatus of
the enbodiment 5 can performre-witing to the background inage in units of
as macr obl ock. For example, in an image decodi ng apparatus shown in FIG 7,
after a decoded image 108 is selected by the frane nmenory selecting unit
35, a macrobl ock of the background i nag# at the sane position as that of

t he macrobl ock nentioned above is re-witten to a sel ected decoded i nage

L35, 1118 SEEE B STSHBIELATS A0 ool il Y, D

per f or me rtarn | tTme 6r 1 n respon 0 a contro

signal from t hfadddtiid fneadidlitlod hinash Eond NEHd oD diniy il ol Wheshown in
FIG 13, re-witing to a background image illustrated in FIGS. 12B and 12C

i s performedié¢m conpensHten dmagebfook. sdkd tiet et lonmpen fakiiore m@ainsi ng, t he
sanme operation as gﬁSCIibed above may be perforned. Enbodinent 7. It is
al so ef f RRF\R B YL EEFOE dM288ar chi ng range upon backgr ound

b the. enbod: reneeSPayR {iRde it Mal bbn prol mddife SRR ARSI T 1
unit 33 sPVhé NHecoded images which is to be continuously stored in
said storage means as a background image and storing the
background image into said storage means; and
background p:adicted image generation means for
generating a backgﬁéund predicted image based on the

background image.

3. An image coding apparatus according to claim 1, wherein
said storage means includes a frame memory for storing a
decoded image, and another frame memory for storing the

background image.

4. An image decoding apparatus according to claim 2,
wherein said storage means includes a frame memory for
storing a decoded image, and another frame memory for storing

the background image.

5. An image coding apparatus according to claim 1, wherein
re-writing of -image contents into said storage means by said
background image storage control means is performed in units
of a picture after a predetermined interval of time or in

response to a control signal from the outside.

6. An image decoding apparatus according to claim 2,

wherein re-writing of image contents into said storage means

| A R




FI.G 3 to the searching range of forward direction prediction or backward
direction prediction. To this end, it is advisable to set, making use of
the fact that, for exanple, background prediction acts effectively when the
notion vector fromthe background is O, the searching range to a smaller
range than that for any -35- other pgedjction. The inage coding
apparatus of the present enbodinent 7 exhibits an additional effect in that

the searching_ 1l i.s reduced and that, since codes obtaine i abl e
| engt h cgc)ta‘( n%abch r%?‘f%?%‘%tl&}a@ecg °58§§ef:°8§ﬁﬁgr‘3$?\1/€llyé %‘%f{y %%ie codi ng
| nformati on SDLOtoPfa N Qo GERALS aC BRelatberltfsd. i FFDAMITRY Bimd | G 16
Is a block diagram of an i1 mage codi ng apparatus accordi ng to an enbodi nent
8 of the ¢resentesporsd i to.a Keimrvlngigaakl Erombthe edetede. nuneral 47
denotes a differential vector generating unit, and 141 a difference
7. An image coding apparatus according to claim 1, wherein
re-writing of image contents into said storage means by said
baékground image storage'dontrol means is performed in units

of a macroblock after a predetérmined interval of time or in

response to a control signal from the outside.

8. An image decoding apparatus according to ¢laim 2, wherein
re~writing of image contents into said storage means by said
background image storage control means is performed in units
of a macroblock after a predetermined interval of time or in

response to a control signal from the outside.

9. An image coding apparatus according to claim 1, wherein
said background motion compensation means has a variable
searching range for a motion vector from the background

images.

10. An image coding apparatus according to claim 1, further
comprising differential vector generation means for holding a
motion vector obtained from said motion compensation means or
said background motion compensation means and calculating a
difference vector between the generated motioﬁ vector and the
motion wvector in the past, and the difference vector is

variable length coded.

11. An image decoding apparatus according to claim 2,

| T O O




vector. O the other conponents than those nentioned above, those
conponents denoted by the sane reference nunerals to those used in the
epbodiment 1 are simlar elenents, and accordingly, repetitive description
of themis omtted here. The differential vector generating unit 47
calculates a difference vector 141 betwggn a current notion vector 123 and
a reference vector. Then, the difference vector 141 is variable I ength

coded by [ e Jenagth codi.ng unit 17 ol 4By strates
a coding #T‘g‘fﬁ%%if%%%rir%tl i \%‘é%tl& , v?ﬁ‘d"ﬁa??@é%a‘%%ﬁ %{%HO#AA%O%\AB a
ref er encemeBidRve@Ed Prddddd & nf ibhal phsANEnd B BN MYl rdtGonl 7B shows a
reference notion vector for the second frane nenory 10. Operation will be
descri bedvectse qlemided iReftdre ipagtt toFaGHL figremral dediordnh rect angul ar
frame denotes one macroblock. It is known that, for a notion vector M/(1)
of a cur rEPgeRRER e dAMCHRAMIVIREFOBy reading out a reference image in the
first frame nmenory and perform ng notion conpensating prediction of the
reference inage, it is effective to actually variable |l ength code, using

three 12. An image coding apparatus which outputs a coded bit
stream of moving pictures, comprising:

a plurality of frame memory groups for storing,
individually for a plurality of objects which compose a
screen, decoded images of the objects in the past;

a frame memory selecting unit for selecting, in response
to a control signal, into a frame'memory of which one of said
plurality of frame memory groups a decoded image is to be
written;

a motion compensation predicting unit for selecting one
of forward direction prediction, backward direction
prediction, bidirection prediction and backgtound prediction
in units of an object using reference images read out from
frame memories of said plurality of frame memory groups
provided for the individual objects to perform motion
compensating prediction;

a subtractor for calculating a difference between the
predicted image and a current image to calculate a prediction
error image; _ _

an adding unit for adding the predicted image from the
reference images and the prediction error image of the
current image; and

a variable length coding unit for variable length coding

information.

|y M
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-36- notion vectors W1(1), MW2(1l) and MW3(1l) of already coded and decoded
macr obl ocks as candi date vectors, difference values of the notion vector
M/(1) fromthem For exanple, if it is tried to use a nedian of the notion
vectors W1(1), MW2(1l) and MV3(1l) as a candidate vector, then the

di fference vector PW(1) can be represented by the foll ow ng expression:
PW(1) = W(1) - nedian (MW1(1), W2(1), MW3(1)) where "nedian" is an

operator f cglculation of .a nedian._Simlarly,.for, th d anme
morory . P (2P ipes SeSpalrd Srita Sl WosrysteRetaf SRR R,
bl ock di agytaraaaf d?‘do@&ﬁ% poetRBe &P RAEMD 2iSs My :ch i ncludes a differential
vector generating unit 47 In addition to the construction of the imge

codi ng appar at @s pllnxaliity 6ECGErfme asmery) ayraipsofoaf skodihiyer ence vector,
in addition to the operation described above, a reference notion vector

PW(3) forindiaridualdyr fameanphurility o8 qhilaahisatldd chngongatrubFe| engt h
coded. screen, decoded images of the objects;

a frame memory selecting unit for selecting, in response
to a control signal, into a frame memory of which one of said
plurality of frame memory groups the coded images are to be
written for the individual objecis;

a variable length decoding unit for wvariable length
decoding the coded bit stream; and

a motion compensating unit for selecting one of forward
direction prediction, backward direction prediction,
bidirection prediction and background prediction in units of
an object using reference images read out from frame memories

of said plurality of frame memory groups to generate a motion

compensated image.

14. An image coding apparatus according to claim 12, wherein
said plurality of frame memory groups include three frame

memory groups.

15. An image decoding apparatus according to claim 13,
wherein said plurality of frame memory groups include three

frame memory groups.

16. An image coding apparatus according to claim 12, wherein
re-writing of image contents of a region in'which an object
which is a subject of coding is included in said plurality of

frame memory groups in which coded images of the object in




The i nformation generation anmbunt of notion vectors can be supplied in such
a manner as descri bed above. Enbodinent 9. FIGS. 19 and 20 are bl ock

di agranms of decodi ng apparatus which correspond to the codi ng apparatus of
t he enmbodi nent 8 descri bed herei nabove with reference to FIGS. 16 and 18 in
which a difference vector is used, respgctively. Referring to FIGS. 19 and
20, reference nuneral 48 denotes a notion vector adding unit. The ot her
conponent,g are sim/lar

tQ %ﬁose of _t he gec ?in a ratus qf odi nent

> Shown | RSy Radptekest §8r BRTOPRR, F1 145 oA G e B <
-37- om {8k NeF Gin |FedpiRisdC@80hNgoARPAL akLign D i RIHRS Yutsapandi ment 9, a
di fference vector 141 variable I ength decoded by the variable | ength
decoding unit 22 is added to a reference vector by the variable | ength
decoding unit 22 to calculate a notion vector 123. .

17. An image decoding apparatus according to claim 13,

wherein re-writing of image contents of a region in which an

cbiject which is a subject of decoding is included in said

plurality of frame memory groups in which coded images of the

object in the past are stored is performed after a certain

interval of time or in response to a control signal from the

outaside.

18. An image coding apparatus according to claim 12, wherein
searching ranges for a motion vector from reference images
from said plurality of frame memory groups for the individual

cbjects are variable for the individual objects.

19. &An image coding apparatus according to claim 12, further
comprising differential vector generation means for holding a
motion vector in the past obtained by referring to images
from said plurality of frame memory groups for the individual
objects and cal;ulating difference vectors separately for the
individual objects, and the difference vectors are variable

length coded.

20. An image decoding apparatus according to claim 13,
fu:ther.céMprising a motion vector adding unit for holding
decoded motion vectors in the past obtained by referring to
images in said plurality of frame memory groups for the
individual objects for a certain period of time and adding

the motion wvectors decoded in the past to the decoded

[
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The processing followng it is the sane as the operation of the decoding
apparatus of the enbodinent 2 showmn in FIG 7, and therefore, repetitive
description of it is omtted here. Enbodi nent 10. While, in the coding
apparatus of FIG 1, an entire screen in-a picture is used as a subject of
codi ng, the inmage codi ng apparatus of tlge present enbodi nent 10 is
constructed such that the picture type for coding is variable in units of
one of 2 Bueishie0be2tBigCLo! 400 Sl Webllob N FEE UEhg | O ST 21,
Referring to FIG 21, for exanple ? screen 1s co an object 1
(fish), adnghjwicual @h@bets background plcture) and an object 3 (ball) and
boundari es anong them are known, then those objects can be coded using
different techniques fromone another. In the inage codi ng apparatus of the
present enbodi nent 10, such coding techniques are realized by using
different picture types fromone another. For exanple, since the object 1
exhi bits a conparatively | arge anount of notion, the construction of
picture types of FIG 5A is used for the

\\\\\\\\\\\\\\\\l\\\\\\\\\\!\\



object 1 taking it into consideration that bidirection prediction is higher
in prediction efficiency than background prediction. -38- On the other
hand, since the object 2 is an i mage which exhibits little notion, it is
effective to use background prediction for it. Accordingly, the
construction of FIG 5C should be used. However, if such a variation that a
scene changes rapidly occurs with a certain mdst picture, then the
construction which includes B picturegcppg%gning with the mdst picture as
I 2

seen in FIG 5B should be enployed. F is a block diagramshow ng a

concrete exanple of the j mage codi ng apparatus provided by the present
enbodi nent 10, F@ferrindﬁ?ow%?T?_Z?r ef erence nuneral 42 denotes an object
distinguishinE unit, 43 a first franme~nenory group, 44 a second framne

menory group,| and 138 an object identificatign signal. Operation will be

descri bed subsequently. N
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An- Lnput inmage 100 includes identification signals applied to individual
objects in advance, and the identification signals are identified by the
obj ect distinguishing unit 42. The nunber of each of the thus identified
objects is outputted as an object identification signal 138 fromthe object
di stinguishing unit 42. The notion estimating unit 15 selects, from anong
the first frame nenory group 43 and the second frane nenory group 44, a
frame nenory which corresponds to the $bje§> of the subject of coding in
accordance with the object identificatfo gnal 138, reads out a reference
imge fromthe selected frane nenory and perforns notion prediction.
Meanwhi | e, the nption conpensation predicting unit 21 selects a frane
menory corresponding to a predeterm ned object in accordance with a notion
predi ction node 126 determ ned by the notion estimating unit 15 and

generates a -39- predicted i mage 115.
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On"the other hand, the frame nenory selecting unit 35 wites a decoded

i mage 108 into one of the frame nenories of a predeterm ned one of the
frame nenory groups which corresponds to a predeterm ned object in
accordance with the object identification signal 138. Further, the object
identification signal 138 is nultiplexed together wth other coding
information by the nultiplexing unit 45 and sent out as a nultiplexed bit
stream 139 to an external apparatus (ngt g ). Wiile, in the image coding
apparatus of the present enbodi ment 10, the Tirst and second nenory groups
are provided to realize the construction for switching of notion
conpensating prediction, for inplenentation of the hardware, a plurality of
frame nenories can be provided at a time by cutting a nenory having a
storage capacity for the plurality of franme nenories based on interna
addresses. As descri bed above, with the imge coding apparatus of the
present enbodi nent 10, since a predliction structufe which conforns with
notion of an object can be taken he overall ®refiction efficiency is

i nproved. Enbodi nent 11. 3 av
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A-hl ock di agram of an i mage decodi ng apparatus whi ch corresponds to the

i mage codi ng apparatus of the enbodinent 10 shown in FIG 22 is shown in
FIG 23. Referring to FIG 23, reference nuneral 46 denotes a

denmul tiplexing unit. The other conmponents are simlar to those of the inage
decodi ng apparatus of, for exanple, the enbodinent 4 shown in FIG 13, and
accordingly, repetitive description of themis omtted here. - 40-
Qperation will be described subsequenaly.3bn response to an obj ect
identification signal 138 denultiplexed by the denultiplexing unit 46, the
notion conpensating unit 23 regads out a reference imge fromone of frane
menori es of a predeterm ned frgﬁn—ﬂﬁﬁﬁTV‘QT@up whi ch corresponds to a
predet er mi ned obj ec}, and performs notion cenpensati-on corresponding to a
predi ction node to penerate a predicted ijmage 1151 n the neantine, the
frame nenory selectfng unit 35 N
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wites a decoded image 108 into one of the frane nenories of a
predeterm ned frame nmenory group which corresponds to a predeterm ned

obj ect in accordance with the object identification signal 138. The ot her
processing is simlar to that of the inage decodi ng apparatus of the
enbodi nent 4 shown in FIG 13, and accordingly, repetitive description of
it is omtted here. Enbodinent 12. FIG 24 is a block diagram of an inage
codi ng apparatus which includes a fur%ggiciﬁane menory group.in addition to
t he construction of the enbodi nent 10 S bed herei nabove with reference
to FIG 22 such that it may includagﬁﬁkgllngizgree frame menory groups.
Referring to FIG 24, reference nu tes a third frame nenory
group. The other conponents are simi|ar to those of the inmage coding
apparatus of the enbodi nent 10 N Fl & 22, "ard accordingly,
repetitive descrlptl-- 6 he/m F go he ,_ B Sequen —Qperation

w Il be described. Ay'i | ;' QN gnal s
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-41- distinguishing unit 42. The nunber of each of the thus identified
objects is outputted as an object identification signal 138 fromthe object
di stinguishing unit 42. The notion estimating unit 15 selects, from anong
the first frame nmenory group 43, the second frame nenory group 44 and the
third frame menory group 49, a frame nenory which corresponds to the object
of the subject of coding in accordance with the object identification
signal 138, reads out a reference inage fégﬁ]the sel ected frane nmenory and
performs notion prediction. Meanwhil e] {h noti on conpensati on predicting
unit 21 selects a franme;menory corresponding to a predeterm ned object in
accordance with a nntio$\pLedTCrTUﬁ~gpde 126 determ ned by the notion
estimating ugit 15 and generates a]pwedi cted i nage 115. On the ot her hand,
the frame nefory selecting unit 35]wites alecoded i nege 108 into one of

the frame negori es of N

> A $
W o S
< =t
[
N [s2]
?"‘*"* a
=~ . § o
™V =
. B §
) N 7 “
[ w0 i
<
g S i B || S
S 2 |
oo}

A S
106 ’\4
107%1
+

116

j r
123~I 110

FIG. 6
f|
/7
7\ﬁ
21 10919_:

73]
N
¢
¢ d
n ™10 ~ 1
=i
§
— ¢
Q i
— o
i
i
vy

100



&. predeterm ned one of the franme nenory groups which corresponds to a
predeterm ned object in accordance with the object identification signal
138. Further, the object identification signal 138 is multiplexed together
wi th ot her codlng information by the multiplexing unit 45 and sent out as.a
mul ti pl exed bit stream 139. Wiile, in the image codi ng apparatus of the
present enbodi nent 12, the first, second and third nenory groups are
provided to realize the constructionfoy gwitching of notion conpensating
prediction, for inplementation of the hardware, a plurality of frane
nmenori es can be provided atinme by cutting a nenory having a storage
capacity for @} enori es based on internal addresses.
-42- Enbodi meht} 13. A bl ock diagram of an i nmage decodi ng appar at us
correspondi ng tjo the i mage codi ng appgratus of the enbodi nent 12 shown in
FIG 24 is sho in FIG 25. Referring to FIG
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25; reference nuneral 49 denotes a third frame nenory group. The ot her
conponents are simlar to those of the inmage decodi ng apparatus of, for
exanpl e, the enbodi nent 11 shown in FIG 23, and accordingly, repetitive
description of themis omtted here. Operation will be described
subsequently. In response to an object identification signal 138
denul ti pl exed by the denultiplexing unit 46, the notion conpensating unit
23 reads out a reference inmage fromong pfy§rame menories of a
predeterm ned frame nenory group which corresponds to a predeterm ned

obj ect, and perfornms notion conpensation corresponding to a prediction node
to generate a predicted image 115. In the neantine, the frane nenory
selecting unit 35 wites a decoded inage 108 into one of the frame nenories
of a predeterm ned frame nenory group which corresponds to a predeterm ned
object in accordance with the object identification signal 138. The ot her
processing is simlar to that of the i mage decodi ng apparatus of the

enbodi ment 11 shown in FIG 23, and accordingly, repetitive description of
it is omtted here. i
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Bobodi ment 14. The i nmage codi ng apparatus of the enbodi nent 12 shown in
FIG 24 may be nodified such that re-witing of imge contents of a region,
i n which an object of a subject of coding is included, of a frame nenory
corresponding to the -43- object in the second frame nenory in which a
decoded i mage of the object in the past is stored is perfornmed after each
certain interval of tinme or in response to a control signal fromthe
outside. FIG 26 is a diagrammtic vigmyibbustrating that, for exanple,
with a decoded i mage of all macrobl ocks including a region occupied by a
certain object, imge cqgntents in a macrobl ock or macrobl ocks at the sanme
position of a _frane nen%ry—kﬁ'?ﬁﬁ‘se@pnd frame nmenory group which
corresponds tjo the object are re-wjittten. Accordingly, in the case of FIG
26, contents jof totaling four macrgblocks in two vertical colums and two

hori zontal rqws are updat ed. 7
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Fur ther, where re-witing of image contents of a region, in which an object
of a subject of coding is included, of a frane nenory corresponding to the
ohject in the third frame nenory in which a decoded i nage of the object in
the past is stored is perfornmed after each certain interval of time or in
response to a control signal fromthe outside, the witing operation into a
frame nmenory in the second frame nmenory group in the foregoi ng description
shoul d be applied to the witing opergjipm4into a franme nenory in the third
frame nenory group. Also with a decodi ng apparatus which corresponds to the
i mage codi ng apparatus of the enbodinent 12 shown in FIG 24 as descri bed
above, re-witing of inmage contents of a region, in which an object is

i ncl uded, of a franme nmenory corresponding to the object in the second frane
menory group in which a decoded i nage of the object in the past is stored
can be controllably perfornmed after a certain interval of tinme or in
response to a control signal fromthe outside.
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-*44- Enbodi nent 15. The inmage codi ng apparatus of the enbodi nent 10 shown
in FIG 22 can be nodified such that searching ranges of notion vector
searching for a reference image froma frame nenory of the first franme
menory group which corresponds to an object and another reference inmage
from anot her frame nenory of the second franme nmenory group which
corresponds to another object are varied for the individual objects. For
exanple, in the imge codi ng appar at 4§ oré..stshe enbodi ment 10 shown in FIG
22, if a background which exhibits a“Conparatively small anount of notion
as an object is stored in advance in a frame nenory of the second frane
menory group which corresponds to the object whereas an operation of
successively witing a decoded i nage of another object which exhibits a
conparatively |arge anount of notion at any tine into another frane nenory
of the first frame nmenory group which corresponds to the object is
performed, then a high prediction efficiency can be naintai ned for both of
the objects. Further, the inagpdﬂodingspgﬂaratquq34the enbodi ment 12

' ~ 4 i

.-.‘

L) TN
= =
24 152}
. o
v 6 00 o | i

A lﬁ WIW Ivy ) ¥

11

FIG,

11~
12~
13N

O=
O= [
14N
O
126

S
111

5
112
113

S
114

115
S




shown in FIG 24 may be nodified such that searching ranges of notion
vector searching for a reference image froms fromnmenory of the first
frame nmenory group which corresponds to an object, another reference inage
from anot her frame nenory of the second franme nmenory group which
corresponds to another object and a further reference imge froma further -
frame nenory of the third frame nmenory group which corresponds to a further
object are varied for the individual objects. For exanple, in the inmge
codi ng apparatus of the enbodi nent 121§LGW@3 n FIG 24, if a background

whi ch -45- exhibits a conparatively small anmount of notion as an object
Is stored in advance in a frame nenory of the third frame nmenory group

whi ch corresponds to the object an tion of successively
witing a decoded i nmage of anothgg?ggﬁgct &gggggexhibits a conparatively

| arge anount of notion at any ti Lhto another franme nmenory of the first
menory group mhich
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corresponds to the object is performed, then a high prediction efficiency
can be maintained for all of the three objects. As described above, since
searching ranges for a notion vector are set separately fromeach other for
a plurality of frame nenory groups referred to-by objects. for exanple, for
an object which exhibits a conmparatively small anmount of notion, the '
i nformati on generati on anmount of notion vectors can be reduced by maki ng

t he searching range for a notion vecggr 2#{OML Enbodi nrent 16. FIG 27 is a
bl ock di agram showi ng an i mage codin aﬁg atus according to an enbodi nent
16 of the present invention. Referring to FIG 27, reference 47 denotes a
differential wm~e ing unit. The differential vector generating
unit 47 hol dsinptTon vectors 1n tne pgst obtained by referring to i nages of
i ndi vi dual objegts fromframe nenorieq of the first frame nenory group

whi ch correspong to the objects and ngtion vectors in the past obtained by
referring to imhges of the individual jobjects fromfrane nenories of the

second frane nel dpond to
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t he -obj ects in the i mage codi ng apparatus of the enbodi nent 10 shown in
FIG 22 separately for certain periods of tine -46- and cal cul ates

di.ff erence vectors separately for the individual objects. The other
construction is simlar to that of the inmage coding apparatus of the

enbodi ment 10 shown in FIG 22, and accordingly, repetitive description of -
it is omtted here. Subsequently, operation will be described. The notion
estimating unit 15 perforns notion e:%inz;' n of a current imge 101 of an
obj ect of a subject of coding using i 5 in a frame nmenory
corresponding to the object in one of the first frame nmenory group and-the
second franme nenory group selected by notion estinmation as a reference
imge to detect a notion vector 123. Based on the notion vector 123, the
differential vector generating unit 47 selects a candidate vector (W1, W2
or MV3 nentioned herei nabove) from anong notion vectors of the
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object in the past stored in the differential vector generating unit 47 and
outputs a difference vector 141 of the candidate vector fromthe notion
vector 123. The difference vector 141 is coded into a variable |ength
codeword by the variable I ength coding unit 17. Accordingly, the
differential vector generating unit 47 has a nmenory function of hol ding
notion vectors in the past separately for certain periods of tine for the
i ndi vidual frame mermory groups. Enbodigrept347. A block diagramof a
decodi ng apparatus corresponding to the i mage codi ng apparatus of the
enbodi mrent 16 shown in FIG 27 is shown in FIG 28. Referring to FIG 28,
reference nuneral 48 denotes a notion vector adding unit which selects a
candi date vector from anong notion vectors of an object in the past stored
in advance therein and adds the sel ected -47- candi date vector to a

di fference vector 141 variable I ength decoded by the variable I ength
decodi ng unit 22. The ot her

= o e S
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construction is simlar to that of the inmage codi ng apparatus of the

enbodi nent 10 shown in FIG 22, and accordingly, repetitive description of
it is omtted here. Subsequently, operation will be described. In the inmge
decodi ng apparatus of the present enbodinent 17, a difference vector 141
vari able |l ength coded by the variable I ength decoding unit 22 is supplied"
to the notion vector adding unit 48, by which a candidate vector is

sel ected from anong notion vectors offgry od ect in the past stored therein
and added to the difference vector 141 to regenerate a notion vector 123.
The notion vector 123 ispsent_to_the notion conpensating unit 23. The

noti on conpensg ~3-Tecej ves Hhe nmotion vector 123, reads out an

i mge in the nenDry group 43 or 44 corresponding to the object in the frame
menory group |sel ected by the frame jnenory sadecting unit 35 as a reference
i mage, and outputs a predicted imade 115. TRE ot her processing is simlar

in FIG 23, a 5 onmtted here.
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A construction of an imge codi ng apparatus which includes a third frane
menory group 49 in addition to the construction of the inmage coding
apparatus of the enbodi nent 16 shown in FIG 27 is shown in FIG 29. The

ot her construction is simlar to that of the inage codi ng apparatus of the
enbodi nent 16 shown in FIG 27, and accordingly, repetitive description of .
it is omtted here. -48- Subsequently, operation will be described. The
notion estimting unit 15 performs nojko ggtination of a current inage 101
of an object of a subject of coding using an image in a frane nmenory
corresponding to the object in one of the first franme nenory group, the
second frame nenory group and the third frame nenory group sel ected by
notion estimation as a reference image to detect a notion vector 123. Based
on the notion vector 123, the differential vector generating unit 47

sel ects a candi date vector (M1, W2 or
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MW3_ nenti oned herei nabove) from anong notion vectors of the object in the
past stored in the differential vector generating unit 47 and outputs a
di fference vector 141 of the candidate vector fromthe notion vector 123.
The difference vector 141 is coded into a variable I ength codeword by the
vari able length coding unit 17. Also in this instance, the differential
vector generating unit 47 has a nenory function of holding notion vectors
in the past separately for certain pﬁ@:?k%§ﬁ time for the individual frame
menory groups. Since the other processing 1s simlar to the operation of
t he i mage decodi ng appargtus of the enbodi nent 11 shown in FIG 23,
repetitive description dﬁ~LPﬂ??TﬂﬁT¢gd herei n. Enbodi ment 19. A
constructionaEf an 1 nage decodi ng gpparatus corresponding to the inmage

codi ng appar atus of the enbodi nent {18 shown in FIG 29 is shown in FIG 30.
Referring to FIG 30, reference nurferal 49 denotes a third franme nemory

group. Since t{he ot her %nstruq_p nis simlar to that of the imagQ:
oay j
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-49- repetitive description of it is omtted here. Subsequently, operation
w Il be described. A difference vector 141 variable |length coded by the
variabl e | ength decoding unit 22 is supplied to the notion vector adding
unit 48, by which a candidate vector is selected from anong notion vectors
of an object in the past stored therein and added to the difference vector
141 to regenerate a notion vector 123. The notion vector 123 is sent to the
moti on conpensating unit 23. The noti®n/cggpensating unit 23 reads out a
reference image in a frame nenory corresponding to the object in the

sel ected frane nenory grogg, and outputs a predicted i mage 115. As

descri bed ab&ye—I rential vector generating unit which has a
menory functron of hol ding a nunber of notion vectors, which is equal to

t he nunber of tihe frame nmenory groups}y in the past separately for certain
periods of timg for the individual franme nenory groups and calculates a

di fference vectjor between a detected froti on vector and a
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Candi date vector is provided, then the information generation anmount of
notion vectors can be suppressed. As described above, with the i mage codi ng
apparatus of the present invention, since a background image is stored and
notion conpensating prediction is perforned using background prediction
based on the stored background image, there is an effect that coding can be
performed while keeping a high prediction efficiency w thout being

i nfluenced by a codi ng sequence. Fu&bhe 3§Mtk1the i mge codi ng appar at us

and the i mage decodi ng apparatus of “the present invention, since re-witing
-50- performed in

of image contents in the individual franme nmenories is

units of a pFQLuPe—aLLeLfé certain interval of tinme or in response to a
cont rol sigdal fromthe outside, therje is another effect that the inage
contents of th¢ franme menories can aljways be kept to contents with which a
hi gh predictiop efficiency in backgrqund prediction can be
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obtained. Further, with the inmage codi ng apparatus and the i nage decodi ng
apparatus of the present invention, since re-witing of the inage contents
of the individual franme nenories is performed in units of a nacrobl ock
after a certain interval of time or in response to a control signal from
the outside, there is a further effect that the i mage contents of the frane
menori es can always be kept to contents with which a high prediction

ef ficiency in background prediction can be obtained with a finer |evel.
Further, with the image coding appar &l ah¥l the i mage decodi ng appar at us
of the present invention, since the searching ranges for a notion vector to
be used for notion estimation are yariably set for the plurality of franme
menories provided in the codi ng appakatus, fp when notion is to
be searched for fromreference to @ 3 [ h a screen which

i nvol ves a conparatively small ano < a conparatively
short code can be given, and accord further effect
that the coding informati on anmount reduced.
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Purther, with the image codi ng apparatus and the i nmage decodi ng appar at us
of the present invention, since the differential vector generating unit

whi ch has a nmenory function of holding a nunber of notion vectors, which is
equal to the nunber of the frane menories, in the past separately for a
certain period of time and cal cul ates a difference vector between a
detected notion vector and a candidate vector is provided, there is a yet
further effect that the information ggngragi on anount of notion vectors can
be suppressed. Further, with the inmage codi ng apparatus and the inmge
decodi ng apparatus of the present invention, since notion conpensating
prediction is_perforped ' the pt@ality of frame menories for the

i ndi vi dual ol§j ects which construct]arscreen, a prediction structure
conformng tq notion of the object$ can be taken, and consequently, there
is a yet furtlher effect that the oyerall predictdon efficiency is inproved.
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Further, with the inage codi ng apparatus and the inmage decodi ng appar at us
of the present invention, since only regions of the frane nenories in the
f,rame menory groups in which an object of a subject of coding is included
are re-witten after a certain interval of tinme or in response to an
external control signal, there is a yet further effect that a high
efficiency in background prediction can be nmaintained. Further, with the
i mage codi ng apparatus and the i mage2degodiang appar atus of the present

i nvention, since the searching ranges for a notion vector are set
separately for the plurdlity of frane nmenory groups referred to by an

obj ect, thered ¢k that, for exanple, for an object

whi ch exhibits a conparatively snmal|l amount of notion, the information
generation apount of notion vectorg can be reduced by neking the searching
range for a potion -52- vector ndarrow.
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Fwthermore, with the inmage coding apparatus and the inmage decodi ng

apparatus of the present

i nventi on,

since the differential vector

generating unit which has a menory function of holding a nunber of notion

vectors,

and a candi dat e

- WHAT IS CLAIMED | S:
nmeans for storing a pl

predi ction nmggn
correspondi ngt
stored in sai

whi ch is equa

vect or

al |
for performng

to the nunber of the frane nmenory groups,
past separately for certain periods of tine for the individual
groups and cal cul ates a difference vector
i's provided,
i nformati on generation anobunt of nobtion vectors can be suppressed. -
An i mage codi ng appar at us,
%y of decoded i nages;

an i nput

I mage bﬁ
5t orage means to p

in the

frame nenory

bet ween a detected notion vector

here 35 an additional effect that thg
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pr-edi ct ed i mage based on the notion conpensating prediction; prediction
error cal culation neans for calculating a difference between the predicted
iyrage generated by said notion conpensating prediction nmeans and the input
image to calculate a prediction error imge; decoding neans for generating
t he decoded imges fromthe prediction error imge cal cul ated by said )
predi ction error cal cul ation neans and the predicted i mage; background

i mge storage control neans for selgfgi?g gne of the decoded i nages which
is to be continuously stored in sai storgge means as a background i mage
and storing the backgropnd image into said storage neans; and background
noti on conpensati on neaﬁe’fﬁ?*p&LLerning noti on conpensating prediction
correspondiffg to the 1nput 1nage bhSed on the background i mage to generate
a notion vedtor and generating a pfedicted i mage based on the notion
conpensating prediction. 2. An i mage decodi ng apparatus, conprising:
storage neans for storing a pluralfty of decoded i nages; notion

conpensati o ¥ hot i on conpensating prediction based on
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- 54 - said storage neans to generate a notion conpensated inmage; decoding
means for generating the coded images fromthe notion conpensated i mage
from sai d notion conpensati on neans and a prediction error image;

background i mage storage control nmeans for selecting one of the decoded
i mges which is to be continuously stored in said storage neans as a
background i mage and storing the background i mage into said storage neans;

and background predicted i mage gener &4 on ggans for generating a background
predi cted i mage based on the background i mage. 3. An i mage codi ng

apparatus according to claim1l, wherein said storage neans includes a franme
menory for storing a decoded i nage, and another frane nenory for storing

t he background image. 4. An inage decodi ng apparatus according to claim 2,
wherein said storage nmeans includes a frane nenory for
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storing a decoded i nage, and another frame nmenmory for storing the
background i mage. 5. An i mage codi ng apparatus according to claim1,
erein re-witing of inage contents into said storage nmeans by said
background i mage storage control nmeans is performed in units of a picture
after a predetermned interval of tinme or in response to a control signa
fromthe outside. 6. An i mage decodi ng apparatus according to claim 2,
wherein re-witing of inage contentssaihntosgaid storage neans by said
background i mage storage control nmeans is performed in units of a picture
after a predeterm ned iQEELESL’QL‘EinE or in response to a control signal
fromthe outside, 7 HTRge coqgri@ appar at us gpcording to claim1,
wherein re-wliiting of image contentis *nto said sterage neans by said
background inage storage control mgans is performéd in units of a

macr obl ock affter_a predeterm ned igtfrval of T(INE Of 1N [EsSponse to §
control signalNfromthe fQutsides Q. n 1 gge decodl Ry appanatus acg¢ordi ng
to claim2, erepn N ' ~ <*
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Pe-witing of inmage contents into said storage neans by said background

i mige storage control neans is performed in units of a nmacroblock after a
Qredeternined interval of time or in response to a control signal fromthe
out side. 9. An i mage codi ng apparatus according to claim1, wherein said
background noti on conpensati on neans has a variabl e searching range for a
notion vector fromthe background i mages. 10. An inmage codi ng appar at us
according to claim1, further conpri gy differential vector generation
means for holding a notion vector obtained fromsaid notion conpensation
means or said backgroungkggLngnggpensation means and cal culating a

di fference vectqr hetwearihe j f%ed notion vector and the notion vector
in the past, Jand.the difference vecfor is variable | ength coded. 11. An

i mge decodng apparatus according fo claim 2, - 56 - further conprising
a notion vectlor adding unit for holfding a
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mation vector decoded in the past and adding the notion vector decoded in

the” past to a difference vector to regenerate a notion vector.

12. An inmage

codi ng -appar atus which outputs a coded bit stream of noving pictures,

conprising: a plurality of frame menory groups for storing,
for a plurality of objects which conpose a screen
obj ects in the past;
response to a control
plurality of franme menory groups a decoded image is to be witten;
conpensation predictin
backward di

prediction,
background prgdi

si gnal ,
uni

ction iln 1nTt s

for
ectson prediction,

of

fromfrane nefo

i es of said plural

t he i ndi vi dual

pbj ects to per form

i ndi vi dual I'y
decoded i mages of the

a frame nenory selecting unit for selecting, in
into aofgr gmgggrenory of which one of said
a notion

sel ecting one of forward dlrectlon

bi direction prediction and

an object using reference inmages read out
ity of feame nenory groups provided for
nmoti on cfhpensating prediction; a

subtractor for carcuragrnmg g Ui ference begmeen the predicted i mage and a
current inmage toXal cul & prTeu.uru..
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ef.ror image; an adding unit for adding the predicted i nage fromthe
reference images and the prediction error imge of the current imge; and a
vari abl-e length coding unit for variable | ength coding information. - 57
- 13. An image decodi ng apparatus which decodes a coded bit stream of
novi ng pictures, conprising: a plurality of frame menory groups for

storing, individually for a plurality of objects which construct a screen,
decoded i mages of the objects; a frage ped®y selecting unit for selecting,

in response to a control signal, into a frame nmenory of which one of said
plurality of franme nmenogy ups the-coded images are to be witten for the
I ndi vi dual oby ; HﬂB decoding unit for variable length

decodi ng thelcoded bit stream and
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&_notion conpensating unit for selecting one of forward direction
predi cti on, backward direction prediction, bidirection prediction and
background prediction in units aof an object using reference images read out
fromfranme nenories of said plurality of frame nmenory groups to generate a
notion conpensated i mage. 14. An inmage codi ng apparatus according to claim
12, wherein said plurality of frame nmenory groups include three frane
menory groups. 15. An image decoding# ppaggtus according to claim13,
wherein said plurality of franme nmeno € ups include three frame menory
groups. 16. An inmage codi ng apparatus according to claim 12, wherein
rewiting of inmage contents of a region in which an object which is a

subj ect of coding is incluged in said plurality of frame menory groups in
whi ch coded i nages of t@p bject in - 58 - the past are stored is
perfornmed after a gertai-n~ijnterval of
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tame or in response to a control signal fromthe outside. 17. An inmage
decodi ng apparatus according to claim 13, wherein re-witing of image
contents of a region in which an object which is a subject of decoding is
included in said plurality of frame nmenory groups in which coded i mages of
the object in the past are stored is perforned after a certain interval of
time or in response to a control signal fromthe outside. 18. An i mge
codi ng apparatus according to clain5#2, wpfrein searching ranges for a
notion vector fromreference i mages r&hlsaid plurality of franme nenory
groups for the individyal objects gre variable for the individual objects.
19. An image coding apﬁa?arU3~agngfding to claim12, further conprising
differentidl vector generation megns for holding a notion vector in the
past obtaired by referring to imadeg,fromsaid plurality of frame nmenory
groups for {the individual objects [ara dal cul atin ifferelice vectors
separately jfor the individual objg Jand tlde diffe]jence veclors are .
argt-h—coded 2 o—AR—rage ded |h6§apparat g according to claim

unit fon holdin%\'c
™~

N (o]
<o L]
—t —~
r——5-- -
t {
I |
l I
{ i
[ il 1
Q A, l |
3 i |
( {
I I
1 | I
i {
: | 1
| 1
-~ i [
& [ ¢ 1
™o [~ Nl oy ™
N 2 a P i ol I
o 2 ( !
5 | I
' ~ L 4
o L Lt F--
H s T
RPN ! ¢
&-‘ Ty
i
-l <
=S
- \"":\
)
NN
=]
S
—t \""\o

22

18

121

Ry



déeaded notion vectors in the past obtained by referring to i mages in said
plurality of frame nenory groups for the individual objects for a certain
period of time and adding the notion vectors decoded in the past to the
decoded di fference vectors to regenerate notion vectors for the

I ndi vi dual objects.
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ABSTRACT OF THE DISCLOSURE

TITLE OF INVENTION: IMAGE CODING APPARATUS AND IMAGE
DECODING APPARATUS

An image coding apparatus which includes a frame memory
salecting unit (35) for selecting, in response to a selection
gsignal, an image to be continucusly stored in a plurality of
frame memories (9, 10) as a background image and storing the
background image into the plurality of frame memories (9,
10), and a background motion compensating unit (14, 39} for
performing motion compensating prediction corresponding to an
input image based on the background image to generate a
predicted image based on the motion compensating prediction,

and an image decoding apparatus corresponding to the image

di. tus.
coding apparatus THIS SHEET HAS BEEN
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