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MOVING PICTURE PREDICTION SYSTEM

Technical Field

The'ﬁresent 1nvention're1ates to tﬁe_prediction of a
moving picture implemented, for example, in

a moving picture encoder/decoder used in a

portable/stationary video communication device and the

" 1like for visual communications in a video telephone

system, a video conference system or the like,

a moving picture encoder/decoder used in a picture

storage/recording apparatus such as a digital VIR and a

video server, and'
a moving picture encoding/decoding program
implemented in the form of a single software or a

firmware as a Digital Signal Processor (DSP).

Background Art
MPEG-4 (Moving Picture Experts Group PhaSe~4).Video

Encoding/Decoding Verification Model (hereinafter

'referréd to by the initials VM) whose standardization is

"in progress by ISO/IEC JTC1/SC29/WG1l1l may be introduced.

as a conventional type of predictive encoding/decoding in

‘an encoding/decoding system of moviﬁg pictures. The VM

continues to revise its contents éccording to the

pfogress-being_made in standardization of MPEG-4. Here,
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Version 5.0 of the VM ié designated to represent tﬁe VM
and will be simply feferred to as VM hereinafter.

The VM is a system for encoding/decoding each video
object_es one unit in view of a moving picture sequence
being an aggregate of video objeefs changing fheir shapes
time-/space-wise arbitrarily. Fig. 29 shows a VM video
data structure. /Accoraing to the VM, a time-based moving -

picture object is called a Video Object (V0O), and picture

data representing each time instance of the V0O, as an

encoding unit, is called a Video Object Plane (VOP). If

the VO is layered in time/space, a special unit called a

 Video Object Layer (VOL) is provided between the VO and

the VOP for representing a layered VO strﬁcture. Each
VOP includes shape infofmation_and texture information to -
be separated. If the moving picture sequence includes a

single VO, then the VOP is equated‘to a frame. There is

no shape information included, in this case, and the

texture information alone is then to be encoded/decoded.

The VOP includes alpha data representing tﬁe shape

information and texture data representing the texture

information, as illustrated in Fig. 30. .Each data are
defined as an aggregate of blocks
(alphablocks[macroblocks), and each bloeck in the

aggregate is composed of 16x16 samples. Each alphablock . -

_ sample is represented in eight bits. A macroblock
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includes accompanied chrominance signals being associated

with 16x16 sample luminance signals. VOP data are
obtained from 5 moving picture sequencé externally
processed outside of an encdder.

Fig. 31.is a diagram showing the configuration of a
VOP encoder according to the VM encodiné system. The
diagram includes original VOP data P1 to bg inputted,-an'
alphablock P2 representing the shape informatién of the
VOP, .a switch P3a for passing the shape information, ir
there is any, of the inputted original VOP déﬁa, a shape
encoder P4 for compressing and encoding the alphablock,
compressed glphablock data f5, a 10caily’decoded
aléhablock P6, texture data (a macroblock) P7, a motion
detector P8, a motion parameter P9, a motion compénsétor‘
P10, a predicted picture candidate P11, a prediction mode
selector P12, a prediction mode P13, a predicted picture
P14, a prediction error signal P15, a texture encéder
Plsgltexture'encoding information P17, a locally decoded

prediction error signal P18, -a locally decoded macroblock

P19, a sprite memory update unit P20, a VOP memory P21, a

sprite memory P22, a variable-length encoder/multiplexer
P23, a buffer P24, and aﬁ encoded bitstream P25,

Fig. 32 shows a flowchart outlining-an operation of
the encoder. |

Referring to the encoder of Fig. 31, the original

This Sheet Has Been Re

[T




10

15

20

25

4

VOP data P1 are decomposed into the alphablocks P2 and

‘the macroblocks P7 (Steps PS2 and PS3). The alphablocks

P2 and the macroblocks P7 are transferred to the shape

encoder P4 and the motion defector P8, respectively. The
shape encoder P4 is ‘a processing block for data
compression of the alphablock P2 (step PS4), the process
of which is not discussed heredfurther in detail because
the compression method of shape information is not
particularly relevant to the present invention.

The shape encoder P4 outputs the compressed
alphablock data P5 which is transferred to the variable-
length.encoder/multiplexer P23, and the locally decoded
alpha data P86 which is transferred sequentially to the
motion detector P8, the motion compensator P10, the

brediction mode selector P12, and fhe texture encoder

- P16.

The motion detector P8, upon reception of the

macroblock P7, detects a local-motion vector on a

macroblock basis using reference picture data stored in

the VOP memory.P21'and the locally decoded alphablock‘PB

(step PS5). Here, the motion vector is one example of a
motion parameter. The VOP memory P21 stores the'locall&

decoded picture of a previously encoded VOP. The content
of the VOP memory P21 is sequentialiy updated with the

locally'deCOded picture of a macroblock whenever the
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macroblock is encoded. In addition, the motion detector
P8 detects a global,warping parameter, upon receptioh of
the full texture data of the original VOP, by using

reference picture data stored'in the sprite memory P22

.and locally deéoded alpha data. The sprite memory P22

will be discussed later in detail.
The motion compensator P10 generates the predicted
picture candidate P11 by using the motion parameter P9,

which is detected in the motion detector P8, and the

~locally decoded alphablock P6 (step PS6). Then, the

prédiction mode selector P12 determines the final of the
predicfed bicture P14 and cqrréspondi;g prediétion“mode
P13 of the macroblock by using a prediction error signal
power and an original signal power (step PS7T). 1In
addition, the prediction mode selector P12 5udges the
coding type of the data either intra-frame coding or

inter-frame coding.

The texture encoder P16 processes the prediction

error signal P15_or the original macroblock through

Discrete Cosiné Transformation (DCT) and quantization to
obtain a quantized DCT COefficient based upon the
prediction mode P13. An obtained quantized DCT
coefficient is transferred, directly or aftef.prediction;
to the variable—length encoder/multiplexer P23 to be

encoded (steps PS8 and PS9). The variable-length
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encodér/multiplexer P23 converts the received data into a
bitstream and mgltiplexes the data based ﬁpon
predetermined syntaxes and variable-length codes (step
PS10). .The quantized DCT coefficient is subject to
dequantization and inverse DCT to obtain the locally

decoded prediction error signal P18, which is added to

.the predicted picture P14, and the locally decoded

macroblock P19 (stép PSll)'is pbtained. The locally_
decoded macroblock P18 is written into the vop memory P21
and the sprite memory P22 to be used for a later VOP |
prediction (steéep PS12).

Dominant portions of prediction 1hc1uding a

- prediction method, a motion compensation, and the update

~control of the sprite memory P22 and the VOP memory P21

will be diséussed below in detail.
(1) Prediction method in the VM
Normally, four different types of VOP encoding shown

in Fig. 33 are processed in the VM. Each encoding type

is associated with a prediction type or method,marked by

a circle on a macroblock basis. With an I-VOP, intra-
frame coding is used singly involving no prediction.
With a.P—VOﬁ, past VOP data_can be used for prediction.
With a B—VOP,!both past and .future VOP data can be uéed
for prediction.

All the aforementioned prediction types are motion
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vector based. On the other hand, with a Spfite—VOP, a

sprite memory can be used for prediction. The sprite is

a picture space generated through a step-by-step mixing

process of VOPs based upon a warping parameter set

a=(a, b, c, d, e, £, g, h)
deteqtéd on a VOP basis (The mark -~ denotes a vector
heréinafter). The warpihg parameter set is determined by
the following parametric equations. J

' x'=(axsby+c)/ (gx+hy+1)

y'=(d£+ey+f)/(gx+hy+l)
The sprite is stored in the sprite memory P22.

Referring to the parametric equations, (x, y)
represents the pixel position of an ofiginal VOP in a

two-dimensional coordinate system. (X', y') represents a
pixel position in the sprite memory corresponding to (x,

¥,) baéed.upon a warping parameter. With the Sprite-VOP,
the Warpihg parameter set can be used uniformly with each

macroblock to determine (X', y') in the sprite memory for

prediction to generate a predicted picture. In a strict

sense, the sprite includes "Dynamic Sprite” used for
prediction and "Statistic Sprite".used for prediction as
well as for another purpose of an approximate
representation of_VOP at a decoding station. In Figs. 34
through 37 belbw; "sprite* stahds for Dynamic Sprite.

The motion detector P8 detects the motion vector and
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the warping parameter to be used for the aforementioned

prediction types.- The motion vectors and the warping

'parameters are generically called the motion parameter P9

hereinafter.
(2) Motion compensation

Fig. 34 is a diagram showing the configuration of
the motion compensator P10 in detail. 1In the figure, a
warping pafameter P26,.a motion Vectbr P27, a

global-motion compensator P28, a local-motion compensator

P29, a warping-paraméter based predicted picture

candidate.Pao, and a motion-vector based-predicted

picture candidate P31 are shown. The warping-parameter

-and motion-vector based'predicted picture candidates 30,

31 are generically called the predicted picture
candidates P11 hereinafter.

Fig. 35 shows a flowchart outlining the operation of

:the motion compensator P10 including steps PS14 through

Ps21.

The motion compensator P10 generates.the.prediéted
picture céndidate P11 using the warping parameter P26 of
a full VOP detectéd on é macroblock P7 basis in the
motion detector PS or a macroblock based motion vector
P27. The global-motion compensator P28 perfdrms a motion
compensation using the Warping parameter PZS,-and the

local-motion compensator P29 performs a motion
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compensation using the motion vector P27.

With the I-VOP, the motion compensator P10 does not
operate. (The operating step proceeds to step PS21 from
step PS14.) With a VOP other than the I-VOP, the local-
motiqn éompenéator P29 reads out a predicted picture
candidate PR1 from the locally decoded piéture of a past

VOP stored in the VOP memory P21 by using the motion

vector P27 (step PSlS).. With the P-VOP, the predicted

picture candidate PR1 is only available to be used.
When the B-VOP is identified in step PS16, the
1oca1-mofion compensétor P29 further reads out a

predictéd picture candidate PR2 from the 1oca11j decoded

. picture of a future VOP stored in the VOP memory P21 by

ﬁsihg the motion vector P27 (step PS17). In addition, an
arithmetic mean of the predicted picture candidates PR1,
PR2 obtained from the past and future VOP 1océlly decoded
pictures to obtain a predicted pictﬁre candidate PR3
(step PS18).

A predicted picture candidate PR4 is genefated also
through Direcf Prediction (step PS19). l(Direct
Prediction is based upon a ﬁrediétion method -
corresponding to B-Frame in ah encoding method H.263.
Reéommendation ITU-T. A vector for B-Frame is produced
based upon .a grouﬁ of P-VOP vectors, which is not |

discussed further here in detail.) 1In Fig. 34, the
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motion-vector based predicted pictufe candidates P31 is-é
generic term for all or part of the predicted ﬁicture -
candidates PRlithrough PR4.
If a VOP is of neither I-VOP nor B-VOP, then the VOP

is of Sprite-VOP. With the Sprite-VOP, the predicted

picture candidate PR1 is read out from the'VOP memory

based upon the motion vectof. In addition, the giobal-
motion compensator P28 reaAS out the predicted picture
candidate‘PSd from the sprite memory P22 based upon the
warping parameter P26 in step PS20.

The gloﬁal—motion compensator P28 calculates the
address of a predicted:ﬁicture candidate in the sprite
memory P22 based upon the warping parametér P26, and
reads out the predicted picture.candidaté P30>from the
sprite memory P22 to be'oﬁtputted based upon a resultant
address. The local-motion compensator P29 calculates the
address of a predicted picture candidate in the VOP

memory P21 based upon the motion vector P27 and reads out

the predicted picture candidate P31 to be oufputted based

upon a resultant address.
.These predic¢ted picture candidates P11l are evaluated

along with an intra-frame coding signal of the texture

" data P7 in the prediction mode selector P12, which

selects a predicted picture candidate having the least

power of a prediction error signal along with a
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'prediction mode.
(3) ﬁpdating of memories
) The memory ubdate unit P20 controls the VOP memory
P21 énd:sprite memory P22 to be updated (step PSl2)._ The

contents of these memories are updated regardless of the

 prediction mode P13 selected on a macroblock basis.

Fig. 36 is a diagram showing the configufation of -

- the memory update unit P20. Fig. 37 shows a flowchart

including steps PS22 through PS28 illustrating the
operation of the memory update unit P20. -

In Fig. 36, an externally supplied'VOP encoding type
P32, an externally supplied sprite. prediction
identification flag P33 for indicating the use of the
spfite memory for prediction, an externally supplied
blend factor P34 used for prediction with the sprite
memory, éwitcheé P35, P36, a sprite blender P37, a sprite
transformer ?38, a VOP memory update signal P39, and a
sprite update signal P40 are shown.

‘Firstly, the use of the sprite with the current VO
-or VOL is examiﬁgd'if-being desighated by the sprite
prediction 1dentification flag P33 (sfep PS22). With no

use of the sprite designated, the data are examined if

" being the B-VOP (step PS27). With the B-VOP, then no

updating is performed with the VOP memory P21. With_

either the I-VOP or the P-VOP, then the VOP memory P21 is

This Sheet Has Been Rgﬂlaced
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12
written over with the locally decoded macroblock P19 on a
macroblock basis (stép PsS28). |

With the use of the sprite designated in step PS22,
then the VOP memory P21 is updated in the same manner as
above (steps PS23, PSZ4),'and in addition. the sprite
memof& PS22 is updated through the following procedure.
a) Sprite warping (step PS25) |

In the sprite transfdrmer P38, an area

M(R,t-1) |
in the sprite memory P22 (M(E, t-1) is an area hafing the
same size as that of a VOP having the origin of the
coordinates at a_pésition in the-spfite memory P22 with
~the'VOP at a.time t) is subject to warping
(transformétion) based upon a warping parameter

E:(a.ﬁ,c,d,e.f.g,h). B
b) Sprite blending (step PS26)

By using a resultant warped picture from a) above, a
new sprite memory area is calculated in the sprite
bleﬁder P37 acéording to the folldwing expression, .

M(R,t)=(1-a)s WIM(K,t-1),cl+ae VO(r, t),
where « is the blend factor P34, WyiM,«] is the resultant
warped picture, and Vo(r,t) is a pixel value of a locally
decoded VOP with a location r and a time t.

With a non-VOP area in a locally decoded macroblock,
it is assumed that

VO(r,t)=0.
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As the blend factor « is assigned on a VOP basis, a
locally decoded VOP is collectively blended into the
sprite-mémory P22 based upon a welght a, regardless of
the contents 6f a vop érea..

According to the aforementionéd prediction system in
the conventional encoding system, the video object ié
predicted by using the memory designed to be used for
detecfing the motion vector alone and the memory designed
to be used for detecting the warping parameter alone,
both of which afe structurally allowed the maximum use of
a siﬁgle-screen alone each. Thus,.the limited use of
referencerpictures is only available for predictioh,~
thereby hindering a sufficient improvemeht in prediction
efficiency. |

Further, in such a systém where two or more video
objects are encoded concurrently, these memories only
include a reference picture'représenfing the past record

of a video object to be predicted alone, which limits the

variation of a reference picture and precludes the

utilization of a correlation among video objects for
prediction.

Further, the memories are updated regardless of such

" items as the internal structure, a characteristic, and

the past record of the video object. This results in the

insufficient storage of information lacking significant
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data for predicting a Qideo object, thereby posing a
problem of failing to enhance prediction efficiency.

The present invention is directed t6 soiving the
aforementioned problems. An objective of this.inventioh
is to provide the prediction system for éncoding/decoding
of picture data where_two or more memories are provided
to store the ﬁast record of the.mov1ng picture sequence
effectivély in consideration of the internal structure'
and characteristic of the moving picture sequence,
thereby achleving a pighly_efficient prediction as well
as encoding/decodihg. In addition, the prediction system

provides a sophisticated inter-video object prediction

- performing among two or more'video objects.

Disclosure of the Invention

'Aécording to the present invention, -a moving picture-
prediction system, for predicting a moving picture to be

implemented in at least one of an encoder and a decoder,

includes a plurality of memories for storing picture data

for reference to be used for prediction, the plurality of
memories being corresponding to differept transform
methods, respectively, and a ppediction picture
generation section for receiving a parameter representing

a motion of a picture segment to be predicted, and for

-generating a predicted picture using the picture data

This Sheet Has Been Reﬂlaced
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stored in one ef”the plurality of memories used fo¥ the

picture segment to be predicted based upon the parameter

"and one of the transform methods correspondihg to the one

of the plurality of memories.

The encoder generates a prediction memory indication
information'signal indicating the one of the’plﬁrality of
memories used for generating the pfedicted picture and
transmits the predietioﬁ memory indication information
signal and the parameter to a decoding station so as to
genenate the predicted picture using the picture data
stored in the one of the pluralit& of memories based upon

the one of the transform methods corresponding to the one

. of the plurality of memories in the decoding station.

The decoder receives the parameter and a predietion
memory indicatien information sinal indicating the one of
the plurality of memories used for generating the
predicted picture from an encoding station, wherein the

prediction picture generation section generates the

predicted picture using the picture data stored in the

one of the plurality of memories based upon the parameter
and the one of ﬁhe transform methods corresponding to the
one of the plurality of memories.

Further, according to the present invention,-a
moving picture prediction system, for predicting a moving

picture to be implemented in at least one of an enceding

This Sheet Has Been R
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and a decoding, includes a plurality of memories for
storing picture data for reference to be used for

prediction, the plurality of memories being assigned to

different parameter effective value ranges, respectively,

and a pfediction picture generation section for receiving
a parameter rep?esenting a motion of a picture segment to
be predicted, for selecting one of the plurality_of
memories assigned to one of the ﬁarameter effective value
fanges including a value of the parameter,'and for
generafing a predicted picture using the picture data.
stored in a selected memory. |

- Still further, according to the present invention, a-
moviﬁg picture prediction system, for predicting a moving
picturé to be implemented in at least one of an encoding
and a decoding, includes a plurality of memories for
storing pipturé data for reference to be used for
prediction and'é pfediction picturé generation section
including a motion coﬁpensator-for receiving a parameter
répresenting a motién of a picture segment to_be
predicted, and for generating a predicted picture by
using the picture data stored in the plurality of |
memories based upon the parameter, and a memory update
unit for updating the picture data stored in at least one

of the plurality of memories at anfarbitrary timing.

The moving picfure prediction system predicts the
T -

T
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.m6ving picture in a moving picﬁure sequence having first

and second video objects, wherein the plurality of

memories includes separate first and second pluralities

- of memories corresponding to the first and second video

objects, respectively, and the prediction picture

generation section includes separate first and second

generators, respectively, corfesponding to the first and

second.video objects, wherein the first generator uses
the picture data stored in at least one of the first and

second pluralities of memories to generate the predicted

picture when predicting the first object, and generates

information indicating a use of the second plurality of

"memories for predicting the first object, the information

being added to the predicted picture.

The prediction picture generation section geherates
the predicted picture through a cﬁangé of either one of a
number and A sizé of the plurality of memories in

response to a change 1h the moving picture at each time

instance.

The predictidn picture generation section generates
the ﬁredicted picture in a limited use of memories fér
prediction in response to a change in the moving picture
at.eaéh time inéfance.

The prediction picture generation section genérafes

the predicted picture by calculating a'plurality of . the
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predicted pictures generated by using.the respective
picture data stored ih the plurality of memories.

The moving picture prédiction-sYstem further
includes a significance detector for detecting a fe#ture
parameter representing a significance of the picture
segment to be predicted, wherein the prediction picture
generation section generates the predicted piéture by
selecting at least one of choices of at least one.of a
plurality of prediction methods, the plurality of |
memories, and a plurality of memory update methods.

The moving picture prediction system further
includes a significance détector f;r detecting a
parameter representing at least one of an amount of bits
available for coding tﬁetﬁicture segment to be predicted,
an amount of change of the picture segment at each tihe
instance, and a significapce'of the picturé segment,
wherein the prediction picture generation section

generates the predicted picture by selecting at least one

of choices of at least one of a plurality of prediction

hethods,,the plurality of memories, a plurality of memory'
update methods.

The moving picture prediction system predicts the
moving picture on a video object basis,iwﬁerein the
moving picture prediction system further includes a

significance detector for detecting a parameter
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representing at least one of an amount of bits available
for coding a Yideb object to be prédicted, an amount of
change in the video object at each time.instance. ana a
significance of the video object, wherein the-pfediction
picture generétion sectioh generates the predicted |
picture by selecting‘af least one of choices of at least
one of a plurality of prediction methods, the-piu:ality
of memories, and a plurality of memory update methods.

The moving picture prediétion system further
includes a predicgion information encoder for encoding
prediction relating information bf the moving picture,
wherein the predi;tion picture géﬁeration section counts
times of 4 mémory.used for prediction and determines a
rank of the plurality of memories based upon a counted
number.of the times, wherein the prediétiqn information
encoder allocates a code length to the prediction
relating information to be encoded based upon thé rank of
a memory used fér prediction.

The plurality of memories includes at least a frame

‘memory for storing the picture data on a frame basis and

a sprite memory for storing a sprite picture.

The sprite mémory includes at least one of a dynamic
sprite memory involving a regular updating, and a static
sprite memory not involving the regular updating. |

The one of the transform methods corresponding to
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the one of the plurality of memories is at least one of a

parallel translation, an affine transformation, and a

- perspective transformation in an interchangeable manner.

10

Still further, according to the present inventioﬁ;-af
method for predicting a moving picture to be implemented

in at least one of an encoding or a’decoding. includes

the steps of storing picture data for reference to be

used for prediction in a plurality of memories,

corresponding different transform methods with the

.plurality of memories, respectiVely,'receiving a

"parameter representing a motion of a picture segment to

" be predicted, and generating a predicted picture using

15

20

_ 25

This Sheet

i

the picture data stored in one of the plurality of
memories used for predicting the picture segment based
upon the parameter and one of the transfofm methodé.being
correspondingﬂfo,the one of the plurality of memories.

The method for predicting a.moving picture further
includes the steps of generating a prediction memory
indication information signal indicatinglthe one of the
plurality of memories uéed for the picture segment to be
predicted, and transm;tting the prediction memory
indication informatidn signal and the parameter to a-
decoding station.

The method for predicting a moving picture is

implemented in the decoding, and further includes the
‘\_ -

eplaced
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step of receiving a prediction memory indication
informétion.signal indicating the one of the piurality of
memories used for generating the predicted picturé and
the‘parameter representing a motion of the picture
segmenf to be prgdicted from an encodiné station.

Still further, #ccording to the present invention, a
method, for predicting a moving picture to be impleménted

in at least one of an encoding and a decoding, includes

the steps of storing picture data for reference to be

'used for prediction in a plurality of memories, assigning

separate parameter effective value ranges to fhe
plurality of memories, respectively, receiving'a
parameter representing a motion of a picture segment to
be predicted, selecting one of the pluréiit& of memories
assignéd to one of the parameter effective value'ranées
including a value of the parameter, and generating a
predicted picture uéing the picture daté stored in a
selected memory. |

Still further, according to ?hé present ;nvention, a
method, for predicting a moving picture to be implemented
in at least one of an enéoding and a decoding, includes
the steps of storing picture data for reference to be |
used for; prediction in a plurality of memories,
receiving a parameter representing a motion'of a picture

segment to be predicted, generatlng a predicted picture

—_
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~using the picture data stored in the plurality of

memories based upon the parameter, and updating the
picture data stored in at least one of the plurality of-

memories at an arbitrary timing.

Brief description of drawings

Fig. 1 is a structural diagram of a moving picture

" encoder accor@ingito an embodiment of this invention.

Fig. 2 is a flowchart illustrating an operation of
the moving picture encoqer according to the emquimént of
this invention. |

Fig. 3 is a structurai diagram illustratiné the

configuratioﬁ of a motion compensator of the moving

'piéture encoder of the embodiment of this invention.

Fig. 4 is a flowchart illustrating an operation of
the motion compensator.
Fig. 5 1s a structural diagram illustrating the

structure of a memory update unit of the moving picture

encoder of the embodiment of this invention.

Fig. 6 is a flowchart illustrating an operation of
fﬁe memory update unit.. |

Fig. 7 is a strﬁctural diagram illustratiné the
configuration of a motion compensator of a moving picture
encoder according to another embodiment 6f this

invention. ' L T
| This 5 I
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Fig. 8 is a fiowchart illustréting an operation'of
the mofion combensatér of Fig. 7.

Fig. 9 is a structural diagram illustrating the
configuration of a motion compensator‘of a moving picture
encoder acéording to another embodiment of this
invention. |

Fig. 10 is a flowchart illustratiﬁg an operation of
the motion compensator of Fig. 9. {

Fié. 11 is a struqfural diagram of a.moving plcture
encoder according to another embpdiment of this
invention. | | )

Fig. 12 is alstructural di;gram showing the
configuration of a motion'éompensator of the moving
picturé encoder according to the embodiment of this
invention. |

Fig. 13 is a flowchart illustrating an operation of

" the motion compensator of Fig. 12;

Fig. 14 is a structural diagram iilustrating the

configuration of a memory ﬁpdate unit of a moving picture

encoder accofding to another embodiment of this
invention. |

Fig. 156 is a flowchart_illustrating'an'operatidn of
the memory update unit of Fig. 14.

Fig. 16 is a structurél diagram of a moving picture

encoder according to another embodiment of this
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invention.

Fig. 17 is a structural diagram.of a moving picture
encéder'according to another embodiment of this
invention.

Fig. 18 is a structural diagram of a moving picturé
.encodef according to another embodiment of this
invention.

Fig. 19 is a structural diagram of a moving picturé
encoder according to another embodiment of this
.in#entibn. -

Fig. 20 is a ‘diagram showing bit stream 21 according
to the first embodiment of this invention.

Fig. 21 is a diagrém showing bit stream 21 according
to the second embodiment of this invention.

Fig. 22 is a diagram showing bit stream 21 according
to the third emquimeht of thié invention. |

Fig. 23 is"a,diagram showing bit stream 21 according
‘to the sixth embodiment of this invention. |

Fig. 24 isla structural diagram of a moving picture
decoder accordihg to another embodiment of this
invention.

Fig. 25 is a structural diagram illustrating the
configuration of a motion compensator of the moving
picture decoder according to the embodiment of this

invention.
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Fig. 26 is a flowchart illustrating an operation of
the motion compensator.

Fig. 27 is an exemplary diagram of interpolatiog.

Fig. 28 is a flowchart illustrating an operation of
a meﬁory update unit of the moving picture decoder
according to the embodiment of this invention. -

Fig. 29 is an exemplary diagram of a videco data

- configuration according to the VM encoding system.

Fig. 30 is én exemplary diagram of a VOP data
structure.

Fig;-31 is a structural diagrqm illustrating the
configuration of a VM encoder.

Fig. 32 is a flowchart'iilustrating an operation of
the encoder of Fig. 31.

Fig. 33 is én exemplary diagram of VOP encoded tyées
and corresponding'pfediction types.

Fig. 34 is a structural diagram illustrating the

-~ configuration of a motion compensator of the encoder of

20

25

Fig. 31.

Fig. 35 is a flowcharf illustrating an operation of
the motion compensator of Fig. 34.

Fig. 36 is a étructural-diagram illustrating the
configuration of a memory update unit of the encoder of

Fig. 31.
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Fig. 37 is a flowchértaillustrating an operation of

the memory update unit of Fig. 36.

Best ﬁode for carrying out the invention
Embodiment 1. _
Fig. 1 is a block diagram showing the confighratibn.
of'én encoder according to a first embodiment and the
following embodlments.. The diagram illustrates an input
moving picture signal 1, texture data 2, # motion
detector 3, a mqtion parameter 4, a motion cdmpensator 5,
a predicted picture cahdidate 6, a prediction mode
selector 7, a prediction mode 8, a predicted picture 9, a
prediction error picture 10, a texture encodef 11, a
quantized DCT coefficient 12, a 1ocaily decoded
brediction error picture 13, a locally decoded picture
14, a memory updaté unit 15, a memory-a 16, é memory-b
17, a memory-c 18, a variable-length encoder/multiplexer

19, a transmission buffer 20, a bitstream 21, a scene-

change detector 80, and a timer 81. Particularly, the

motion-compensétor_S and the memory update unit 15 forms
a predicted picture generation'section 100 which
implemented a prediction system. Memories a, b, ¢ forms
a memory area 200. 1In the figure, ﬁortions not mentioned
in this embodiment will be discussed in the following

embodiments. Fig. 2 shows a flowchart illustrating an
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operating flow of the encoder.
This embodiment is based upon the assumption that a -

plural number, e.g. three, of memories, are used

adaptively according to the significance of an input

- moving picture based upoh such characteristics of motion

as an amount of motion and an intensity of color. It'is
also assumed that the content of an arbitrary memory
(afea), the memory-a for example, are updated at an
arbitrary period of time and a moving picture sequence is
received on a frame basis. |
(1) Input signal

As aforementioned, the encodef inputs a éfame
representing a picture at each time instance of the
moving picture sequence and decomposes the frame into the
encoding units of macroblocks which are one example of
picture segments subject to prediction (step Sl).. |
(2) Adaptive use of memories

The memories'store previously decoded pictures or

previously provided fixed pictures. In this embodiment,

the three memories are used_adaptively according to the
sighificance of a picture segment in a frame as follows.
The memory-a storés a least significant picture
segment (i.e., a background-like picture segment whose
motion_is static or flat and‘the texture is flat.) |

The memory-b stores a less significant picture
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segment (i.e., a pictuge segment of an object wﬁose
motion is relatively small.)

The memdfy—é étores a most significant picture
segment (i.e., a plicture segment of an object whose
mption is complicated or drastic.)
| The least significant pictyre segment to be stored
in the memory-a may be a'background picture segment in a
video conference scene or the like. The least
significant picture segment also corresponds to a.
background segment in a camera-work relating flat motion
scene of a full screen including slightly moving objects.

With this type of'motion, it is efficient to obtain a

frame based amount of a motion to substitute for a

. macroblock based motion, rather than to obtain a

macroblock based amount of a.motion. Specifically, a
transform parameter corresponding to the sprite warping
parameter discussed in the conventional art is obtained

and the transform parameter of a full frame is then used

as the motion parameter of a macroblock in the frame.

The motion parameter may be seledfed from among a simple
parallel translation parameter (=a motion vector), an
affine motion parameter involving transformation, and a _

perspective motion parameter involving transformation.

. Here, a motion vector is one example of the motion

parameter.
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The less significant picturegspgmgnt to be stored in
the memory-b may be a picture segment of a moving figure
who is not a speaker in a video conference scene or the

like. This segment type of the object may be considered

less .attracting in the scene. The most significant

picture segment to be stored in thé memory-c may be a

segment of an object attracting most attention in the.
video conference scene éuch as a speaker.

A picture segment stored in the memory-b or the
memory-c representiné'a unique type of motion of an
objéct should have a macroblock based unique motion'

parameter. The motion parameter of this case may be

_ selected from among the simple parallel translation

parameter (=a motion vector), the affine motion parameter

_1n€olving transformationl the perspective motion

'parameter 1nvolVing transformation, etc.

(3) Motion detection (step S2)

The‘motion detector 3 of this embodiment is designed

to detect an arbitrary transform parameter of the

respective three memories on a macroblock basis,
involving no distinction between a motion vector énd a

warping parameter in the conventional art. The motion

" detector 3 is provided with additional functions of a

global-motion parameter detection fbr detecting a frame

based transform parameter using the memory-a and a local-
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motion parameter detection for detecting a macroblock
based tfansform parameter usiné the memories a through c.
(4) Motion compensatidn (step S3) |

‘Fig. 3 shows the configuration of the motion

~ compensator 5 of this embodiment in detail. In the

figuré. a prediction picture memory address calculator
22;'a prediction picture memory address 23, a mémory
reader 24, aﬁd a refefence memory indicator signal 25
which is sﬁpplied externaliy are shown.- In this
embodimént, the reference memory indiqator.signal 25
indicates the use of thf memory a, b, c. Fig. 4 shows a
flowchart includi@g stebs S11 through S16 illﬁstrating an
operation of the motlbn compensator 5. '
Initially, with an I(Intra)-frame, no motion
compénsation is perfogmed {step S11). .With a frame other
than the I-frame, predicted picture candidates are
generated based.upon the global-motion and local—motion_

pafameters corresponding to the respective memories

~detected in the motion detector 3 (sfeps 512 through

S$15). Specificﬁlly, the prediction'picture memory
address calculator 22 calculates the prediction ﬁicture
memory address 23 of a predicted picture candidate in a
memqry identified by the reference memory indicator
signal 25 based upon the motion parameter 4. Upon

reception of the prediction picture memory address 23,
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the memory reader 24 reads out the predicted picture
ddndidate 6 from a éofresponding'memory to be outputted.
In this embodiment, the global-motion and local-

motion parameters are obtained through the same tranéform.
method, thereby allowing the motidn dompensator 5 of Fig.
3 to be shared by both global-motion and local-motion
parameter based approaches of generating a predicted
picture. When-genefating the predicted picture candidate
6 through the global-motion parameter, the memory-a is
always used,as_a referénce memory {(step 815).
(5) Pred}ction mode seiection (step S4)

| The prediction mode of this embbdiment is assumed to
include the following.
(a) a mode for using the memory-a,
(b) a mode for using the memory-b,
(¢) a mode for using the memory-c, and
(d) a mode for using an intré—frame coding signal.

Similarly té the discussion in the conventional art, the

prediction-modé selector 7 selects the predicted picture

' candidate 6 having the least power (amplitude) .of a

prediction error signal, for example, from among all the
predicted picture candidates 6 generated in the motion
compensator 5 along with=an~intra—frame coding signal,

and outputs a selected one of the predicted picture

"candidates 6 as the predicted picture 9 and an
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corresponding one of the prediction mode 8. The'
prediction mode 8 includes memory selection information
indicating a memory used for predicting the selected
predicted picture 9. 'The prediction mode 8 is
transferred to the variable-length enéoder/multipiéxer 19
to be encoded with an allocated length of code in tﬁe
bitstream 21 as prediction memory indication informdtion
800. |
(6) Memory updating

Tﬁe memory update unit 15 controls the memories to
be updated. Fig. 5 shows the configuration of the memory
update unit 15 of this embodiment in detail. In the
figure, an activity 26 used for updating the memory-a
(which will be discussed later), a memory-a update judger
27, a reference memory selector 28, switches 29, 30,
picture data 31 for updating the memory-a, picture data
32 for updating the memorj—b, picture data 33 for

updating the memOry-c,_and global prediction picture data

34 for updating the mémory-a are shown. Fig. 6 shows a

flow of a memory updating operation.

The memory updating operation of this embodiment has
the following procedure. Upon reception of the locally
decoded picture 14, the memory update unit 15 judges the
necessity of updating the memory-a with a frame including

the locally decoded picture 14 in the memory-a update
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judger 27 (step S17). The reference memory selector 28

selects a memory used for predicting the locally decoded

picture based upon the prediction mode 8 (steps S18,

S19). Then, a reference picture stored in a selected
memory is updated with one of the picture data 31, 32, 33
for updating the.memory-a, the memory-b, the memory-c,

respectively, and the global prediction pié¢ture data 34

'for updating the memory-a of the locally decoded picture

14 based upon the following rule. A membry is assumed to
be updated each frame on a prediction unit (macroblock)

basis. _
(1) Frame based regular updating of the memory-b and the
memory-c¢ (steps_SZO, 521):

The locally decoded picture 14 is written into
either the memory-b or the memory-c used for predicting

the picture.

(2) Frame based adaptive updafing of the mémory-a (steps

S22, S23):

The locally decoded picture 14 is written into the
memory-a used for predicting the picture for an arbitrary

frame only or at an arbitrary period of time based upon a

' memory-a update judgement 1000 obtained in step S17.

The content of memory—a-is the past record of a
time—unvarying picture segment such as a background

picture. This removes the necessity of the regular
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updating of the content of memory unless a full-screen

- involved complicated or drastic movement such as a scene

change occurs to cause a drastic change in the content of
a picture segment.

As aforementioﬁed, a frame based regular'updafing is
performed.with a éomplicated or drastic area of an
objéct, whereas a longer-term based updating is performed
with the content of the membry—a, thereby'achieving an

effective prediction with a background picture half

_visiblé ambng moving objects.

Viewed in this light, the_memory-g is updated in an

‘arbitrary period of time in this embodiment.

Specifically, possible arbitrary update criteria are as

follows.-

'.a. A full-screen content is updated all_at once with a

global-motion parameter indicating-a complicated or
drastic motion, whereas no updating operation is

rerformed with the parameter indicating a rather static

_motion.

b. A full-scréen content is updated all at once on a

predetermined period.basis, regardless of a frame based
period of -time.

c. A full-screen content is updated all at once only

with a frame immediately after a scene change detected.

In this embodiment, data as the arbitrary update
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criteria are generically called as the activity 26 used
for updating memory-a. Initially, the memory-a update

judger 27 judges whether to'update the content of memory-

-a based upon the activity 26 (step S17). Specifically,

'the activity 26 corresponds to a value of the global-

motion paraméter detected in the mot;on detector 3 with
the arbitrary update criférién—a. a fime stamp 6f the
current frame from the timer 81 with the arbitrary update
criterion-b, and a flag 1ndicating a scene change
detection-outﬁﬁtted frqm thelscene-change detector 80
with the arbitrary updaFe criterion-c.

When the content of meﬁoryQa is judged to be
updated, the content of the locally decoded pictﬁre 14 is
outputted as thélglobal prediction'picture data 34 for
updating the.conteht of the memory-a (step $23). _When no

updating is judged with the content of the memory-a, then

no updating is performed with the memory-a.

The memory-a'update Judgement 1000 of a frame is

_multiplexed in the bitstream 21 to be transmitted to a

decoding station so that the same updating of the memory-

~a can be performed with the frame in the decoding

station.
Fig. 20 is a diagram illustrating the bitstream 21
of this embodiment._

Fig. 20 is a conceptual diagram showing how frame .
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data are encoded in sequence to be transmitted. Each

‘ frame data is provided with header information at the

front as a frame based additional information. The

header information has the memory-a update judgement 1000

multiplexéd to be transmitted to a decoding station. The
.header information is followed by the cbmponent

' macroblock data of the frame. The macroblock data

include the prediction memory indication information 800
indicating a memory used for predicting the macroblock
data. " In a counterpart decoder, a hemory fof predicting
a predicted picture is specified based upon the
pfediction memory indication information 800 of.'
macroblock data to generate the predicted picture.
Although not shown in the figures, the memory-b
update information or/and the memory-c update information
ﬁay.be transmitted to the decoding station!along with, or
alterhatively to, the memory-a update jpdgement 1000.

The aforementioned encoder thus provides the

adaptive and efficient use of two or more memories in

response to the content of a moving picture sequence,

thereby enhancing prediction efficiency. Specifically, a

moving picture sequence is predicted based upon an

arbitrary transform parameter through an adaptive use of
two or more memories in response to the content and

characteristic of a moving picture sequence. This
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enables an efficient prediction of a moving pictﬁre-in-
response to a local characteristic of a picture by even
covering complicated motion. Wifh the enhanced

prediction efficiency, the encoder is allowed to reduce

picture qqality. The same predicfion system may be
employed by the counterpart decoder for decoding a
bitstream encoded through the prediction system of this
invention. |

This embodiment has thué disclosed the encoder
performing on a frame basis. The same effect may be
expected with an alternative encoder performing on an
arbitrary shaped video object (VOP) basis.

Further, this embodiment has thus disclosed the
éncoder_performing on a macroblock basis as the
macroblock being a picture segment subjected to
prediction. The same efféct can be expected with an

alternative encoder for encoding a picture on such a

picture segment hasis as an arbitrary shaped picture

segment and a variable shaped block including fixed-size
block components.
Further, this embodiment has thus disciosed the

global-motion parameter detection using the memory-a.

.Alternatively, a single use of the local—motion parameter

‘detection is. of course applicable involving no global-
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motion parametef detection. With no global-motion
detection, no necéssity occurs for transmitting
prediction information indicating a global/local
prediction as the prediction mode.

Further, this embodiment may include a special
memory for prediction which stores_refereﬁce picture data
previously generated based upon the content of thé moving
picture sequence. The special memory is not updated -
dufing an encoding operation.

Further, this embodihent has thus disclosed the case |

that memories a, b} ¢ store a picture segment each fime'
i

~and the memory update unit 15 updates one of the memories

a, b, ¢ each timei If fwo or all of the memories a, b, ¢
share to store a picture in part or fully, then the
memory updaté unit 15 updates éhe-two or all of-the
memories a, b, c. In the case of the memory-a being a
frame memory for storing a frame of referencg pictﬁré

data, the memory-b being a static sprite memory involving

the adaptive updating, and the memory-c being a dynamic

sprite memory‘involving the regular updating, the memory
ﬁpdate unit 15 does not update the memory-b as the static
sprite mémofy for storing previously fixed reference
picture data but updates the memory-a and the memory-c
concurrently when the memories store the same reference

picture segment. Thus, if a duplicated storage of the
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reference picture data occurs with the memories a, b, c,
theﬂlthe memory update unit 15 updateé a duplicated
segment stored in each memory.

The aforementioned can also be applied to the
fﬁllowing embodiments.

Further, this embodiment hgs-thus disclosed the use
of three memories a, b, ec, bﬁ% alternatively, two of'fhe -
memories may be utilized.

Further, a counterpart decoder may be provided with
the prediction picture generation section 100-1nc1uding
the same components as.the motion compensator 5 and the
memory update unit 15 discussed in this embodiment. A
motion compénsator provided in the decoder, having no
necessity of generating all the three predicted picture

candidates, generates a single predicted picture alone

based upon a decoded motion parameter.

Embodiment 2.

A second embodiment shows an encoder with a single
replacement of the motion compensator 5 of the encoder
shown in Fig. 1. The configqration and operation of a

motion compensator 5a of the second embodiment are now

" described.

Fig. 7 shows the configuration of the motion

compensator 5a of this embodiment in detail. The figure
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includes a reference memory determiner 35. Fig. 8 shows
a flowchart illustrating a detailed operation of the
motioﬁ compensator 5a.

Initially, with the I-frame, no compensation is
berfqrmed (step S24). With a frame other than the I-
frame, the reference memory determiner 35 determines a
reference memory based upon:é value of the motion
parametér.4 (step S25). The reference memory determiner
35 holds effective motion parameter vaiue ranges.(which
will be discussed later in detail) allocated,

respectivel&, to the memories a, b, ¢. The reference

memofy determiner 35 compares the respéctive effecfivé

- motion parameter value ranges with the-valué of the

motion parameter 4 to judge which memory 1is designated by

"the mofion parameter 4 and outputé a reference memory

indicator signal 25a for identifying the respective
memories a, b, c.

‘The effective motion parameter value ranges are

.effective search ranges allocated to the respective

memories for detecting a motion vector, for example.

Specifically, if 15 pixels are assumed to be given for a

total search value range, then the memory-a is chosen to

" be used for prediction in a range of 0 to 3 pixels, the

memory-b is used in a range of 24 to 8 pixels, and the

memory-c is used in a range of +9 to 15 pixels, for
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example. Hére, the reference memory determiner 35
operates only when the local-motion paraméter is used for
brediction. because the memory-a is exclusively used as a

reference memory-When the predicted picture candidate is

. generated based upon_thé global-motion parameter. This

motion-vector value based approach of idéntifying a
memory:to be used for prediction is based upon the
assumption that albackground picturé should include a
static motion and a most attractive bicture should
include a complicafed or drastic motion. This motion-
vector value based approach of identifying a memory for
prediction ihvolves no necessity of eﬁcoding the
predicfion mode to.be.tranémitted.

Next, the predicted picturé candidate 6 is generated
based upon the reference memory 1ndicator signal 2ba of a
selected memory (steps S26 through S$30). Specfficaliy,

the prediction pictﬁre memory address calculator 22

. calculates the prediction pictufe memory address 23 of

_the predicted picture candidate 6 in an identified memory

by_the reference memory ihdicator signal 25a based upon
thg motion parameter 4. Based upon the prediétion
picture memory address 23, the memory reader 24 reads out
the prediéted picture candidate G from the memory to be
outputted. |

As the global-motion and local—motion parameters of
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“this.embodiment are'based ﬁpon the same transform method,

both parameter based épproaches.can share the motion
compensator 5a of Fig.\7 for_generating the bredictéd
picture candidate. When reading out the predicted
pictﬁre candidéte 6 based upon the global—motion

parémeter {step S31), the memory—a is always used as a

‘reference memory.

The effective motion parametér value ranges may be
fixed on a movihg picture sequence basis, and
alternatively, changed on a frame basis; for example.
With the fréme based changes, the:effective motion
parameter value ranges assigned to the.respectIVe
memories of the frame are multiplexed in a bitstream to
be transmitted to a decoding station to perform the same
memory selection. |

Fig. 21 is a diagram showing the bitstream 21 of
this embodiment.

The bitstream is provided with header information

_added at the front on a moving picture sequence basis.

The header information includes effective motion
parameter value range indication information of thé
respective memories. By thus designating the efféctive
motion parameter value range indication information at

the front of a moving picture seQuence, the moving

'picture sequenée is predicted with the fixed effective



10

15

20

25

THIS SHEET HAS BEEN
REPLACED

43
motion parameter value ranges in a counterpart decoder.

When varying the effective motion parameter value
ranges each frame, the effective motion parameter
indication information is to be included in the header
information added on a frame basis.

lThus, the efficient and adaptive use of the memories
in response to the magnitudé of a lacal motion of a frame
‘can be provided by the encoder including tpe motion
compensator 5a, thereby enhancing prediction efficiency.

This embodiment has thus disclosed the enéoder
performing on a frame basis. The same effect may}be
expected with an alterhative encoder pérforming on an
arﬁitrary shaped video object (VOP) basis.

Further, this embodiment has thus disclosed the
encoder performing on a macroblock basisk The same:
effect may be expected with an alternative encoder for
encoding a picture on such a picture segment basis as an

arbitrary shaped picture segment and a variable shaped

_block including fixed-size block components.

Further, this embodiment has thus disclosed the
globai-motion parameter detection using the memory-a.
Alternatively, a single use of the local-motion parameter
detection is of course applicable involving no global-
motion.parameter detection. No global-motion detection -

involves no necessity for transmitting'information

—
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indicating a global/local predictien as the prediction
mode.

Further, a counterpart decoder may be provided with
the prediction picture generation section 100 including
the same component as the motion compensator 5 discussed
in this embodiment. In the decoder;,a motion compensator

only generates a single predicted picture based upon a

decoded motion parameter.

Embodiment 3.

Aqother'embodiﬁent showelan encoder having a single
replacement of the motion compensator 5 of the encoder of
Fig. 1. The configuration and operation of a motion
compensator 5b are now described. A motion detector 3a
emplojed in this empodiment is assumed to output an
amount of the parallel translation, the affine parameter,
and the perspective parameter as motion parameters 4a.

Further, the memory-a of this embodiment is assumed

to be a frame memory for storing a reference picture

frame, the memery—b 1s assumed to be a static sprite.
memory, and the memory-c is assumed to be a dynamic
sprite‘memory;'

Fig. 9 shows fhe configuration of the motion
compensator 5b of.this embodiment in detail. In the

figure, a parallel translation amount 36 (i.e., a motion
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vector), an affine parametet 37, a perspective parameter

38, a parallel-translation based prediction picture

memory address calculator 39, an éffine parameter based
prediction picture meméry address calculator 40, and a
perspective paraméter based prediction picture memory
address calculator 41 are shown. Fig. 10 is a flowchart
illustrating the operation of the motion compensator 5b
in detail. .

Initially, with the I-frame, no prediction is
performed (sfep S33); ~With a frame other than the I-
frame, the prediction picture memory address calculators
39 through 41 calculate fhe respective prediction picfure
memory addresses 23 based upon the respeétive values of
the motion parameters 4a (step S34).

The memory address calculators 39, 40, 41 calculate
addfeSses based upon picture transform methods aésigned,
respectively, to‘the corfesponding memories. In'fhis

embodiment, the parallel translafion is assigned to the

memory-a, the affiqe parameter involving such a simple

transformation as a rotation and an expansion/contraction
is assigned to the memory-b, and the perspective

parameter involving a three-dimensional complicated

" motion is assigned to the memory-c. These transform

methods may be expressed by the following transform

expressions.
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{Parallel translation]

Amount of parallel translation (a, b):
X'=x+a |
y'=y+b

[Affine transform]

Affine parémeter (a,b,c,8):
x'=é(cos0)x+a(sine)y+b
y'=a(-sinf)x+a(cosb)y+c

[Perspective tfansférm]

Perspective parameter (a,b,c,q,e,f):
x'=(ax+by+c)/(gx+hy+1)
y'=(dx+ey+f)/(gx+hy+1)

Here, (x, y) in a'two-dimensional coordinate system

-represents a pixel location of an original macroblock.

{(x', y’)'represehts a pixel location in a memory
corresponding to (X, ¥y,) based upon each of the
parameters. That is a location in a memory (x', y') is

calculated based upon these parameters. Through this

mechanism, a memory most suitable for the characteristié

of a motion can be chosen to be used for prediction on a

" macroblock basis. With calculated prediction picture

memory addresses 23 based upon the respective motion

" parameters 36, 37, 38, the memory reader 24 reads out the

predicted picture candidates 6 from corresponding

memories to be outputted (steps SSS through S39).
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The tranéform.methods assigned to the respective
memofiés of the frame are multiplexed in the bitstream 21
to be transmitted to a decoding station és a motion
detection method indication information so that- the same
motion compensation can be performed in the decoding
station. o _

Fig. 22 is a diagram showing the bitstream 21 of
this embodiment. | |

Header information added at the front of a moving
picture sequence includes the motion detection method
indication information. In the encoder, the
transformation typés to be used in the respective
memories are interchangeable, and thus the.motion
detection method indication ihformation indicating a

memory-transform method relation is to be transmitted to

the counterpart decoder as the header information of the

moving picture sequence. Thus, transformation types

assigned to be used with the respective memories can be

- identified in the decoder.

In thendeéoder, the identified transformation types
are dynamiéally assigned to the respective: memories.

Thus, the efficient and adaptive use of the memories
in response to the characteristic of a local ﬁotion of a |
frame is provided by the encoder-including the motion

compensator 5b, thereby enhancing prediction efficiency.
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This embodiment has thus disclosed the encoder
performing on a frame b#sis. The same effect may be
expected with an alternative éncOder performihg on an
a:bitrary shaped video object (VOP) basis.

| Further, this embodiment has thus disclosed the
~encoder performing on a macroblock basis. The same
effect may be expected with an aiternatiﬁe ehcoder for
encoding a picture on such a pieture segment basis as an
arbitrary shaped picture segment and a variable shaped
block including fixed-size block components.

Further, this emPodiment*has.thus disclosed the
global-motion parameter detection using the memory-a.
Alternatively, a single use of the local-motion paramefér
detection i; of éburse applicable involving no global-
motidn”parameter detection. No global-motion detection
involves no necessity of transmitting information of a
global/local predictibn as tﬁe prediction mode.

Further, this embodiment has thus disclosed the use

" of the memories a, b, and c¢. Alternatively, the use of

memories a and b alone, memories a and c¢ alone, or
meﬁories b and ¢ alone, is also applicable.

Further, a decoder may be provided with the
prediction picture éenerating section 100 including the
same component as the motion compensator 5b discussed in

this embodiment. A motion compensator in a decoder only

This Sheet Has Been R
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generates a single predicted picture based upon a decoded

motion parameter.

Embodiment 4.

Another embodiment shows an encoder which receives.a
plural number, two for éxample, of different video |
objects, having shape information, intermingled in a
moving picture sequence for a collecfive éncoding. 'Fig.
11 shows the configuration of the encoder of this
embodiment. | | |

In the figpre, an input picture frame 42, an object
separator 43, object data 44a, 44b, shape blocks 45a,
45b, switches 46a, 46b, shape encoders 47a, 47b, |

compressed Shabe block data 48a, 48b, locally decoded

'shape blocks 49a; 495. texture data (macroblocks)

50a,50b, motion detectors 5la, 51b, motion parameters
52a, 52b, motion compensators 53a, 53b, predicted picture

candidates 54a, 54b, prediction mode selectors 55a, 55b,

prediction mode information 56a, 56b, predicted pictures

5Ta, 57b, prediction errbr signals 58a, 58b, texture .
encoders 59%a, 59b, comﬁressed'texture data 60a, 60b,
locally decoded prediction error signals 6la, 61b,
locally decoded macroblocks 62a, 62b,.a memory update
unit 63, memory-a 64, memory-b 65, memory-c 66; remory-d

67, memory-e 68, memory-f 69, variable-length encoders
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70a, 70b,. a multiplexer 71, a buffer 72, a bitstream 73,
a memory section 94, an object¥A encoder 88a for encoding
an object-A, and an object-B encoder 88b for enéoding an .
object-B are shown. The object encoders 88a, 88b are
structurally identical to each other with the identical
components.' |

This encoder inputs the picture frame 42, which is
decomposed into the encoding units of objects in the
object sepafator 43. The object separator 43 is assumed
to be assigned a'précessing method arbitrarily.

The shapé information of an object is tfansferred to
the shape encoder 47a, 47b in a form of the shape block
45a, 45b to be encoded, and then transferred to the
variable-length encodér 70a, T0b as the compressed.shape
block data 48a, 48b.

‘The motion detéctdr 5la, 51b detects a motion

parameter based upon the locally decoded shape blbck 49a,

49b in the same manner as that of the VM encoding system.

A motion parameter can be detected on a macroblock basis

by using all the memories a through f.

As a rule, however, the memories a through c¢ are
designed to be used for an object-A to be encoded in the
object—A_encbder 88a, and the memories d through f aré.
designed to be used for an object-B to be.encoded in_the

object—B encoder 88b.
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Also, as fdr a motion type, an arbitrary transform
parametef is assumed to be detected on a macroblock basis
with all the memories in the memor& section 94, in&olving
no distinction between the motion vector and thé-warping
parameter. |

The motion-combensator 53a, 53b generates all the
predicted picture candidates 54a, 54b based upon the
respective motion parameters 52a, 52b. Then, in the-

prediction mode selector 55a, 55b, the predicted picture’

57a, 57b is obtained along with the prediction mode

information 56a, 56b. .The predicted picture 57a, 57b ié
then differentiated from an origindl_signal or the
texture data 50a, 50b to obtain the prediction error
signal 58a, 58b, which is encoded in the texture encoder
59a, 59b to be transmittéd to the variable-length encoder

70a, 70b. The locally decoded prediction error signal

. B8la, 81b is added to the predicted picture 57a, 57b to

obtain the locally decoded macroblock 62a, 62b to be

7

: stored into the memories a through f in accordance with

an indication by the memory update unit.
Object A/B data when encoded in the object-A/B

encoder 88a, 88b are maltiplexed in the bitstream 73 at

- the multiplexer 71 to be transmitted via the buffer 72.

The prediction of this embodiment is discussed below

- focusing on the motion compensator 53a, 53b playing a
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primary role in the prediction.

The motion compensator 53a, 53b of this.embbdiment
generates a predicted picture candidate based upon the
motion parameter 52a, 52b detected.in the motion detector
51a, 51b. Fig. 12 shows the configuration of the motion
compensator 53a in detail. Fig. 13 shows a flowchart
illustrating the operation of the motion compensator 53a
in the object;A encoder 88a.. )

In Fig. 12, an object-B reference judger 74a and an
object-B reference indicator flag 75a are shown.

The motion parameter 52a_inc1uqes mémory information
used for detection. A predicted picture candidate ié
generated Based upon a parameter value through the
prediction picture memory address calculator 22a and a
memory'reade; 24a in.the same manner as that statéd in’
the first embodiment (step S44 through step S49). 'Theil
object-B reference judger 74a judges if the memories

assigned to object-B are used for predicting the current

macroblock based upon the reference memory information

included in the motion parameter 52a (step S43).

The object-B reference Judger T4a outputs a judged
result as the object-B reference indicator flag 75a,
which is multiplexed in the bitstream 73 to be
transmitted to a decoding station so as to be used for

deciding whether the objéct can be feproduced in a single
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use of the memories a,.b, ¢ of self in the decoding

station. In order to secure the single use of the

~memories of self when reproducing the objeet in the

Idecoding stapion, a limited use of the memories_(a, b, c
aione) of self for predietion can be controlled by an
externally supplied:signal 85a at the time of encoding
the object.

Thus, the efficient and adaptive use of the memories
in response te the charactefistic ef a local motion of a.
fraﬁe is provided by the_enceder including the motion
compensator 53a,.53§.-thereby achieving an efficient
predicfion.

~This embodiment has thus disclosed the encoder for
encoding an object on a macroblock.baSis. The same °
effect may be eXpected with an alternative encoder for
encoding a picture on euch a picture segment basis as an
arbitrary shaped picture segment and a variable sﬁaped
block including fixed—size bleck componente.

Further, a decoder may be pfovided with the same
components as the motion compensator 53a, 53b of this
embodiment. A motion compensator 53 of the decoder only
generates a single predicted picture based upon a ﬁecoded
motien parameter. _Further, if the decoder is structured
so as to acknowledge ﬁhether a decoding object can be

reprdduced by itself by way of decoding a bit
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corresponding to object reference indicator flag 75a, 75b
of the other object in a bitstream, then an error-free

secured reproduction of decoded object data can be

achieved.

Embodiment 5.

 Another embodiment shows an encoder where the number
of memories or the size of a memory can be varied
flexibly in response to a'change in a video bbject at
each time.instance. The encoder of a fifth embodiment
modifiee the encoder of Fig. 1 ﬁith a replacement of the
memory update unit 15.

Fig. 14 shows the configuratioh of a memory update
unit 15a of this embodiment in defail. In the figure, a

memory‘expansion judger 76, a memory expansion indicator

sighal 77, and a memory contraction judger 78, and a

memory contractioﬂ indicator signal 79 are shown. Fig.

15 shows an operating flow (step S51 through S63) of the

memory update unit 15a.

A picture substantially different from the pasf
record of a moving piéture sequence stored in the
memories may occur due to a scene change or the 1ike;.
This may cause a deterioration of prediction efficiency
after the scene change if feference pietures stored in

the‘existing memories are the only available. For such
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‘an occasion, the scene-change detector 80 detects a scene

change, a frame appearing immediately after the detected

scene change is subject to intra-frame coding or the

-1like, and resultant intra-frame coded data are stored

additionally.in a memory as new reference data, thereby
enhancing prediction efficiency thereafter.

| Further, in consideration of the physical limitation
of storage capacity, a flexible approéch of contracting
the portions which are rarely used for'prediction of the

reference pictures stored in the memories is introduced.

-Sﬁecifically. the frequency in use of memory areas for

prediction of the respectivezmemories a, b, ¢ is examined
Ih the memory update unit.15a based upon the prediction
mode 8. Consequently,- the membry update unit releases a
memory. area identified low in frgquency from an area for
use. For eiample; with a software based implementation
of this encoder; limited RAM resoﬁrces may be used
effectively.

Viewed in this light, the memory update unit 15a of

. this embodiment is provided with a function of expanding

a memory area in response to each time instance of a

time-varying moving picture sequence and contracting a

" memory area including a reference picture rarely used for

prediction.

The memory-a, similarly to the first embodiment, is
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Judged in the memory-a update judger 27 whether to be
updated (sfep S50). When updating the memory-a, the
locally decoded piéture 14 is writteﬁ into the mémory—a
(steps S§56, S57). The_locally decoded picture 14 is
written.into the othér memories as well in accordance
with the prediction mode 8 (step S51 through S55).

The updating of the contents of the memories
involves the judgement of memory expansion/contréction.
The memory expansibn Jjudger 76 judges whether to expand
the size of the memory-a {or the memoryéb, or the meméry-
c) based upon the activity 26 used for updating th%

memory-a (steps 858 through S60). When a positivé

_judgement is made due to a scene change or the like, the

'expansiqn of the memory is indicated by the memory

éxpansion indicator signal 77. The memory contraction
judger 78 counts the times of a memory area used for
prediction based upon the'prediction mode 8. With a

memory area counted less than a predetermined number in

use for prediction, the contraction of the memory area is

' 1hdicated by the memory contraction indicator signal 79

(steps S61 through S63).

Thus, a highly efficient prediction can be achieved

" in response to each time instance of a time-varying

moving picture sequence'by the encoder including the

memory update unit 15a. In addition, the dynamic
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allocation of memory 5reas required for prediction
contfibutes to the enhancement of prediction efficiency
and the effective use of memory resources.

This embodiment has thus disclosed the encoder
performing on a frame baéis. The same effect may be
expected with an alternative encoder performing on an
arbitrary shaped video object (VOP) basié.

Further, this embodiment has thus disclosed the
encoder for encoding a frame on aimacroblock'baéis. The
same effect can be expected with an alternative encoder

for encoding“a piéture on such a piéture segment basis as

‘an arbitrary shaped picture segment and a variable shaped

block including fixed-size block components.

Further, a counterpart.decoder may be provided with
the same.compoﬁent as the memory update unit 15a
discussed in this embodiment.

Embodiment 6.

With reference to the respective previous
embodiments, thé memories to*bé used for prediction are
changed on a macroblock bésis. Altefnétively, the
memories to be used for prediction can be changed on a
frame or a video object basis. This eliminates the
necessity of encoding mémory relating'informatioﬁ to be

encoded on a frame or a video object basis and memory
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selection'infbrmation (which is included in the
prediction mode 8) to be encoded on a macroblock basis,
tﬁereby achieving an éfficient encoding; _

With reférence to the encoder of.Fig. 1 of the first
embodiment, for example, the macroblock based changeé of
the memories used fof,prediction create the necessity dfl
transmitting additional information.identifying a memory
used for prediction on a ﬁacroblock basis. According to
this embodiment, thé changing unit of the memories to be
used for prediction is limited to a frame or a video
opject, thereby eliminating the additional information to
be transmitted on a macroblock basis effectively. Fig..
23 shows a diffefence of the transmission bitsffeam 21 of
this.embodiment from the transmission bitstream 21 of

Fig. 20 of the first embodiment. The bitstream of Fig.

23 represents a frame based change of the memories to be

used for prediction with the prediction memory indication
information 800 included in frame based header

_information. The bitstreaﬁ of Fig. 23 may be effective,

for example,  in the case that the-picture characteristic
of-a moving picture sequence changes infrequently

including little changes locally on a macroblock level.

" Further, a decoder may be provided so as to decode the

thus encoded bitstream to reproduce a frame or a video

object.
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Embodiment 7.

With reference to the previous embodiments, two
predicted picture candidates read out from
an arbitrary plural number, two (é.g.,'memories a and b)
for example, of the memories are subject to an arithmetic
mean to obtain a picture as a member of the predicted
piéture candidates 6 or as the predicted picture 9. °
Further, a decoder may be provided so as to decode the
thus encoded bitstream to reproduce a frame or'a'yideo

object.

Embodiment 8.

With reference to thie encoders of the previous

_embodiments, a previously detected feature parameter

representing the spatial complexity, perceptual

éignificance and the like of a picture segment as a

" prediction unit may be utilized as tools for deciding a

prediction mode and for judging the updating of the

memories.

For example, a moving picture is aséumed to include
a motion too complicated to encode data in an acceptable
quality within a given amount of encoding. In this case,

significance is examined on a4 prediction picture segment

'(é.g., a macroblock, an arbitrary shaped picture segment,

an arbitrary shaped block) basis. Consequently, a low
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quality encoding is assigned to some extent to a less
significant_segmént in order to save some 'amount of
encoding for a more significant segment, thereby
improving an overall picture quality. With-the encoders
of this invention where two or more memories are switched
interchangeably at an arbitrary timing to be'used for
prediction, a more adaptive prediction can be achieved in-

response to the characteristic of a picture, through

'~detecting a feature parameter representing the

significance of a prediction picture segment and then
determining the use of the.memories dynamically based
upon'a detectéd feature parameter. For example, as shown
in Fig. 16, a segment—significance'detector'95 is
provided: for detectihg the feature parametef on a segment
basis to determine the significance of the segment. The
segmenthignificance detector 95 transfers a segment-
siénificance to a.predictioﬁ mode selector 7a and a

quantization parameter based upon the segment-

significance to a texture encoder ila. With a - segment

judged more significant in the segment-significance
detector 95, a most complex mode among two oOor more

prediction modes available is used for prediction.

" Specifically, refé:ence pictures from the respective

"memories a, b, ¢ are used to obtain the motion parameters

and the predicted pictures,"respectively, based.upon a
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complex motion model. 1In the prediction mode selector
7a, a prediction mode having the highest prediétion
efficiency is selected from among modes including én
arbitrary combination (e.g., an arithmetic mean) of the
predicted pictures. At the same time, reference pictures
of all the memories used for prediction are ﬁpdated. The
texture encoder l1lla performs an encoding using_a

quantization parameter having a smaller quantization step

size. With a less significant segmént, a simplified

prediction mode:(i;e.} a parallel translation amount
detection using a siﬁgle memory) is employed for- i
prediction and a quéntization parameter having a larger
quantization step sigze is'utilized for encoding,
regardless bf thé amplitude of an obtained prediction
error s1gna1; so that an amount of ehcoding be reduced.f
Through this contéol. a less significant segment reduces

its picture quality to some extent and a more significant

segment maintains its quality through a high-quality

_prediction, thereby improving an overall quality within a

given amount of encoding.

Embodiment 9.
-In an encoder where a moving picture sequence is
predicted and encoded by using two or more memories, a

parameter representing an amount of encoding available



10

15

20

25

62 i
for the moving picfure sequence at each time instance, an
amount of a change in a scene at a certaih fime instance
(e.g., a-scene change detection), or the feature
parameter or significance of a predibtion picture segment

described in the eighth embodiment may be detected

previously. The values of these parameters may be used

. for predicting a picture at a particular time instance in

a prediction system. . Aiternativeiy,:theée values may be
utilized as judging tools foreselectingaé reference
memory area in a prediction system. ‘A frame-significance
detector 96 may be provided for determining thé
significance on a frame basis as shown in Fig. 17. The
frame-significance detector 96 detects, for example, an
aﬁount of a change in a motion between the current and
the previous fréme (e.g., a scene change detection by the
scene change detector 80), the appearance of a new object
or the disappearance of an object or the like. A final

significance of the current frame is determined in

 consideration of an amount of encoding available for the

current frame informed by the transmission buffer 20.'
Based upon the final significance, a more significant

frame may be predicted by using all the prediction

" methods and reference memory areas available for the

maximum possible improvement of prediction efficiency,

whereas a less significant frame is predicted in a
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limited use of the prediction methods and the reference
memory areas for a simplified encodihg so as to reduce
the throughput. An élternative encoder for performing:
1ntra-fraﬁe coding alone involving no prediction at a
scene change may be possible. In addition, a more
sophisticated quality controllmaj be achieved with a
jéint use of the segment-significance detector 95
discussed in the eighth embodiment. Through this
control, a less significant frame reduces its quality to
some egtent and a more significant frame maintaihs its
quality'by a high-quality prediction, thereby improving
an overall picture quality withiﬁ a given amount of
encoding.

The idea of this embodiment is also abplicable td a

- software based encoding being associated with unsteady

transaction processes and unsteady size of available

" storage in order to achievé an.efficient encoding in the

maximum use of available resources. This reduces a

throughput with a less significant frame, thereby

accelerating a general processing speed.

Embodiﬁent 10.
In an engodér where a moving picture sequence
including two or more video objects is predicted and

encoded by using two or more memories, as shown in Fig.
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11, a pafameter representing a gross amount of encoding
available for the sequence, an available amount of
enéoding of a video object at éach time instance, an
amount 6f a change in a video object at each particular
time instance (e.g., the appearance/disappearance of an
object), a level éf significance/attention of a video
object in a particular scene, or the feature barameter or
significance of a prediction picture segment discussed in

the eighth and ninth embodiments may be detected

previously. The values of these parameters may be

utilized for predictingla video object at each particular
time instance. Alternatively, these values may be
utilized as jﬁdging fools for selecting a reference
memory area. -

For example, as shown in Fig. 18, significance

" detectors 97a through 97n responsive, respectively, to

objects 1 through n may be provided for detecting a

parameter representing an amount of a change .in an object

at each time ihstance, or the appearance/disappearance of
an object. In_addition, the significance of an object at

each time instance is determined in consideration of tﬁe

occupational proportion of a buffer 72x for storing the

- encoded data of all the objects and the occupétional

proportion of virtual buffers 72a fhrough 72n for the

respective objects. When a new type of segment appears
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. as a result of an object having another object overlapped

inzpart. for example, then the following control may be'
applied to- this typé of segment because this type of
segment has a great influence on prediction efficiency
thereafter. A higher significance may be assigned to
this type of segment to obtain an'encoded picture in high
quality even without enough space available for storage
in the qorrgsponding virtual buffer of the object.
Significance_detected in the significahce detectors 97a
through 97n is transferred to object 1.through N encoders
98a through 98n, where a full use of the prediction
methods and the reference memory areas available is
allowed to a more siénificant object so as to improve
prediction efficiency to the maximum, whereas a limited
use of the prediction methods and the reference memory
areas is assigned_to a less significant object so as to

simplify the encoding, thereby reducing the throughput.

"Further, with an encoder for encoding objects decomposed

from a frame through a real time separation, when a

considerable amount of a change occurs in the contents of

the object due to the appearance of a new object or the

disappearance-of an existing object, the object may be

‘subject to intra-frame coding alone with no prediction

involved. A more sophisticated quality control may be

achieved on a prediction segment basis of an object in a



10

15

20

25

66.

joint use of the opject 1 through N encoders 98a through'
98n and the segment-significance detector 95 discussed in
the eighth embodiment. Through this control, a legs.
significant object is reduced in quality to some extent
and a mofe significant object manages to maintain its
quality through a sophisticated prgdiction. thereby

improving an overall qﬁa}ity within a given amount of

encoding.

Embédiment 11.

An alternativF'encoder may be provided with a
prediction information encoder 91 for allocating a code
(encoding) to prediction reléting.encoding information
(e.g., a reference memory number) as shown in Fig, 19.

In the encodér where. a moving_picture.sequence;or a

video object is predicted and encoded by using the'

‘memories a, b, ¢, the memories may be ranked based upon

frequency in use for prediction with ranks being updatéd

dynamically during an encoding operation. Consequentiy,

a code allocation is performed to the prediction relating
encodihg information (e.g., a reference memory number)
'based upon the ranks of the respective memories used for
prediction in the prediction information encoder 91.

For example, in the encoder of Fig. 19, the memory

update unit 15b may be provided with a counter 92 which
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counts the times of the respeetive memories a, b, ¢ to be
used for prediction, ranks the nemories a, b. ¢ based
upon counted values, and eutpute resultant ranking
information 96. This ranking may be performed on a
picfure (VOP) basis at a particular time instance of a
frame or a video object, and alternatively, on a smaller

unit besis of a prediction picture segment (e.g., a

macroblcok, an arbitrary shaped segment, and an arbitrary

'shaped block).

: This shows how often the~respective memories are
used for prediction. A memory in a frequent use for
predietion is the most significant for prediction, and
thus,-a high frequency in use for reference corresponding .
to a high_rank.

‘When encoding information on the frequency in use
for prediction ef-the memories on a prediction picture
segment basis, a memory in a freduent use for reference

(i.e., a high-rank memory) is allocated a short code to

_enhance encoding efficiency.

In addition, if the motion parameter detected on a
prediction picture segment basis is allocated a code

length in response to the rank of a memory used for

" reference, then a shorter code may be assigned to a

motion parémeter value generated frequently, thefeby

achieving an efficient encoding of the prediction
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1nf0rmatioh. This may be materialized with an
alternative encoder where the prediction information
encoder 91 in the variable-length encoder/multiplexer 19

receives the ranks of the respective memories from the

counfer 92 in the memory update unit 15b and encodes the

_prediction information usihg a variable-length code based

upon the ranking_information 90. '

. Embodiment 12.

Fig. 24 shows the configﬁration of a picture decoder
where an encoded digital picture through compression is
reproduced through expansion according to another
embodiment. In the figure, the encoded bitstream 21, a
variable-length decoder 119, the quantized DCT
coefficient 12, a quantization orthogonal transform
coefficient 12a, a quantization stép 12b, a texture

decoder 111, a dequantizer 111la, an inverse orthogonal

. transformer 111b, a decoding adder 190, a decoded picture

101, a display controller 191, the prediction mode 8,

memory—b update information 1001, memory-c update
information 1002, the motion vector 4 (a motion

parameter), the prediction memory indication information

'~ 800, an in-screen location 195 of a prediction picture

segment, a motion compensator 105, a memory—a'lls, a

memory-b 117, a memory-c 118, a memory update unit 115,
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and a predicted picture 106 are shown. The motion
compensator 105 and the memory update unit 115 form a
pfediction pictﬁre éeneration section 100a. The memories
a, b, ¢ form a memory area 200a.
According to this embodiment, the memory-a is
assumed to be a frame.memory designed to store a frame of

picture data, the memory-b is assumed to be a static

- sprite memory, and the mémory—c is assumed to be a

dynamic sprite memory . The decoder of this.embodiment is
assumed to receive the bitstream 21 of Fig. 22. Although
not shown in Fig. 22;_the mémory-b update information
1001 and the mémory-c update 1nformation 1002 are assumed
to be transmitted in the bitstream. The memory—b.update;
infofmation 1001 is assumed to include an update
indication for a full updating of the static sprite
memory and picture data for the full updating.

Similarly, the memory-c¢ update information 1002 is

assumed to include an update indication for a full

_updating of the dynamic sprite memory and picture data

for the full updating. .
The operation of the thus configured decoder is

described below. ‘The variable-length decoder 119

" analyzes the bitstream 21 and decomposes it into separate

encoded data. The quantization orthogonal transform

coefficient 12a is transferred to the dequantizer 119a to
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be dequantized by using the quantization step 12b. A

dequantized result is subject to inverse orthogonal

transformation in the inverse orthogonal transformer 111b

to obtain a decoded texture, which is transferreﬁ to the
decoding adder 190. Orthogonal transformation employed
here is the same as that employed in an ehcoding etation
such as Discrete Cosine Tfansformation (DCT).

The motion compensator.los inputs the motion vector
4, the prediction memory 1ndicefion information 800; and
.1nformation indicating the in-screen location 195 of a
prediction picture segment 1nc1udeq-in the bitstream 21,

all of which are decoded in the variable-length decoder

'119. The motion compensator 105 reads out a.right

predicted picture from reference pictures stored in the

memories a, b, ¢ based upon the three kinds of

‘information. The in-scréen location 195 of a prediction .

picture segment can be obtained by counting the number of

| macroblocks, other than from the information included in

the bitstream. The process of generating a predicted

.picture will be discussed ih a later section for

" describing the operation of the motion compensator 105 in

detail.
The decoding adder 190, based upon the 1nfermation

of the prediction mode 8, outputs an output from the

inverse orthogqnal transformer 111b directly as the
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_deéoded picture 101 with a block through intra-frame

coding, and, with a block through inter-frame coding,
adds an output from the inverse orthogonél transformer
111b to the predicted picture 106 to be outputted as the
decoded picture 101. The decoded pictufe 101 is ﬁ

transferred to the display controller 191 to be outputted

'tb a display device and also transferred to the memories

a, b, ¢ to be stored as a reference picture for a later

use in decoding. A memory writing operatidn is

. controlled by the memory update unit 115 based upon the

predictionxmode_s.

A prédicted picgure generation performed in the
motion compensator 105 in the prediction picture
géneration section 100a is now discussed. According to
this embodiment, the prediction method of a picture is
determined based upon the prediction memory indication

information 800. The decoder of this embodiment

generates a predicted picture using a reference picture

"through predetermined coordinate transformation.and

-ihterpolation based upon the motion vector 4 and the

prediction memory indication information 800. Coordinate
transform methods are assigned previously to the
respective memories to be used. for prediction. For

example, the'folloWing approaches are possible similar to

‘the picture transform methods described in the third
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embodiment.

.(1) the memory-a used for brediction (with the

prediction memory identification information 800

.indicating the use of the memory-a)

The coordinatés of each pixel of a prediction

' segment are translated based upon the motion vector and

picture data at a corresponding location in the memory-a
1s read out as the predicted picture;_ |
(2) the memory-b used for prediction (with the
prediction memory idehtification 1nformation 800
indicating the use of the memory-b) ;

An affine transform expfession is'found based upoﬁ
the motion vector, the coordinates of each pixel of a .
prediction segment are displacednbased upon the transform
éxpression, and picture data a£ a cofresponding location
in the memory-c is read out as a predicted picture.

(3) the memory-c¢ used for prediction (with the

prediction memory identification infbrmation 800

indicating the use of the memory-c)

A perspective transform expression is found based

upon the motion vector, the coordinates of each pixel of

a prediction segment are displaced based upon the

"transform expression, and picture data at a corresponding

location in the meﬁory-b is read out as a predicted

picture.
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Fig. 25 shows the configuration of the motion
compensator 105 in detail.. In the figure, a switch 161,
a corresponding point determiner 182 for the memory-a, a
correspending point determiner 163 for the memory-b, a
corresponding point determiner 164 for the memory-c, a
memory read address generator 165, a switch 1686, end an
interpolator 167 are_shown. .Fig. 26_is a flowchart
illustrating the oﬁtation of the motion compenSator 105.

The operation of the motion compensator 105 of this
embodiment is described belew-with reference to Figs. 25
and 26. |
1) Determining-a cOrrespondiﬁg point

Initially, the corresponding point determiner of a

corresponding memory is selected by the switch 181 based

upon the prediction memory indication information 800.

The vector 4 is then inputted to a selected corresponding
point determiner. In this section, a predicted picture

location cerresponding to each memory is calculated,

which is explained below with each memory.

1-1) the memory-a indicated by the prediction memory
indication information 800 (step S§100)

A predicted picture location is calculated throﬁgh

" parallel translation based upon a motion vector (step

$101). Specifically, a predicted'pieture location

(x',y') corresponding to a pixel at a prediction picture
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segment location (x,y¥) is determined based upon a motion
vector (a, b) according to the following expression.

*

X =X+ a

*

¥y =y +b
A determined predicted pilcture location is outputted to.
the memory read address generator 165. |
1-2) -the memory-b indicated by the prediction memory
indication information 800 (step S103)

An affine transform expression is determined based
upon the motion vector 4. Specifically, an affine
parameter (a, b, c, e) of"tﬁe following expression is

determined by using the motion vector of a vertex of a

rectangular area enclosing a prediction picture segment,

x' a(cos )X + a(sin 8)y + b

a(-sin 6)x + a(cos efy +C

y'
thereby obtaining the predicted picture location (x',y')

corresponding to a pixel at the location (x,y) of a

prediction picture segment to be outputted to the memory -

read address generator 1865 (step S104).

1-3) the_memory—c indicated by the prediction memory
indication information 800 (step S106)

A perspective transform expression is determined

‘based upon a motien vector. Specifically; a perspective

parameter (a, b, ¢, d, e, f) of the following expression

is determined by using the motion vector of a vertex of a
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. rectangular area enclosing a prediction picture segment, .

x' (ax * by + ¢) / (gx + hy + 1)

y' (dx + ey + f) / (gx + hy + 1)

thereby obtéining-the predicted picture location (x',y")

corresponding'to a pixel at the location (x,y) of a
ﬁrediction,picture segment to be outputted to the memory
fead address generator (step 8107).-
2) Reading out déta for generating a predicted picturé
‘Based upon the pfedicted picture location (x’, y').
outputted from a selected corresponding point determiner,
the memory read address geﬂerator 165 generates a meﬁory
address for specifying the location 6f picture data
required for generating a predicted picture in a

reference picture stored in a memory, and reads out the

| data for generating a predicted picture (steps 8102; 105,

108).
3) Generating a prediéted picture

Among the component pixels of a predicted picture,

with a pixel at an integer pixel location, the.data for

génerating a predicted picture is used directly as a
component pixel of a predicted picture, and with a bixel

at a real number precision pixel 1ocat16n, the data for

‘generating a predicted picture is subject to ‘

interpolation in the interpolator 167 to generate an

interpolated pixel value (steps S109, S110, S111). Fig.
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26 illustrates an interpolated pixel value generatibn;
In Fig. 26, (i, jp) denotes an integer pixel locétion,
(j?, j?) denotes a real number precision pixel location,
and w denotes a weight.
4) Updating a memory (a reference picture)

Fig. 28 shows a flowchart illustrating a control
oberatioh of the memory update unit 115. The memory
ﬁbdate unit 115 controls an updating of the respective
memories on a readout unit basis (e.g., a macroblock) -of
a predicfed picture based upon the prediction mode 8 (or
the prediction memory indication information 800). With |

the memory-a used for prediction (stép 8112), the

. contents of the memory-a and the memory-c are updated

regularly with the decodgd picture 101 (step S113). With
the memory-b used for prediction (stép 8114); the
reference picture of the memory-b is not updated on a
readout unit basis of a predicted picture because of the

memory-b being a static sprite memory, whereas the

'contents of the memory-a and the memory-c are updated

regularly with the'decoded picture 101 (step S115). When

receiving the update indication by the memory-b update

information 1001, then the memory update unit updates a

"full content of the memory-b with received picture data

"included in the memory-b update_information 1001 (step

S116). With the memory-c used for prediction (step



10

15

20

25

- a frame memory and a static sprite memory.

77

8117), the contents of the memory-a and the memory-c afe-
updated regulariy by using the decoded picture 101 (step
S118). When reeeiving the update indicatien by the
memorylupdate informafion, the memory update unit updates
the content of the memory-c with'received plicture data.
included in the memory-c update 1nfofmation 1002 (step
$119) . |

_The use of the three memories a, b, ¢ of this
embodiment may be replaced by the use of two memories.

thereof, for example, with the memories a and b, that is,

.Alternatively; the memories a and ¢, that is, a frame

memory and a dynamic memory, may be used.

As aforementioned, according to the decoder of this

'embodiment, the bitstream 21 encoded through-an efficient

prediction using the various kinds of motion parameters
in response to the motien of a picture can be decoded.’

In addition, the decoder is applicable to the arbitrary

updating approach of the contents of a reference picture

at a timing determined in the encoding station, thereby

echieving a more adaptive decoding in response to the
characteristic of a picture.
According to this embodiment, if the bitstream

includes a prediction error signal encoded through

- encoding other than orthogonal transform encoding, the
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same effect may be.obtained-by replacing a component for
decoding a.prediction error signal, other than the motion
compensator and memory update uhit. ,.

Further, this embodiment may be abplied not only to

a decoder for decoding data on a fixed-size block basié,'

ﬁe.é., for decoding a normal television signal on a frame

baéis, but also to a decoder for decodiné an arbitrary
shaped video object (e.g., a Video Object Plane diéclosed
in ISO/IEC JTC1/SC29/WG11/N1902) as a unit-W1thout
1imif1ng'q prediction segment to a.fixed—size block.
Industriai Feasibility

As discussed above, the memory areas provided for
storing reference pictufes according to this embodiment
enables the adaptive use of the memories for sﬁofing data
based upon the characteristic of the moving picture
éequence. In addition, the contents of one or more of

thé memory areas can be updated at an arbitrary timing.

so that the content of a time-unvarying picture, such as

a background picture, is controlled to be_updated on a
longer-term basis, and the contents of a locally changing

picture segment.is controlled to be updated on a regular

;or sequential basis. ,This achieves an efficient

prediction by reflecting the'past record of the moving

picture sequence.
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Further, the transform parameter value ranges are -
assigned to the ﬁemdry areas for making the fespective
memory areas effegtive, and the memory afeas are switched
to be'used for prediction among them based upon the value
of the transform parameter of a prediction picture

segment, thereby achieving an efficient prediction in

response to the magnitude of a local/global motion of the

-moving picture sequence. At the same time, the motion

parameters to be encoded on a prediction.picture segment
basis can be encoded efficiently within the effective
motion parameter value ranges of the reference memory
areaé. |

Further, td_the respective memory areas, the
transform methods ﬁecoming effective in thé_respective
memoriéslare assigned, and the memories are switched.to
be used for prediction among them in response to the type
of the transform parameter of a prediction picture

segment, thereby achieving an efficient prediction in

response to the complexity of a local/global motion of

the moving picture sequence. At the same time, the

transform. method cén be selected adaptively in response

to the characteristic of a prediction picture segment,

" thereby achieving an efficient encoding of the motion

parameter.
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What is claimed is:

1. A moving picture prediction system for predicting a

moving picture to be implémented in at least oné of an

encoder and a decoder, the moving picture prediction
5 system comprising: .

a ‘plurality of memories for storing picture data for
reference to be usedmfor.predictidn,.the plurality
of memories corresponding to different transform
methods, respectively; and

10 a prediqtion picture generation section for receiving a
paraheter repreéénting a motion of a”picture segment_.
to be predicted, and‘for genefating a predicted
picture using the picture data stored in'one of the
plurality 6f memories used fof the picture segment

15 to be predicted based upon the parameter and one of
the transfbrm methodé corresponding to the_one.of:

the plurality.of memories.

2. The moving picture ﬁrediction system of claim_l,

20 .Qherein the encoder éenerates a.prediction memOry'
indication information signal'indicating”the_ohe of the
plurality of ﬁemories used for generating the predicted

'piCture and transmits thé prediction memory indication
informétioﬁ éignai'and the parameter to a decoding

25 station so as to generate the predicted picture using the
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picture data stored in the one of the plurality of
memories based upon the one of the transform méthods
correspondiﬁg to the one of fhe plurality of memories in

the decoding station.

3. The'moving picture prediction system of claim 1,
wherein the decoder receivéé the'parametgy and a
prédiction memory 1nd1cation.informatiqn siﬁal indiéating
the one of the plurality of memorieé used for generéting
the predicted pictﬁre from an encbding station,

wherein thé prediction picture géneration séction
generates the predictéd picture using the picture data
stored in'the one of the piurality_of memories based Upﬁn
the parameter and the one of the transform methods

corresponding to the one of the plurality of memories.

4. A moving picture prediction system for predicting a

moving picture to be implemented in at least one of an

encoding and a'decoding, the moving picture prediction

system comprisiﬁg:

a plurality of memofies_for storing picture data for
reference to be used for prediction, the plurality
of memories being assignéd to different parameter
efféctive value ranges, respectively; and

a prediction picture generation section for receiving a
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pqrameter'represenfing a motion.of a picture segment
to be predicted, for selecfing one of the plﬁrality |
of memories assigned to one of the parameter
effective value ranges includiné a value of the
| parameter, and for generating a predigted picture

using the pictufe data stored in a selected memory.

5. A moving picture prediction system for predicting a

moving picture to be implemented in at least one of an

‘encoding and a decoding, the moving picture predictlon

system comprising'

H

a plurality of memories for storing'picture data for
reference to be used for predictiqﬁ; and-m
.a predictioh picture géneration section'including
a motion cbmpensator/for receiving a parameter
representing a mofion of a picture segment to
be predicted, and for generating a predicted
picture_by/usipg the picture data stor;d inmthe
.plﬁrality of memoriés{based upon the.parametér,
and | | “
a memory update unit for updating the picture data

stored in at least one of the plurality of

memories at an arbitrary timing.

6. The moving picture prediction system of claim 1, 4,

This Sheet Has Been R
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or 5, wherein the moving picture is predicted in a moving
picture sequence having first and second video objects,

wherein the plurality of memories includes separate

first and second pluralities of memories corresponding to-

" the first and second video objects, respectively, and the

prediction picture generatipn section includes separate
first and second generators, respectively, corresponding '
to the first and seeond video objects,

wherein the first generator uses the picture data
stored. in at least one of the first and second
plurallties of memories to generate the predicted picture

when predicting the first object, and generates

information indicating a use of the second plurality.of

_ﬁemories for predicting the first object, the information

15

being added to.the'predicted picture.

7. The moving picture prediction system'of claim 1, 4

or 5, wherein the prediction picture generation section

generates the predicted picture through a change of

20

25

——

This Sheet H;

either one of a number and a size of the plurality of
memories in response to a change in the moving picture at

each time instance.

8. The moving pictufe prediction system of claim 1, 4

.or 5, wherein the prediction picture generation section
—

unmnnmmm
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generates the predicted picture in a limited use of
memories for prediction in response to a change in the

moving picture at each time instance.

5 9. ‘The moving picture prediction system of_claim 1,
wherein the prediction picture generation section
“.generates the predicted picfure by calculating a
plurality of the predicted pictures generated by using
the respective picture data stored in the plurality of

10 memories,

10. The moving picture predictioﬂ system of claim 1
fu;ther comprising:
a significance detector for detecting a feature parameter
15 rébresenting alsignificance of the picture segment
to be predicted,
wherein the prediction picture géneration section
generates the predicted picture by selecting at ieast one
of choices of at léést.one of a plurality of prediction
20 'ﬁethods,_the plufality of memories, and a plurality of

memory update methods.

“11. The moving picture piediction system of claim 1 or 5'
further comprising:

25. a significance'detector for detecting a parameter
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fepresenting at least one of an amount of bits

'availabie for coding the picture segment to be

predicted, an amount of éhangé of.the piqture

segment at each time instance, and a significance of

5 the picture segment; |

wherein fhe prediction picture genéfation section
generates the predicted picture by selecting at least one
of choices of_at least one of a plurality of prediction
.methods, the plurality of memories, a plurality of memor&

10 update methods.

12. The mdving picture prediction system of claim 1 or
5, wherein the moving picture is predicted on a video
object basis,
15 wherein the ﬁoving picture prediction éystem further.
comprising: |
a significance detéctor for detecting a parameter
representing at leaét_one of an amount of bits
available for coding a video object to be predicted,
20 | . an amount 6f chahge in the video object at each time
instance, and a significance of the video objéct;
wherein the prediction picture generation.section
"génerates the predicted picture by selecting at least one
of chdices"of af.least one of a plurality of prediction

25 methods, the plurality of memories, and a plurality of
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memory update methods.

13. The moving picture prediction system of claim 1 or 5
further comprising: | |
a predictioﬁ information encoder for encoding prediction
relating information of_the_movihg picture;
wherein the prédiction picture generation section
counts a number.of times of a memory uéed for prediction

and determines a rank of the plurality of memories based

upon a counted number of the times,

whérein the prediction'information encoder allocates
a code length to the prediction relating information to
be encoded based upon the rank of a memory used for

prediction.

14. The moving picture prediction system of claim 1,
wherein the plurality of memories includes at least a

frame memory for storing the picture data.on a frame

basis and a sprite memofy for storing a sprite .picture.

15. The moving picture prediction syStem of claim 14,

wherein the sprite memory includes at least one of a

"dynamic sprite memory involving a regular updating, and a

static sprite memory not involving the regular updating.
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16. The moving picture prediction“system of claim 14,
wherein the oﬁe of the transform methods corresponding to
the one of the plurality of memories is at least one of a

parallel translation, an affine transformation, and a

. perspective transformation in an interchangeable manner. -

17. A method for predicting a moving picture to be
implemented in at least dne of an encoding or a decdding,
the method comprising the steps of:

stbring picture data for reference to be used for

prediction in a plurality of memories;

i

“corresponding different transform methods with the

plurality of memories, respectiveiy;

receiving a parameter representing a motion of a picturé
segment to-be predicted; and

generating a predicted picture using the picture.data
stored in one of the plurality of memories used for
predicting the picture segment based upon the
parameter and one of the transform methods being
corresponding to the one of the plurality of

memories.

18. The method for predicting a moving picture of claim
17, further comprising the steps of:

generating a prediction memory indication information

R Ii .
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signallindicating the one of the plurality of
.memories used for the picture segment to be
predicted; and ‘

fransmitting the prediction memory indication information

signal and the parameter to a decoding station.

19. The method for predicting a moving picture of claim

17 to be implemented 1ﬁ the decoding, the method further

‘comprising the step of:

receiving a prediction memory indication information

| signal 1ndicatin§.the one of the plurality of
memories used for generating the predicted picture
and the pafameter representing a motion of the
picture segment t0 be pfedicted from an encoding

station.

20. -A method for predicting a moving picture to be

implemented in at least one of an encoding and a

decoding, the method comprising the steps of:

.storing picture data for reference to be used for

prediction in a plurality of memories;
assiéning separate parameter effective value ranges to
-'the plurality qf memories, respectively;
recéiving a barameter representing a motion of a-picture

segment to be prediéted;
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selecting one of the-plurelity of memories assigned to
one of the parameter effective rélue ranges |
including a value of the parameter; and

generating a predicted picture using the picture data

5 '~ stored in a selected memory.

. 21. A method for predictiné a'movihg picture. to be
1mp1emented in at least one of an encoding and a
decoding, the method compriéiné the.steps of:

.10 storing picture data for-reference to be used for
prediction in a plurality of memories;
receiving a parameter representing a.motion of a picture
segment to be predicted° |
generating a predlcted picture using the picture data
15 stored in, the plurallty of memorles based upon the
parameter; and - R | | .
updating the picture data stored in at least one of the

plurality of memories at an arbitrary timing.
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