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MOVING PICTURE PREDICTION SYSTEM 

Technical Field 

The present invention relates to the prediction of a 

movi~g picture implemented, for example, in 

5 a moving picture encoder/decoder used in a 

portable/stationary video communication device and the 

like for visual communications in a video telephone 

system, a video conference system or the like, 

a moving picture ~ncoder/decoder used in a picture 

10 storage/recording apparatus such as a digital VTR 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). 

15 

Background Art 

MPEG-4 (Moving Picture Experts Group Phase-4) Video 

Encoding/Decoding Verif~cation Model (hereinafter 

referred to by the initials VM) whose standardization is 

20 in progress by ISO/IEC JTC1/SC29/WG11 may be introduced 

as a conventional type of predictive encoding/decoding in 

·an encoding/decoding system of moving pictures. The VM 

continues to revise its contents according to the 

progress being made in standardization of MPEG-4. Here, 
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Version 5.0 of the VM is designated to represent the VM 

and will be simply referred to as VM hereinafter. 

The VM is a system for encoding/decoding each video 

object as one unit in view of a moving picture sequence 

5 being an aggregate of video objects changing their shapes 

time-/space-wise arbitrarily. Fig. 29 shows a VM video 

data.structure. ·According to the VM, a time-based moving 

picture object is called a Video Object (VOL and picture 

data representing each time instance of the VO, as an 

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

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

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

the VOP for representing a layered VO structure. Each 

VOP includes shape information and texture information to 

15 be separated. If the moving picture sequence includes a 

single VO, then the VOP is equated 'to a frame. Ther·e 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 ~he shape 

20 information and. textur~ data representing the texture· 

information, as illustrated in Fig. 30. Each data are 

defined as an aggregate of blocks 

(alphablocks/macroblocks), and each block in the 

aggregate is composed of 16x16 samples. Each alphablock. 

25 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 a moving picture sequence externally 

processed. outside of an encoder. 

Fig. 31 is a diagram showing the configuration of a 

VOP encoder according to the VM encoding system. The 

diagram includes original VOP data Pl to be inputte4, an 

alphablock P2 representing· the shape information of the 

VOP, .a switch P3a for passing the shape information, if 

10 there is any, of the inputted original VOP data, a shape 

enco4er P4 for compressing and encoding the alphablock, 

compressed alphablock data P5, a locally· decoded 

alphablock P6. "texture data (a macroblock) P7. a motion 

detector PS. a motion parameter P9, a motion compensator· 

15 PlO, a predicted picture candidate Pll, a prediction mode 

selector P12, a prediction mode Pl3, a predicted picture 

Pl4, a prediction error signal P15, a texture encoder 

P16, texture· encoding information Pl 7. a locally dee.oded 

prediction error signal P18,·a locally decoded macroblock 
' ' 

20 Pl9, a sprite memory update un~t P20, a VOP memory P21, a 

sprite memory P22, a variable-length encoder/multiplexer 

P23, a buffer P24, and an encoded bitstream P25. 

Fig. 32 shows a flowchart outlining an operation of 

the encoder. 

25 Referring to the encoder of Fig. 31, the original 
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VOP data Pl 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 detector PS, respectively. The 

5 shape encoder P4 is ·a processing block for data 

compression of the alphablock P2 (step PS4), the process 

of which is not discussed here ·further in detail because 

the compression method of shape information is not 

particularly relevant to the present invention. 

10 . The shape encoder P4 outputs the compressed 

alphablock data PS which is transferred to the variable­

length encoder/multiplexer P23, and the locally decoded 

alpha data PS which is transferred sequentially to the 

motion detector PS, the motion compensator PlO, the 

15 prediction mode selector Pl2, and the texture encoder 

P16. 

20 

The motion detector PS, 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 PS 

(step PSS). Here, the motion vector is one example of a 

motion parameter. The VOP memory P21 stores the locally 

decoded picture of a previously encoded VOP. The content 

of the VOP memory P21 is sequentially updated with the 

25 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 reception of 

the full texture data of the original VOP, by using 

reference picture data stored in the sprite memory P22 

5 and locally decoded alpha data. The sprite memory P2_2 

will be discussed later in detail. 

10 

The motion compensator PlO generates the predicted 

picture candidate Pll by using the motion parameter P9, 

which is detected in the motion detector P_8, and the 

locally decoded alphablock P6 (step P~6). Then, the 

prediction i;node selector P12 determines the final of· the 

predicted picture P14 and corresponding prediction·mode 

P13 of _the macroblock by using· a prediction error signal 

power and an original signal power (step PS7). In 

15 addition, the prediction mode selector P12 judges the 

coding type of tbe data either intra-frame coding or 

inter--frame coding. 

The texture encoder P16 processes the prediction 

error. signal P15 or the original macroblock t~rough 

20 Discrete Cosine 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 after prediction~ 

to the variable-length encoder/multiplexer P23 to be_ 

25 encoded (steps PSS and PS9). The variable-length 
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encoder/multiplexer P23 converts the received data into a 

bi tstream arid mul tiple.xes the data based upon 

predetermined syntaxes and variable-length codes (step 

PSlO). The quantized DCT coefficient is subject to 

5 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 (step PSll) is obtained. The locally 

decoded macroblock P19 is written into the VOP mem.ory P21 

~o and the sprtte memory P22 to be used for a later VOP 

prediction (step PS12). · 

Dominant portions of prediction including a 

prediction method, a motion compensation, and the up-date 

control of the sprite memory P22 and the VOP memory P21 

15 will be discussed below in detail. 

20 

(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 si_ngly involving no prediction. 

With a P-VOP, past VOP data can be used for prediction. 

With a B-VOP, both past and .future VOP data can be used 

for prediction. 

25 All the aforementioned prediction types are motion 
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vector based. On the other hand, with a Sprite-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 

u={a, b, c, d, e, f, g, h) 

detected on a VOP basis {The mark ~ denotes a vector 

hereinafter). The warping parameter set is determined by 

the following parametric equations. 

x'=(ax+by+c)/{gx+hy+l) 

y'=(dx+ey+f)/(gx+hy+l) 

The sprite is stored in the sprite memory P22. 

Referring to the parametric equations, (~. y) 

represents the pixel position of an original VOP in a 

15 two-dimensional coordinate system. (x', y') represents a 

20 

pixel position in the sprite memory corresponding to (x, 

y,) based upon a ~arping parameter. With the Sprite-VOP, 

the warping 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 

predi~tion 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 

25 through. 37 below, "sprite" stands for Dynamic· Sprite. 

The motion detector PS.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. 

5 (2) Motion compensation 

Fig. 34 is a diagram showing the configuration of 

the motion compensator PlO in detail.. In the figure, a 

warping parameter P26, a motion vector P27, a 

glob'al-motion compensator P28, a lo.cal-motion compensator 

10 P29, a warping-parameter based predicted picture 

candidate P30, and a motion-vector based predicted 

picture candidate P31 ate shown. The warping-parameter 

- and motion-vector based predicted picture candidates 30, 

3f are generically called the predicted picture 

15 candidates Pll hereinafter. 

Fig. 35 shows a flowchart outlining.the operation of 

the motion compensator PlO including steps PS14 through 

PS21. 

The motion compensator PlO generates .the _predicted 

20 picture candidate Pll using the warpin~ parameter P26 of 

a full VOP detected on a macroblock P7 basis in the 

motion detector PB or a macroblock based motion vector 

P27. The global-motion compensator P28 performs a motion 

compensation using the warping parameter P26, -and the 

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

With the I-VOP, the motion compensator PlO does not 

operate. (The operating step proceeds to step PS21 from 

step PS14.) With a VOP other than the I-VOP, the loca1-

5 motion compensator P29 reads out a predicted picture 

candidate PRl from the locally decoded picture of a past 

VOP stored in the VOP memory P21 by using the motion 

-vector P27 (step PS15). With the P-VOP, the predicted 

picture candidate PRl is only available to be used . 

10 . When the B-VOP is identified in step PS16, the 

local-motion compensator P29 further reads out a 

predicted picture candidate.PR2 from the locally decoded 

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

using the motion vector P27 (step PS17). ·In addition, an 

15 arithmetic mean of the predicted picture candidates PRl, 

PR2 obtained from the past and future VOP locally decoded 

pictures to obtain a predicted picture candidate PR3 

(step PS18). 

A predicted picture candidate PR4 is gen~rated also 

20 through Direct Prediction (step PS19). (Direct 
. . 

Prediction is based upon a prediction method · 

corresponding to B-Frame in an encoding method H.263, 

Recommendation ITU-T. A vector for B-Frame is produced 

based upon. a g·roup of P-VOP vectors, which is not 

·25 discussed further here in detail.) In Fig. 34, the 
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motion-vector based predicted picture candidates P31 is a 

generic term for all or part of the predicted picture 

candidates PRl through PR4. 

If a VOP is of neither I-VOP nor B-VOP, then the VOP 

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

picture candidate PRl is .read out from the VOP memory 

based upon the motion vector. In addition, the global­

motion compensator P2$ reads out the predicted picture 

candi4ate P30 from the sprite memory P22 based upon the 

10 

15 

warping p~rameter P26 in step PS20. 

The global-motion co~pensator P28 calculates the 

address of a predicted .. picture candidate in the sprite 

memory P22 based upon the warping parameter P26, and 

reads out the predicted picture candidate P30 from the 

sprite memory P22 to be outputted based upon a resultant 

address. The loc~l-motion compensator P29 calculates.the 

address of a predicted picture candidate in the VOP 

memory P21 based upon the motion· vector P27 and reads ou_t 

the predicted picture candidate P31 to be outputted based 

20 upon a resultant address. 

These predicted picture candidates Pll are evaluated 

along with an intra-frame coding signal of the texture 

data P7 in the prediction mode selector Pl2, which 

selects a predicted picture candidate having the least 

25 power of a prediction error signal along with a 
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The memory update unit P20 controls the VOP memory 

P21 and sprite memory P22 to be updated (step PS1°2). The 

5 contents of these memories are updated regardless of the 

prediction mode P13 selected on a macroblock basis. 

Fig. 36 is a diagram showing the configuration of · 

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

including steps PS22 through PS28 illustrating the 

10 operation of the memory update unit P20. 

In Fig. 36, an externally supplied VOP encoding type 

P32, an externally supplied sprite.prediction 

ide~tification flag P3.3 for indicating the use of the 

spri~e memory for prediction, an externally supplied 

15 blend factor P34 used for prediction with the sprite 

memory, switches P35, P36, a sprite blender P37, a sprite 

transformer P38, a VOP memory update signal P39, and a 

sprite update signal P40 are shown. 

Firstly, the use of the sprite with the cµrren:t VO 

20 or VOL is examined if. being designated by the sprite 

prediction identification flag P33 (step 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 

25 either the I-VOP or the P-VOP, then the VOP memory P21 is 
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written over with the locally decoded macroblock P19 on a 

macroblock basis (step PS28}. 

With the use of the sprite designated in step PS22, 

then the VOP memory P21 is updated in the same manner as 

5 above (steps PS23, PS24), and in addition, the sprite 

10 

memory PS22 is updated through the following procedure. 

a) Sprite warping (step PS25) 

In the sprite transformer P38, an area 

M(R,t-1) 

in the sprite memory P22 (M(R,t-1) is an area having the 

same size as that of a VOP having the origin of the 

coordinates at a position in the sprite memory P22 with 

15 the VOP at a time t) is subject to warping 

20 

25 

(transformation} based upon a warping-parameter 

~=(a,b,c,d,e,f,g,h). 

b) Sprite blending (step PS26) 

By using a resultant warped picture from a} above, a 

new sprite memory area is calculated in the sprite 

blender P37 according to the following expression, 

M(R,t)=(l-u)•Wb[M(R-,t-1) ,u ... ]+u•VO(r ... ,t), 

where u is the blend factor P34, Wb[M,ul is the resultant 

warped picture, and VO(r,t) is a pixel value of a locally 

-30 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)=O. 
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As the blend factor « is assigned on a VOP basis, a 

locally decoded VOP is collectively blended into the 

sprite ~emory P22 based upon a weight «, regardless of 

the contents of a VOP area. . 

5 According to the aforementioned prediction system in 

the conventional encoding system, the video object is 

predicted by using the memory designed to be used for 

detecting the motion vector alone and the memory designed 

to be used for detecting the warping parameter alone, 

10 both of which are structurally allowed the maximum use of 

a single screen alone each. Thus., the limited use of 

reference pictures is only available' for prediction,· 
. . 

thereby hindering a sufficient improvement in prediction 

efficiency. 

15 Further, in such. a system where two or more video 

objects are encoded concurrently, these memories only 

include a reference picture representing the past record 

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

variation of a reference picture and precludes. the 

20 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 

25 insufficient storage of information lacking significant 
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data for predicting a video object, thereby posing a 

problem of failing to enhance prediction efficiency. 

The present invention is directed to solving the 

aforementioned problems. An objective of this invention 

5 is to provide the prediction system for encoding/decoding 

of picture data where two or more memories are provided 

to store the past record of the moving picture sequence 

effectively in consideration of the internal structure 

and characteristic of the moving picture sequence, 

10 thereby achieving a ~ighly efficient prediction as well 

as encoding/decoding. In addition, the prediction system 

provides a s·ophisticated inter-video object ·prediction 

performing among two or more video objects. 

15 Disclosure of the Invention 

-According to. the present invention·, a m0-ving 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 p_icture data 

20 for reference to be used for prediction, the plurality of 

memories being corresponding to different transform 

methods, respectively, and a prediction picture 

generation section for receiving a parameter representing 

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

25 --generating ·a predicted ·p·ic.:t.ure U$ing the picture data 
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stored in-one of-th-e plura-lity of memories used for the 

picture segment to be predicted based upon the parameter 

and one of the transform methods corresponding to the one 

of the plurality of memories. 

The encoder generates a prediction memory indication 

information signal indicating the one of the' plurality of 

memories used ·tor generating the predicted picture and 

transmits the prediction memory indication information 

signal and the -parameter to a decoding station so as. to· 

10 gener:ate the predicted picture us-ing the picture data 

stored in the one of the plurality of memories based upon 
·i 

the one of the transform methods corresponding to the one 

of the pluraiity of memories in the decoding station. 

The decoder receives the parameter and a prediction 

15 memory indication information sinal- indicating the on·e 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 

20 one of the plurality of memories based upon the parameter 

and the one of the 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 

25 picture to be implemented in at least one of an encoding 

itii11nr 



16 

THIG SH!?r:-' HAS BEEN 
Rt PLACED 

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, 

5 and a preqiction picture generation section for receiving 

a parameter representing a motion of a picture segment to 

be predicted, for selecting one of the plurality of 

memories assigned to one of the parameter effective value 

ranges including a value of the parameter, ·and for 

10 generating a predicted picture using the picture data. 

stored in a selected memory. 

Still further, according to the preserit invention, a-

moving picture prediction system, for predicting a moving 

pictu.re to be implemented in at least one of an encoding 

15 and a decoding, includes a plurality of memories for 

storing picture data for reference to be used for 

prediction and a prediction picture generation section 

including a motion compensator for receiving a parameter 

representing a motion of a picture segment to be 

20 predicted, and for generating a predicted picture by 

25 

using the picture data stqred in the plurality of 

memories based upon the parameter, and a memory upda~e 

unit for updating the picture data stored in at least one 

of the plurality of memories at an arbitrary timing. 

The moving picture prediction system predicts the 
--·------------



\._ .. .' 

17 
' 

moving picture in a moving picture sequence havi~g 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 

5 objects; respectively, and t~e prediction picture 

generation .section includes separate first and second 

generators, respectively, corresponding to the first and 

second videc;> objects, wherein the first generl,ltor uses 

the picture data stored in at least one of the first and 

10 second pluralities of memories to generate the predicted 

15 

20 

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 generates 

the predicted picture through a change of 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. 

The prediction picture generation section 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. 

The prediction picture generation section generate.s 

25 the predicted picture by·calculating a plurality of.the 
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predicted pictures generated by using the respective 

picture data stored in the plurality of memories. 

The moving picture prediction-system further 

includes a significance detector for detecting a feature 

5 parameter representing a significance of the picture 

segment to be predicted, 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 predictio~ methods, the plurality of 

10 memories, and a plurality of memor~ update methods. 

15 

The moving picture prediction system further 

includes a significance detector for detecting a 

parameter representing at least one of an amount of bits 

available for coding the picture segment to be predi.cted, 

an amount of change of the picture segment at each time 

instance, and a significance of the picture 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 

20 methods' _the plurality of memories. a plural! ty of memory 

update methods. 

The moving picture prediction system predicts the 

moving picture on a video object basis, wherein the 

moving picture prediction system further includes a 

25 significance detector for detecting a parameter 
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representing at least one of an amount of bits available 

for coding a video objec.t to be predicted, an amount of 

change in the video object at each time instance, and a 

significance of the video object, wherein the prediction 

5 picture generation 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, and a plurality of memory update methods. 

The moving picture prediction system further· 

10 includes a p·redic~ion information encoder for encoding 

prediction· relating information of the moving picture, 

wherein the prediction picture generation section counts 

times-of a memory used for prediction and determines a 

rank of the plurality of memories based upon a counted 

15 number of the times, wherein 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 predict.ion. 

The plurality of memories includes at least a frame 

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

a sprite memory for storing a sprite picture. 

' 
The sprit~ memory includes at least one of a dynamic 

sprite memory involving a r_egular updating, and a static 

sprite memory not involving the regular updating. 

25 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. 

Still further, according to the present .invention\ -~' 

5 method for predicting a moving picture to be implementeq 

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 me~ories, 

corresponding different transform methods with the 

10 plurality of ·memories, respectively, receiving a 

parameter representing a motfon of a picture·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 

15 upon the parameter and one of the transform methods.being 

corresponding to the one of the plurality of memories. 

The method ·for predicting a moving picture furt.her 

includes the steps of generating a prediction memory 

indication information signal indicating the one of the 

20 plurality of memories used for the picture segment to be 

predicted. and transmitting the prediction memory 

indication information signal and the parameter to a 

decoding station. 

The method for predicting a moving picture is 

25 implemented in the decoding, and further includes the ---·---·----
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step of receiving a prediction memory indic~tion 

information .signal indicating the one of the plurality of 

memories used for generating the predicted pi_cture and 

the parameter representing a motion of the picture 

5 segment to be predicted from an encoding station.' 

Still further, according to the present invention, a 

method, for predicting a moving picture to be implemented 

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

the steps of storing picture data for reference to be 

10 used for prediction in a_plurality of memories, assigning 

separate parameter effective value ranges to the 

plurality of memories, respectively, receiving'a 

parameter·representing a motion of a picture segment to 

be predicted, selecting one of the plurality of memories 

15 assigned to one of the parameter effective value range~ 

including a value of the parameter, and generating a 

predicted picture using the picture data stored in a 

selected memory. 

Still further, according to the present invention, a 

20 method, for predicting a moving picture to be implemented 

in at least one of an encoding anP. 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 

25 segment to be predicted, genera·ting· a· predicted picture ---------------
illl~lf ii lr 
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. ··using the picture data stored· 1-n the plurality of 

memories based upon the parameter, and updating the 

pi·cture data stored in at least one of the plurality of -

memories at an arbitrary timing. 

Brief descript·ion of drawings 

Fig. 1 is a structural diagram of a moving picture 

encoder according .to an embodiment of this invention. 

Fig. 2 is a flowchart illustrating an operation of 

10 the moving picture encoder according to the embodiment of 

this invention. -
. f 

Fig. 3 is a structural diagram illustrating the 

configuration of a motion compensator of the moving 
., 

picture encoder of the embodiment of thi~ invention. 

15 Fig. 4 is a flowchart illustrating an operation of 

the motion compensator. 

Fig. 5 is. a structural diagram illustrating the 

structure of a memory update unit of the moving picture 

encoder of the embodiment of this inve~tion. 

20 Fig. 6 is a flowchart illustrating an operation of 

the memory update unit .. 

Fig. 7 is a structural diagram illustrating the 

configuration of a motion compensator of a moving picture 

encoder according to another embodiment of this 

25 invention. -----------7'L. --------

7iiJi ii;r 
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Fig. 8 is a flowchart illustrating an operation of 

the motion compensator of Fig. 7. 

Fig. 9 is a structural diagram illustrating the 

configuration of a motion compensator o_f a moving picture 

5 encoder according to another embodiment of this 

invention. 

Fig. 10 is a flowchart illustrating an operation of 

the motion compensator of .Fig. 9. 

Fig. 11 is a structural diagram of a moving picture 

10 encoder according to another emb~diment of this 

invention. 

15 

Fig. 12 is a structural diagram showing ·the 

configuration of a motion compensator of the moving 

pictur_e 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 illustrating the 

configuration of a memory update unit of a mo~ing picture 

20 encoder according to another embodiment· of this 

invention. 

Fig. 15 is a flowchart illustrating·an operation of 

the memory update unit of Flg. 14. 

Fig. 16 is a structural diagram of a moving picture 

25 encoder according to a:µother embodiment of this 
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invention. 

Fig. 17 is a structural diagram of a moving picture 

encoder according to another embodiment of this 

invention. 

Fig. 18 is a structural diagram of a moving picture 

encoder according to another embodiment of this 

invention .. 

Fig. 19 is a structural diagram of a moving picture 

encoder according to another embodiment of this 

10 invention. 

15 

Fig. 20 is a'diagram showing bit stream 21 according 

to the first embodi~ent of this invention .. 

Fig. 21 is a diagram showing bit stream 21 acco.rding 

to the second embodiment of this invention. 

Fig. 22 is a· diagram showing bit stream 21 according 

to the third embodiment of this invention. 

Fig. 23 is a diagram showing bit stream 21 according 

·to the sixth embodiment of this invention. 

Fig. 24 is a structural diagram of a mov~ng picture 

20 decoder according 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 

25 invention. 
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Fig. 26 is a flowchart illustrating an oper~tion of 

the motion compensator. 

Fig. 27 is an exemplary diagram of interpolation. 

Fig. 28 is a flowchart illustrating an operation of 

~ memory update unit of the moving picture decoder 

according to the embodiment of this invention. · 

. Fig. 29. is an exemplary diagram of a video data 

configuration according to the VM encoding system. 

Fig. 30 is an exemplary diagram of a VOP data 

structure. 

Fig. 31 is a structural diagram illustrating the 

configuration of a VM encoder. 

Fig. 32 is a fJowchart·illustrating an operation of 

15 the ericoder of Fig. 31. 

Fig. 33 is an exemplary diagram of VOP encoded types 

and corresponding prediction types. 

Fig. 34 is a structural diagram illustrating the 

configuration of a motion compensator of the ~ncoder of 

20 Fig. 31. 

Fig. 35 is a flowchart illustrating an operation of 

the motion compensator of Fig. 34. 

Fig. 36 is a structural· diagram illustrating the 

configuration of a memory update unit of the encoder of 

25 Fig. 31. 
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Fig. 37 is a flowchart·illustrating an operation of 

the memory update unit of Fig. 36. 

Best mode for carrying out the invention 

5· Embodiment 1. 

Fig. 1 is a block diagram showing the configuration. 

of an encoder according to a first embodiment and the 

following embodiments. The diagram illustrates an input 

mpvfng picture signal 1, texture data 2, a motion 

10 detector 3, a motion parameter 4, a motion compensator 5, 

a predicted picture candidate 6, a prediction mode 

selector 7, a prediction mode 8, a predicted picture 9, a 

prediction error picture 10, a texture encoder 11, a 

quantized DCT coefficient 12, a locally decoded 

15 prediction error picture 13, a locally decoded picture 

14, a memory upd~te unit 15, a memory-a 16, a 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. Particul~rly, the 

.20 motion· compensator 5 and the memory update unit 15 forms 

a predicted picture generation section 100 which 

implemented a prediction system. Memories a, b, c forms 

a memory area 200. In the f-igure, portions not mentioned 

in this embodiment will be discussed in the following 

25 embodiments. Fig. 2 shows a flowchart i~lustrating 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 

5 moving picture based upon such characteristics of motion 

as an amount of motion and an intensity of color. It is 

also assumed that the content of an arbi tr.ary memory 

(area), the memory-a for example, are updated at an 

arbitrary period of time and a moving picture sequence is 

10 received on a frame basis. 

(1) Input signal 
i . 

As aforementioned, the encoder inputs a frame 

representing a p·icture at each time .instance of the 

moving picture sequence and decomposes the frame into the 

15 encoding units of macroblocks which are one example of 

picture segments.subject to prediction (step Sl). 

<i> Adaptive use of memories 

The memories· store previously decoded pictures or 

previously provided fixed pictures. In this ~mbodiment, 

20 the three memories are used adaptive!~ according to the 

25 

significance of a picture segment in a frame as. follows. 

The memory-a stores a least signific~nt 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 picture segment of an object whose 
' 

motion is relatively small.) 

The memory-c stores a most significant picture 

segment (i.e .• a picture segment of an object whose 

5 motion is complicated or drastic.) 

The least significant picture 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 

10 b~ckground 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 

15 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. 

20 The motion parameter may be selected 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 

·25 parameter·. 
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The less significant picture s_~gment 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 

5. less.attracting in the scene. The most significant 

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

segment of an object attracting most attention in the 

video conference scene such as a speaker. 

A picture segment stored in the memory-b or the 

10 memory-c representing a unique type of motion of an 

object 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 

15 involving transformation, the perspective motion 

parameter involving transformation, etc. 

(3) Motion detection (step S2) 

The motion detector 3 of this e~bodiment is designed 

to detect an arbitrary transform parameter of ~he 

20. respective three memories on a macroblock basis, 

involving no distinction between a motion vector and a 

warping parameter in the conventional a:rt. The motion 

detector 3 is provided with additional functions of a· 

global-motion parameter detection for detecting a frame 

25 based transform parameter using the memory-a and a local-
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motion parameter detecti.on for detecting a macroblock 

based transform parallieter using the memories a through c. 

(4) Motion compensation (step 83) 

·Fig. 3 shows .the configuration of the motion 

5 compensator 5 of this embodiment in detail. In the 

figure. a prediction picture ~emory address calculator 

22, ·a prediction picture memory address 23,· a memory 

reader 24, and a reference memory indicator signal 25 

which is supplied externally are shown. In this 

10 embodiment. the r~feren~e .. memory indicator signal 25 

indicates th~ use of the memory a, b, c. Fig. 4 shows a 

flowchart including steps Sll through Sl6 illustrating an 

operation of the motion compensator 5. 

Initially, with an I.(Intra)-frame, no .motion 

15 compensation is performed (step Sll). With a frame other 

than the I-frame •. predicted picture candidates are 

generated based.upon the global-motion and local-motion 

parameters corresponding to the respective memories 

detected in the motion detector· 3 (steps 812 through 

20 SlS). Specifically, the prediction picture memory 

address calculator 22 calculates the prediction picture 

memory address 23 of a predicted picture candidate in a 

memory identified by the reference memory indicator 

signal 25 based upon the motion parameter 4. Upon 

25 reception of the prediction picture memory ~ddress 23~ 
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the memory reader 24 reads out the predicted picture 

candidate 6 from a corre~ponding memory to be outputted. 

In this embodiment, the global-motion and local-· 

motion parameters are obtained through the same tran·sform . 

5 method, thereby allowing the motion compensator 5 of Fig. 

3 ·to be shared by both global-motion and local-motion 

parameter based approaches of generating a predicted 

picture. When generating the predicted picture candidate 

6 through· the global-motion parameter, the memory-a is 

lO always us~d,as a reference memory (step S15). 

(5) Prediction mode selection (step S4) 
i . 

The prediction mode of this embodiment is assumed to 

include the following. 

(a) a mode for using the memory-a, 

15 (b) a mode for using the memory-b, 

(c) a mode for using the memory-c, and 

(d) a mode for using an intr~-frame coding signal. 

Similarly to the discussion in the conventional art, the 

prediction mode selector 7 selects the predicted picture 

20 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, 

~nd outputs a selected one of the predicted picture 

25 · · 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 th~· selected 

predicted picture 9. The prediction mode 8 is 

5 transferred to the va~iable-length encoder/multiplexer 19 

to be encoded with an allocated length of code in the 

bitstream 21 as prediction memory indication information 

800. 

(6) Memory updating 

10 The memory.update unit 15 controls the memories to 

be :updated. Fig. 5 shows th~ 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 

15 27, a reference memory selector 28, switches 29, 30, 

picture data- 31 for updating the memory-a, picture clata 

32 for updating the memory-b, picture data 33 for · 

updating the memory-c, and global prediction picture data 

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

20 flow of a memory updating operation. 

Th~ 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 

25 the locally decoded picture 14 in the memory-a update 
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judger 27 (step Sl7). The reference memory selector 28 

selects a memory used for predicting t~e locally decoded 

picture based upon the prediction mode 8 (_steps 818, 

Sl9). Then, a reference picture stored in a selected 

memory is up~ated 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 picture data 34 

for updating the memory-a of the locally decoded picture 

14 based upon the following rule. A memory is assumed to 

10 be updated each frame on a prediction unit (macrobl<:>ck) 

15 

basis. 

(1) Frame based regti.lar updating of the memory-b and the 

memory-c (steps 820, 821): 

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 updating of the memory-a (steps 

S22, 823): 

The locally decoded picture 14 is written into the 

20 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 

25 picture. This removes the necessity of the regular 
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UP.dating 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 aforementioned, a frame based regular updating is 

performed with a complicated or drastic area of an 

object, whereas a longer-term based updating is performed 

with the content of the memory-a, thereby achieving an 

effective prediction with a background picture half 

10 visible among moving objects. 

15 

20 

25 

Viewed in this light, the memory-a 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 

performed with the parameter indicating a rather static 

motion. 

b. A full-screen content is updat~d all at once on a 

predetermined period basis, regardless of a frame based 

period of ,time. 

c. A full-scr~en content is updated all ~t 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, 

5 ·the activity 26 correspond~ to a value of the global­

motion parameter detected in the motion detector 3 with 

the arbitrary update criterion-a, a time stamp of the 

current frame from the timer 81 with the arbitrary update 

criterion-b, and a flag indicating a scene change 

10 detection.outputted fro~ the scene-change detector 80 · 

with the arbitrary update cri terion-c_. 

When the content of memory-a is judged to be 

updated, the content of the locally decoded picture 14 is 

outputted as the global prediction picture data 34 for 

15 updating the content of the memory-a (step 823). 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 judgem·ent 1000 of a frame is 

multiplexed in the bi tstream 21 to be transmi t·ted to a 

20 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. 

25 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 up_date judgement 1000 

5 multiplexed to be transmitted to a decoding station. The 

header information is followed by the component 

macroblock data of the frame. The macroblock data 

include the prediction memory indication information 800 

indicating a memory used for predicting the macroblock 

10 data. , In a counterpart decoder. a memory for predicting 

a predicted picture is specified based upon the 

prediction memory indic_ation information 800 of 

m~croblock data to generate the predicted picture. 

Although not shown in the figures, the memory-b 

15 update·· information or/and the memory-c update information 

may be transmitted to the decoding station along with, or 

alternatively to, the memory-a update judgement 1000. 

The aforementioned encoder thus _provides the 

adaptive and efficient use of two or more memories in 

20 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 

25 characteristic of a moving picture sequence. This 
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enables an efficient prediction of a moving picture in 

response to a local characteristic Of a picture by even 

covering complicated motion. With the enhanced 

prediction efficiency, the encoder is allowed to re4uce 

5 an amount of encoded ·data without deteriorating encoded 

picture quality. The same prediction system may be 

employed by the counterpart decoder for decoding a 

bitstream encoded through the prediction system of this 

invention .. 

10 This embodiment has thus 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 

15 encoder performing on a macroblock basis as the 

macroblock being a picture segment subjected to 

prediction. The same effect can be expected with an 

alternative encoder for encodin~ a picture on such a 

picture segment basis as an arbitrary shaped picture 
... 

20 segment and a variable shaped block including fixed-size 

block components. 

Further, this embodiment has thus disclosed the 

global-motion parameter detection using the memory-a . 

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

25 detection is.of course applicable involving no global-
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motion parameter detection. With no global-motion 

detection, no necessity 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 reference picture data 

previously generated based upon the content of the moving 

picture sequence. The special me~ory is not updated 

during an encoding operation. 

Further, this embodiment has thus disclos~d the ~ase 

that memories a, b, c store a picture segment each time 

and the memory update unit 15 updates one of the memories 

a, b, c each time. If two or all of the memories a, b. c 

share to store a picture in part or fully, then the 

15 memory update unit 15 updates the· 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 reference picture 

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

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

20 sprite memory involving the ~egular updating, the memory 

update unit 15 does not update the memory-b as the static 

sprite memory for storing previously fixed reference 

picture data but updates the· memory-a and the memory-c 

concurrently when the memories s.tore the same reference 

25 picture segment. Thus, if a duplicated storage of the 
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reference picture data occurs with the memories a, b, c, 

then the memory update unit 15 updates a· duplicate4 

segment stored in each memory. 

The aforementioned can also be applied to the 

following embodiments. 

Further, this embodiment has thus disclosed the use 

of three memories a, b, c, but alternatively, two of the 

memories may be utilized. 

Further, a counterpart decoder may be provided with 

10 the predi~tion picture generation section 100 including 

the same components as the motion compensator 5 and the 

memory· update unit 15 discussed in this embodiment. A 

motion compensator provided in the decoder, having no 

necessity of generating all the three predicted picture 

15 candidates, generates a single predicted picture alone 

based upon a decoded motion parameter. 

Embodiment 2. 

A second embodiment shows an encoder with. a single 

20 replacement of the motion compens_ator S of the encoder 

shown in Fig. 1. The configuration and operation of a 

motion compensator Sa of the second embodiment are now 

described. 

Fig. 7 shows the configuration of the motion 

2S compensator Sa of this embodiment in detail. The figure 
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includes a referenee memory determiner 35. Fig. 8 shows 

a flo_wchart illustrating a detailed operation of the 

motion compensator Sa. 

Initially, with the I-frame, no compensation is 

5 performed (step S24). With a frame other than the!­

frame, the reference memory determiner 35 determines a 

reference mem.ory based upon a value of the motion 

parameter 4 (step 825). The reference memory determiner 

35 holds effective motion parameter value ranges (which 

10 will be ·discussed later in detail) allocated, 

respectively, to the memories a, b, c. The reference 

memory determiner 35 compares the respective effective 

·motion parameter value ranges with the value of the 

motion parameter 4 to judge which memory is designated by 

15 "the motion parameter 4 and outputs a reference memory 

indicat~r .. signal 25a for identifying the respective 

me~ories a, b, c. 

The effective motion parameter value ranges are 

effective search ranges allocated to the respective 

20 memories for detecting a motion vector.. for example. 

Specifically, if :1:15 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 :1:0 to 3 pixels, the 

memory-b is used in a range of ±4 to 8 pixels, and the 

25 memory-c is us·ed in a range of :1:9 to 15 pixels, for 
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example. Here, the reference memory determiner 35 

operates only when the local-motion parameter is used for 

prediction, because the memory-a is exclusively used as a 

reference memory when the predicted picture candidate is 

5 . generated based upon. the global-motion parameter. This 

motion-vector value based approach of identifying a 

memory ·to be used for prediction is based upon the 

assumption that a background picture should include a 

static motion and a most attractive picture should 

10 include a complicated or drastic motion. This motion­

vector value based approach of identifying a memory for 

prediction involves no necessity of encoding the 

prediction mode to be transmitted. 

Next,. the predicted picture candidate 6 is generated 

15 based upon the reference memory indicator signal 25a of a 

selected memory (.steps S26 through S30) . Specffically, 

the prediction picture me~ory address calculator 22 

calculates the prediction picture memory address 23 of 

the predicted picture candidate 6 in an identified memory 

20 by the reference memory indicator signal 25a based upon 

tbe motion parameter 4. Based upon the prediction 

picture memory address 23, the memory reader 24 reads out 

the predicted picture candidate 6 from the memory to be 

outputted. 

25 As the global-motion and local-motion parameters of 
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··this embodiment are based upon the same transform method, 

both parameter based approaches.can share the motion 

compensator Sa of Fig. 7 for generating the pred;icted 

picture candidate. When reading out the predicted 

5 picture candidate 6 based Upon the global-motion 

parameter (step 831), the memory-a is always used as a 

reference memory. 

The effective motion parameter value ranges may be 

fixed.on a moving picture sequence· basis, and 

10 alternatively, changed on a frame basis, for example. 

With the frame based changes, the effective motion 

parameter value ranges assigned to the respective 

memories of the frame are multiplexed in a bitstremD: to 

be· transmitted to a ~ecoding station to perform the same 

15 memory selection. 

Fig. 21 is a diagram showing the bitstream 21 of 

this embodimen.t. 

The bi tstream is provided with header inf,ormation 

added at the front on' a moving picture sequence basis. 

20 The header information includes effective motion 

parameter value range indication information of the 

respective memories. By ·thus designating the effective 

motion parameter value· range· indication information at 

the front of a moving picture sequence, the moving 

. 25 picture sequence is predicted with the fixed effective 
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motion parameter value ranges in a counterpart decoder. 

When varying the effective motion parameter value 

ranges each frame, the effective mot-ion parameter 

indication information is to be included in the header 

5 information added on a'frame basis. 

10 

Thus, the efficient and adaptive use of the memories 

in response to the magnitude of a local motion of a frame 

can be provided by the encoder including the motion 

compensator 5a, thereby enhancing prediction efficiency. 

This embodiment has thus disclosed the encod~r 

performing on a frame basis. The same effect may.be 
i 

expected with an alternative encoder performing on an 

arbitrary shaped video object (VOP) basis. 

Further. this embodiment has thus. disc·losed the 

15 encoder performing on a macroblock basis. The same . 

20 

effect may be expected with an alternative encoder for 

encoding a picture on such a picture segment basis as an 

arbitrary shaped picture segment arid a variable shaped 

block including fixed-size biock components. 

Further, this embodiment has thus disclosed 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-

motion parameter detection. No global-motion detection 

25 involves no necessity for transmitting information 

11111i11iiinr · 
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indicating a global/local prediction as the prediction 

mode. 

Further. a counterpart decoder may be provided with 

the prediction picture generation section 100 including 

5 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. 

10 Embodiment 3. 

Another embodiment shows an encoder having a single , . 

replacement of the motion compensator 5 of the encoder of 

Fig. 1. The configuration·and operation of a motion 

compensator Sb are now described. A motion detector 3a 

15 employ.ed in this embodiment is assumed to output an 

amount of the parallel translation, the affine parameter. 

and the perspective parameter as motion parameters 4·a. 

Further, the memory-a of this embodiment is assumed 

to be a frame memory for storing a reference picture 

20 frame, the memory-b is assumed to be a static sprite 

memory, and the memory-c is assumed to be a dynamic 

sprite ·memory.·· 

Fig. 9 shows the configuration of the motion 

compensator 5b of this embodiment in detail. In the 

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

38, a parallel-translation based prediction picture 

memory address calculator 39, an affine parameter based 

prediction picture memory address calculator 40, and a 

perspective parameter based prediction picture memory 

address calculator •1 a·re shown. Fig. 10 is a flowchart 

illustrating the operation of the motion compensator Sb 

in detail. 

Initially, with the I-frame, no prediction is 

performed (step S33). With a frame other than the!­

frame, the prediction picture memory address calculators 

39 through 41 calculate the respective prediction picture 

memory addresses 23 based upon the respective values of 

the motion parameters 4a (step S34). 

The memory address calculators 39, 40, 41 calculate 

addresses based upon picture transform methods assigned, 

respectively, to the corresponding memories. In this 

embodiment, the parallel translation is assigned to the 

memory-a, the affine parameter involving such a simple 

20 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 

25 expressions. 
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[Parallel translation] 

Amount of parallel translation (a, b): 

x'=x+a 

y'=y+b 

5 [Affine transform] 

10 

15 

Affine parameter (a,b,c,8): 

x'=a(cos8)x+a(sin8)y+b 

y'=a(-sin8)x+a(cos8)y+c 

[Perspective transform] 

Perspective parameter (a,b,c,d,e,f): 

x'=(ax+by+c)/(gx+hy+l) 

y'=(dx+ey+f)/(gx+hy+l) 

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

represents a pixel location of an original mac·roblock. 

(x', y~) represents a pixel location in a memory 

corresponding to (x, y,) ba~ed 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 characteristic 

20 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 

25 memories to be outputted (steps S35 through S39). 
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The transform methods assigned to the respective 

memories of the frame are multiplexed in the bitstream 21 

to be transmitted to a decoding station as a motion 

detection method indication information so that-the same 

5 motion compensation can be performed in the decoding 

station. 

Fig. 22 is a diagram showing the bitstream 21 of 

this embodiment. 

Header information added at the front of a moving 

10 picture sequence includes the motion detection ·method 

indication information. In the encoder, the 

tra:n,sformation types to be used in the respec;tive 

memories are interchangeable, and thus the motion 

detection method indication information indicating a 

15 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 ~emeries can be 

identified in the decoder. 

20 In the decoder, the identified transformation types 

are dynamically assigned to the respective memories. 

Thus, the efficient and adaptive use of the memories 

in response to the characteristic of a local motion of a 

frame is provided by the encoder including the motion 

25 compensator Sb, thereby enhancing prediction eff·iciency. 
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This embodiment has thus disclosed the encoder 

performing on a frame basis. The same effect may be 

expected with an alternative encoder performing on an 

arbitrary shaped vldeo object (VOP) basis. 
. . 

5 Further. this embodiment has thus disclosed the 

. ~ncoder performing on a macroblock basis. 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 

10 block including fixed:size block components. 

Furth,er, this embodiment' has .thus disclosed the 

glo~al-motion parameter detection using the memory-a. 

Alternatively, a single use of the local-motion parameter 

detection is of course applicable involving no global-

15 motion· parameter detection. No global-motion detection 

involves no necessity of transmitting information of a 

global/local pr·edictio~ as the prediction mode. 

Further, this embodiment has thus disclosed the use 

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

20 memo.ries a and b alone, memories a and c alone, or 

memories b and c alone, is also· applicable. 

Further, a decoder may be provided with the 

' prediction picture generating section 100 including the 

same· component as the motion compen·sator 5b discussed in 

25 this embodiment. A motion compensator in a decoder only 
-·-··--·-------:·~----·-----
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generates a single predicted picture based upon a decoded 

motion parameter. 

Embodiment 4. 

5 Another embodiment shows an encoder which receives a 

plural number, two for example, of different video 

objects, having shape information, intermingled in a 

moving picture sequence for a collective encoding. Fig. 

11 shows the configuration of the encoder of this 

. 10 embodiment. 

In the figure, an input picture frame 42, an object 
i 

separator 43, object data 44a, 44b, shape blocks 45a, 

45b, switches 46a, 46b, shape.encoders 47a, 47b, 

compressed shape block data 48a, 48b, locally deco.ded 

15 shape blocks 49a, 49b, texture data (macroblocks) 

50a,50b, motion detectors Sla, 51b, motion parameters 

52a, .52b, motion compensators 53a, 53b, predicted picture 

candidates 54a, 54b, predict'ion mode selectors 55a, 55b, 

prediction mode information 56a, 56b, predicted pictures 

20 57a, 57b, prediction error signals 58a, 58b, texture 

encoders 59a, 59b, compressed· texture data 60a, 60b, 

locally decoded_ prediction error signals 61a~ 6lb, 

locally decoded macroblocks ·62a, 62b, a m~mory update 

unit 63, memory-a 64, memory-b 65, ~emory-c 66, memory-d 

25 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 encoding an . 

object-B are shown. The object encoders 88a, 88b are 

5 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 separator 43. The object separator 43 is assumed 

10 to be assigned a processing me_thod arbitrarily. 

The shape information of an object is transferred 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 encoder 70a, 70b as the compressed shape 

15 block data 48a, 48b. 

The motion detector Sla, 51b detects a motion 

parameter based upon the locally decoded shape block 49a, 

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

A motion parameter can be detected on a macroblock·basis 

20 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_ encoder 88a, and the memories d through fare 

designed to be used for an object-B to be ~Iicoded in the 

· 25 object-B encoder 88b. 
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Also, as for a motion type, an arbitrary transform 

parameter is assumed to be detected on a macroblock basis 

with all the memories in the memory section 94, involving 

no distinction between the motion vector and the warping 

5 · parameter. 

The motion· c_ompensator 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 

10 57a, 57b is obtained along with the prediction mode· 

information 56a, 56b .. The predicted picture 57a, 57b is 

then differentiated from an original signal or the 

texture data 50a, 50b to obtain the prediction error 

signal 58a, 58b, which is encoded in the texture encoder 

15 59a, 59b to be transmitted to the variable-length encoder 

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

6la, 6lb is added to the predicted picture 57a, 57b to 

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

stored into the memories a through f in accordance with 

20 an indication by the memory updat~ unit. 

Object A/B data when encoded·in the object-A/B 

encoder 88a, .88b are multiplexed in the bi tstream ·73 at 

the multiplexer 71 to be transmitted via the buffer 72. 

The prediction of this embodiment is discussed below 

25 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 embodiment 

generates a predicted picture candidate based upon the 

motion parameter 52a, 52b detected in the motion detector 

5 Sla, Slb. 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. i2, an object-B reference judger 74a and an 

10 object-B reference indicator flag 75a are shown. 

The motion parameter 52a includes memory information . . r 

used for detection. A predicted picture candidate is 

generated based upon a parameter value through .. the 

prediction picture memory address calculator 22a and a 

15 memory reader 24a in the same manner as that stated in' 

the first embodiment (step S44 through step S49). The 

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 

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

· The object-B reference judger 74a 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 statiori so as to be used for 

25 deciding whether the object can be reproduced in a single 
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use of the memories a,. b, c of self in the decoding 

station. In order to secure the single use of the 

memories of self when reproducing the object in the 

decoding station, a·limited use of the memories {a, b, c 

5 alone) of self for prediction can be controlled by an 

externally supplied signal 85a at the time of encqding 

l ... I 
the object. 

Thus_, the efficient and adaptive use of the memories 

in response to the characteristic of a local motion of a 

10 frame is provided by the encoder including the motion 

compensator 53a, 53b, thereby achieving an efficient 
i 

prediction. 

This embodiment has thus· disc.Iosed the encoder for 

encoding an object on a macroblock basis. The same 

15 effect may be ~xpected with an alternative encoder for 

encoding a picture on such a picture segment pasis as an 

arbitrary shaped picture segment and a variable shaped 

block including fixed-size block components. 

Further, .a decoder may be provided with the same 

20 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 decoded 

motion parameter. Further, if the decoder is structured 

so as to acknowledge whether a deco~ing object can be 

25 reproduced 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 bi'tstream, 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 object at 

10 each time instance. The encoder of a fifth embodiment 

modifies the encoder of Fig. 1 with a replacement of the 

memory update unit 15. 

Fig. 14 shows the configuration of a memory update 

unit 15a of this embodiment in detail. In the figure, a 

15 memory· expansion judger 76, a memory expansion indicator 

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

memory contraction indicator signal 79 are shown. Fig. 

15 shows an operating flow (step S51 through 863) of the 

memory update unit 15a. 

20 A picture substantially different from the past 

record of a moving picture sequence stored in the 

memories may occur due to a scene change or the like. 

This may cause a deterioration of prediction efficiency 

after the scene change if reference pictures stored in 

25 the existing memories are the only available. For such 
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an occasion, the scene_;change detec;:tor 80 detects a scene 

change, a frame appearing immediately after the detected 

scene change is subject to intra-frame coqing or the 

like, and resultant intra-frame coded data are stored 

5 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 approach of contracting 

the portions which are rarely used for prediction of the 

10 reference pictures stored in the memories is introduced. 

Speci.fically, the frequency in use of memory areas for 

prediction of the respective memories a, b, c is examined 

in the memory update unit 15a based upon the prediction 

mo.de 8. Consequep.tly, · the memory update unit releases a 

15 memory. area identified low in fr~quency from an area for 

use. For example·, with a software based implementation 

of this encoder, limited RAM resources may be used 

effectively. 

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

20 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. 

. 25 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 (step S50). When updating the memory-a, the 

locally decoded picture 14 is written into the memory-a 

(steps S56, S57). The locally decoded picture 14 is 

5 written into the other memories as well in accordance 

with the prediction mode 8 (step S51 through.SSS). 

The updating of the contents. of the memories 

involves the judgement of. memory expansion/contraction. 

The memory expansion judger 76 judges whether to expand 

10 the size of the memory-a (or the memory-b, or the m~mory-

c} based upon the activity 26 used for updating the 
i 

memory-a (steps S58 through S60). When a positive 

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

expansion of the memory is indicated by the memory 

15 expansion indicator signal 77. The memory contrac.tion 

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 

20 ind.icated b_y the memory contraction indicator signal 79 

(steps S6·1 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 

25 memory update unit 15a. In addition, the dynamic 



57 

allocation of memory areas required for prediction 

contributes to the enhancement of prediction efficie.ncy 

and the effective use of memory resources. 

This embodiment has thus disclosed the encoder 

5 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 

encoder for encoding a frame on a macroblock basis. The 

10 sa.lne effect can be exp·ected with an :alternative encoder 

for encoding a picture on such a picture segment basis as 
I 

·an arbitrary shaped picture segment and a variable shaped 

block including fixed-size block components. 

Further, a counterpart decoder may be· provided with 

15 the same component as the memory update unit 15a 

disctiss~d in this embodiment. 

Embodiment 6. 

With reference to the respective previous· 

20 embodiments, the memories to·. be used for prediction are 

changed on a macroblock basis. Alternatively, the 

memories to be used for prediction can be changed on a 

frame or a video o·bject b~sis. ·This eliminates the 

necessity of encoding memory relating information to be 

25 encoded on a frame or a video object basis and memory 
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selection information (which is included in the 

prediction mode 8) to be encoded on a macroblock basis, 

thereby achieving an efficient encoding. 

With reference to the encoder of Fig. 1 of the first 

5 embodiment, for example, the macroblock based changes of 

10 

the memories used for _prediction create the necessity of 

transmitting additional information identifying a memory 

used for prediction on a macroblock basis. According to 

this embodiment, the changing unit of th~ memories to be 

used for prediction is_ limi te.d to a frame or a video 

object, thereby eliminating the additional information to 

be transmitted on a macroblock basis effectively. Fig. 

23 shows a difference of the transmission bitstream 21 of 

this embodiment from the transmission bitstream 21 of 

15 Fig. 20 of the first embodiment. The bitstream of F.ig. 

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 bitstream of Fig. 23 may be effective, 

20 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 

25 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 (e.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 

picture 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 video 

10 object. 

Embodiment 8. 

With reference to the encoders of the previous 

embodiments, a previously detected feature parameter 

15 representing the spatial complexity, perceptual 

significance 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. 

20 For example, a moving picture is assumed 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 a prediction picture segment 

(e.g., a macroblock, an arbitrary shaped picture segment, 

25 an arbitrary shaped block) basis. Consequently, a low 
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quality encoding is assigned to some extent to a less 

significant segment in order to save some·amount of 

encoding for a more significant segment, thereby 

improving an overall picture quality. With the encoders 

5 of this inv.ention 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 

10 significance of a prediction picture segment and then 

determining the use of the memories dynamically based 

upon a detected feature parameter_. For example, as shown 

in Fig. 16, a segment-significance detector 95 is 

provided· for detecting the feature parameter on a segment 

15 basis to determine the significance of the segment. The 

segment-significance detector 95 transfers a segment­

significance to a prediction mode selector 7a and a 

quantization parameter based upon the segment­

significance to a texture encoder lla. With a· segment 

·20 judged more significant in the segment-significance 

detector 95, a most complex mode among two or more 

prediction modes available is used for prediction. 

Specifi~ally, refe~ence pictures from the respective 

·memories a. b, c are used to obtain the motion parameters 

25 and the predicted pictures,·respectively, based upon a 
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complex motion model. In the prediction mode selector 

7a, a prediction mode having the highest prediction 

efficiency is selected 'from among modes including an 

arbitrary combination (e.g .• an arithmetic mean) of the 

5 predicted pictures. At the same time, reference pictures 

of all the memories used· for prediction are updated. The 

texture encoder lla performs an encoding using a 

quantization parameter having a smaller quantization step 

size. With a less significant segment, a simplified 

10 prediction mode (i.e.·, a parallel translation amou~t 

detection using a single memory) is employed for 

prediction and a quantization parameter having a larger 

quantization step size is utilized for encoding, 

regardless of the amplitude of an obtained prediction 

15 error signal, so that an amount of encoding be reduced. 

Through this contrql, 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 

20 given amount of _encoding. 

Embodiment 9. 

·In an encoder where a moving picture sequence is 

predicted and encoded by using two tir more memories, a 

25 parameter representing an amount of encoding available 

'· 
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for the moving picture sequence at·. each time instance, an 

amount of a change in a scene at a certain time instance 

(e.g., a scene change detection), or the feature 

parameter or significance of a predfction picture segment 

5 described in the eighth embodiment may be detected 

previously. The values of these parameters may be used 

.for predictlng a picture at a particular time instance in 

a predictlon system .. Alternatively, ·these values may be 

utilized as judging tools for.selecting~ reference 

10 memory area in a prediction system. A frame-significance 

de·tector 96 may be provided for determining the 
' 

significance on a frame basis as shown in Fig. 17. The 

frame-significance detector 96 detects, for example, an 

amount of a change in a motion between the current and 

15 the previous frame (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 

20 current frame informed by the transmission buffer 20. 

Based u~on the final significance; a more significant 

frame may be predicted by using all th·e .prediction 

methods and reference memory·areas available for the 

maximum possible improvement of prediction efficiency, 

25 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 encoding so as to reduce 

the throughput. An alternative encoder for performing 

intra-frame coding alone involving no prediction at a 

scene change may be possible. In addition, a more 

sophisticated qu~lity control may be achieved with a 

joint use of the segment-significance detector 95 

discussed in the eighth embodiment. Through this 

control, a less significant frame reduces its quality to 

10 some extent and a more significant·frame maintains its 

quality·by a high-qµality prediction, thereby improving 

an overall picture quality within a given amount of 

encoding. 

The idea of this embodiment is also applicable to a 

15 softwa~e based encoding being_ associated with unsteady 

transaction processes and unsteady size of available 

storage in order to achieve an. efficient encoding in the. 

maximum use of available resources. This reduces a 

throughput with a less significant frame, thereby 

20 accelerating a general processing speed. · 

Embodiment 10. 

In an ~n~oder where a moving picture sequence 

including' two or more video objects is predicted and 

25 encoded by using two or more memories, as shown in Fig. 
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11, a parameter representing a gross amount of encoding 

available for the sequence, an available amount of 

encoding of a video object at each time instance, an 

amount of a change in a vi_deo object at each particular 

time instance (e.g., the appearance/disappearance of an 

object), a level of ~ignificance/attention of a video 

object in ~ particular scene, or the feature parameter or 

significance of a prediction picture segment discussed in 

the eighth and ninth embodiments may be detected 

10 previously. The values of these parameters may be 

15 

20 

utilized for predicting a video object at each particular 

time instance. Alternatively, these values may be 

utilized as judging tools 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 instance, or the appearance/disappearance of 

an object. In addition, the significance of an object at 

each time instance is determined' in consideration of the 

occupational proportion of a buffer 72x for storing the 

encoded data of all the objects and the occupational 

proportion of virtual buffers 72a through 72n for the 

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

in part, for example, then the following control may be 

applied to this type of segment because this type of 

se.gm.ent 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 corresponding virtual buffer of the object. 

Significance detected in the significance detectors ·97a 

10 through 97n is transferred to object 1 through N encoders 

98a through 98n, where a full use of the prediction 

15 

methods and the reference memory areas available is 

allowed to a more significant object so as to imp.rove 

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 

20 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 

25 achieved on a prediction segment basis of an object in a 
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joint use of the object 1 through N encoders 98a through 

98n and the segment-significance detector 95 discussed in 

the eighth embodiment. Through this control, a less 

significant object is reduced in quality to some extent 

5 a~d a more significant object manages to maintain its 

quality through a sophisticated prediction, ther.eby 

improving an overall qua~ity wtthin a given amount of 

encoding. 

10 Embodiment 11. 

15 

An alternative encoder may be provided with a 
I 

prediction information encoder 91 for allocating a c·ode 

(encoding) to prediction relating encoding information 

(e.g., a reference memory number) as shown in Fig, 19. 

In the encoder where- a moving_picture sequence or a 

video object is predicted and encoded by using the 

memories a, b, c, the memories may be ranked based upon 

frequency in use for prediction with ranks being updated 

dynamically during an encoding operation. Consequently, 

20 a code allocation is performed to the prediction relating 

encoding 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 

25 update unit 15b may be provided with a counter 92 which 
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counts the times of the respective memories a, b, c to be 

used for prediction, ranks the memories a, b, c based 

upon· counted values, and outputs resultant ranking 

information 90. This ranking may be .Performed on a 

5 picture (VOP) basis at a particular time instance of a 

:frame or a video object, and alternatively, on a smaller 

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

macroblcok, an arbitrary shaped segment, and an arbitrary 

shaped block}. 

10 This shows how often the respective memories are 

used for prediction. A memory in a frequent use for 
i 

prediction is the most significant for prediction, and 

thus, .a high frequency in use for reference corresponding 

to a high rank. 

15 ·When encoding information on the frequency in use 

for prediction of.the memories on a prediction picture 

segment basis, a memory in a frequent use for reference 

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

enhance encoding efficiency. 

20 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 parameter value generated frequently, thereby 

25 achieving an efficient encoding of the prediction 
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information. 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 

5 counter 92 in the memory update unit 15b and encodes the 

prediction information using a variable-length code based 

.upon the ranking information 90. • 

Embodiment 12. 

10 Fig. 24 shows the configuration 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 

15 coefficient 12, a quantization orthogonal transform 

coefficient 12a, a quantization step 12b •. a texture 

decoder 111, a dequantizer llla, an inverse orthogonal 

transformer lllb, a decoding adder 190, a decoded picture 

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

20 memory-b update information 1001, memory-c update 

information 1002, the motion vector 4 (a motion 

parameter) , ·the prediction memory indication in.;formation 

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

segment,. a motion compensator 105, a memory-a 116, a 

25 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 

prediction picture generation section lOOa. The memories 

a, b, c 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 memory-c is assumed to be a 

dynamic sprite memory. The decoder of this embodiment is 

10 assumed to receive the bitstream 21 of Fig. 22. Although 

not shown in Fig. 22, the memory-b update information 

1001 and the memory-c update information 1002 are assumed 

to be transmitted in the bitstream. The memory-b update 

information 1001 is assumed to include an update 

15 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 

20 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 transfo~m 

25 coefficient 12a is transferred to the dequantizer 119a to 
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be dequantized by using the quanti~ation step 12b. A 

dequantized result is subject to inverse orthogonal 

transformation in the inverse orthogonal transformer lllb 

to obtain a decoded texture, which is transferred to the 

5 decoding adder 190. Orthogonal transformation employed 

here is the same as that employed in an encoding station 

such as Discrete. Cosine Tranaformation (DCT). 

The motion compensator 105 inputs the motion vector 

4, the prediction memory indication information 800, and 

10 information indicating the ln-screen location 195 of a 

15 

prediction picture segment included· in the bitstream 21, 
! 

all of .which are decoded in the variable-length decoder 

119. The motion compensator 10.5 reads oJ,i.t a. right 

predicted picture frpm reference pictures stored in the 

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

information. The in-screen location 195 of a prediction 

picture segment can be obta·ined by counting the number of 

macroblocks, other than from the information included in 

the bitstream. The process of generattng a predicted 

20 picture will be discussed in a later section for 

describing the operatlon of the motion compensator 105 in 

detail. 

The decoding adder 190, based upon the information 

of the prediction mode 8, outputs an output from the 

25 · inverse orthogonal transformer.lllb directly as the 
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decoded picture 101 with a block through intra-frame 

coding, and, with a block through inter-frame coping, 

adds an output from the inverse orthogonal transformer 

lllb to the predicted picture 106 to be outputted as the 

5 decoded picture· 101. The decoded picture 101 is 

transferred to the display controller 191 to be outputted 

to a display.device and also transferred to the memories 

a; b, c to be stored as a reference picture for a later 

use in decoding. A memory writing operation is 

10 controlled by the mempry update unit 115 based upon the 

prediction mode 8. 

A predicted picture generation performed in the 

motion compensator 105 in the prediction picture 

generation section lOOa is now discussed. According to 

15 this embodiment, the.prediction method of a picture is 

determined based upon the prediction memory indication 

information 800. The decoder of this embodiment 

g~nerates a predicted picture using a reference picture 

·through predetermined coordinate transformation.and 

20 interpolation based upon the motion vector 4 and the 

prediction memory indication information 800. Coordinate 

transform methods are assigned previ~usly to the 

respective memories to be used. for prediction. For 

example, the· following approaches are possible similar to 

25 the picture transform methods described in the third 
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embodiment. 

THIS SHEET HAS BEEN 
REPLACED 

(1) the memory-a used for prediction (with the 

prediction memory identification information 800 

,indicating the use of the memory-a) 

The coordinates 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 

is read out as the predicted picture. 

(2) the memory-b used for prediction (with the 

10 prediction memory identification information 800 

indicating the use of the memory-b) 

An affine transform expression is found based upon 

the motion vector. the coordinates of each pixel of a , 

prediction segment are displaced based upon the transform 

15 expression, and picture data at a corresponding location 

in the memory-c i~ read out as a predicted picture. 

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

prediction memory identification information 800 

indicating the use of the memory-c) 

20 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 memory-b is read out as a predicted 

25 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 162 for the memory-a, a 

corresponding point determiner 163 for the memory-b, a 

5 corresponding point determiner 164 for the memory-c, a 

memory read address generator 165, a switch 166, and an 

interpolator 167 are shown. Fig. 26 is a flowchart 

illustrating the optation of the motion compensator 105. 

The operation of the motion compensator 105 of this 

10 embodiment is described below·with reference to Figs. 25 

and 26. 

1) Deter~ining a corresponding point 

Initially, the corresponding point determiner of a 

corresponding memory is selected by the switch' 161 based 

15 upon the prediction memory indication information 800. 

The vector 4 is then inputted to a selected corresponding 

point determinei. In this section, a predicted picture 

location corresponding to each memory is calculated, 

which is explained below with each memory. 

20 1-1) the memory-a indicated by the prediction memory 

indication information 800 (step 8100) 

A predicted picture location is calculated through 

parallel translation based upon a motion vector (step 

SlOl). Specifically, a predicted picture location 

25 (x' ,y') corresponding to a pixel at a prediction picture 
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~egm~nt location (x,y) is determined based upon a motion 

vector (a, b) according to :the following expression. 

x' = x + a 

y' = y + b 

5 A determined predicted picture location is outputted to 

the memory read address g~nerator 165. 

1-2) ·the memory-b indicated by the prediction memory 

indication information 800 (step S103) 

An affine transform expression is determined based 

10 upon the motion vector 4. Specifically,· an affine 

15 

.. 

parameter (a, b, c, 8) of the following expression is 

determined by using the motion vector of a vertex of a 

rectangular area enclosing a prediction picture segment, 

x' = a(cos &jx + a(sin 8)y + b 

y'· = a(-sin 8)x + a(cos 8}y +c 

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

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

predictie>n picture segment to be outputted to the memory 

read address generator 165 (step S104). 

20 1-3) the memory-c indicated by the prediction memory 

indication information 800 (step S106) 

A perspective transform expression is determined 

·based upon a motion vector. Specifically, a perspective 

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

25 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 + c) I (gx + hy + 1) 

y' = (dx + ey + f) /· (gx + hy + 1) 

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

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

prediction. picture segment t.o be outputted to the memory 

read address generator (step Sl07). 

2) Reading out data for generating a predicted picture 

·Based upon the predicted picture location (x', y' '> 

10 outputted from a selected corresponding point determiner, 

the memory read address generator 165 generates a memory 

address for specifying the locati.on of picture data 

required for generating a predicted picture in a 

reference picture stored in a memory, and reads out the 

15 data for generating a predicted picture (steps 8102, 105, 

108). 

3) Generating a predicted picture 

Among the component pixels of a predicted picture, 

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

20 generating a predicted picture is used directly as a 

component pixel of a predicted picture,· and with a pixel 

at a real number precision pixel location, the data for 

·generating a predicted picture is subject· to 

interpolation in the interpolator 167 to generate an 

25 interpolated pixel value (steps S109, SllO, Slll). Fig. 
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26 illustrates an interpolated pixel value generati.on. 

In Fig. 26. (i0• Jp) denotes an integer pixel location, 

(jP, jP) 4enotes a real number precision pixel location, 

and w denotes a weight. 

5 4) Updating a memory (a reference picture) 

Fig. 28 shows a flowchart illustrating a control 

operation of the memory update unit 115. The memory 

update unit 115 controls an updating of the respective 

memories on a readout unit basis (e.g., a macrobl.ock) -of 

10 a predicted picture based upon the prediction mode 8 (or 

the prediction memory indication information 800). With 

the memory-a used for prediction (·step 8112), the 

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

regularly with the decoded picture 101 (step Sl13). With 

15 the memory-bused for prediction (step Sll4)~ 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 

20 regularly with the decoded picture 101 (step 8115). 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 

25 8116). With the memory~c used for prediction (step 



.. ~ 
' 

77 

8117), the contents of the memory-a and the memory-care 

updated regularly by using the decoded picture 101 (step 

8118). When receiving the update indication by the 

memory update information, the memory update unit updates 

5 the content of the memory-c with received picture data 

included in the memory-c update information 1002 (step 

8119) . 

The use of the three memories a, b, c of this 

embodiment may ~e replaced by the use of two memories 

10- thereof, for example, with the memories a and b, that ~s. 

a frame memory and a static sprite memory. 

Alternatively~ the ·memories a and c, that is, a frame 

memory and a dynamic memory, may be used .. 

As aforementioned, according to the decoder of this 

15 embodiment, the bitstream 21 encoded through an efficient 

predtction using the various kinds of motion parameters 

in response to the motion of a picture can be decoded.· 

In addition, the decoder is applicable to the arbitrary 

updating approach of the' contents of a reference picture 

20 at a timing determined in the encoding station, thereby 

achieving 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 

25 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 

compensat9r and memory update unit. 

Further, this embo~iment may be applied not only to 

a decoder for decoding data on a fixed-size block basis,· 

.e.g .• for decoding a normal television signal on a frame 

basis, but also to a decoder for decoding an arbitrary 

shaped video object (e.g., a Video Object Plane disclosed 

in ISO/IEC JTC1/SC29/WG11/N1902) as a unit without 

limiting a predi~tion segment to a fixed-size block. 

Industrial Feasibility 

As discussed above, the memory areas provided for 

storing reference pictures according to this embodiment 

15 enables the adaptive ~se of the memories for storing data 

based upon the characteristic of the moving picture 

sequence. In addition, the contents of one or more of 

the memory areas can be updated at an arbitrary t_iming. 

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

20 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 

25 picture sequence. 
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Further, the transform parameter value ranges are 

assigned to the memory areas for making the respective 

memory areas effective, and the memory areas are switched 

to be used for prediction among them based upon the value 

5 of the transform.parameter of a prediction picture 

segment, thereby achiev~ng 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 10 

motion parameter value ranges of the re£erence mem~ry 

areas. 

Further, to the respective memory areas, the 

transform methods becoming effective in the respective 

15 memories are 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 

20 the moving picture sequence. At the same time, the 

transform method can 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: 

THIS SHEET HAS BEEN 
REPLACED 

1. A moving picture prediction system for predicting a 

moving picture t.o be implemented in at least one 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 used for predictio·n, the pl-urali ty 

of memorie.s corresponding to different transform 

methods, respect.ively; and 

10 a prediction 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 stored in one of the 

plurality of memories used for the picture segment 

15 to be predicted based.upon the parameter and one of 

the transform methods corresponding to the one of 

the plurality of memories. 

2. The moving.picture prediction system of claim 1, 

20 wherein the encoder generates a prediction memory· 

indication information signal indicating· the one of the 

plurality of memories used for generatin~ the predicted 

·picture and transmits the predi~tion memory indi6ation 

information signal and the parameter to a decoding 

25 station so as. to generate the.predicted picture using the 
..... ;~.J.-

-·--····-·--· 
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picture data stored in the one of the plurality of 

memories based upon the one of the transform methods 

corresponding to the one of the plurality of memories in 

the decoding station. 

5 

3. The moving picture prediction system of claim_ 1, 

wherein the decoder receives the- parameter and a 
. I v 

prediction memory indication information s~nal indicating 

the one of the plurality of memories used for generating 

10 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 the transform methods 

15 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 d~coding, the movi~g picture prediction 

20 system comprising: 

a plurality of memoties for ,toring picture data for 

reference to be used for prediction, the plurality 

of memories being assigned to different parameter 

effective value ranges, respectively; and 

25 a prediction picture generation section for receiving a 
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Parameter representing a motion of a picture segment 

to be predicted, for selecting one of the plurality 

of memories assigned to one of the parameter 

effective value ranges including a value of the 

parameter, and for generating a predicted picture 

using the picture data stored in a selected me~ory. 

5. A moving picture prediction system for predicting a 

moving picture to be implemented in at least one of an 

10 encoding and a de.codi~g, the moving picture prediction 

15 

20 

25 

system comprising: 

a plurality of memories for storing-picture data for 
I ,·. 

reference to be used for prediction·; and 

a prediction picture generation section including 

6. 

a ·motion compensator/for receiving a parameter 

representing a motion 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 an arbitrary timing. 

The moving picture prediction system of claim 1, 4, 
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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 include$ separate 

first and second pluralities of memories corresponding to 

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

prediction picture generation secti9n includes separate 

first and second generators, respective.ly, correspondlng ' 

to the first and second video objects, 

wherein the first generator uses the picture data 

10 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 

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 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 picture prediction system of claim 1. 4 

25 ·Or 5, wherein the prediction picture generation section 
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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 syst·em of claim 1, 

wherein the predi_ction picture generation section 

· generates the predicted picture by calculating a 

\ ... ./ 
plurality· of the predict~d pictures generated by using 

the respective picture data stored in the plurality of 

10 memories. 

10. The moving picture prediction system of claim 1 

further comprising: 

a significance detector for detecting a feature parameter 

15 r~presenting a significance of tbe picture segment 

to be predicted, 

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 

20 methods, the plurality of memories, and a plurality of 

memory update methods. 

·· 11. The moving picture pre<;ii-ction system of claim 1 or 5 

further comprising: 

25. a significance detector for detecting a parameter 
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representing at least one of an·amount of bits 

·available for coding the picture segment to be 

predicted, an amount of change of the picture 

segment at each time instance, and a significance of 

the picture segment; 

wherein the prediction picture generation section 

generates the predicted picture by selecting at least one 

of choices of at least one of a p.lurali ty of prediction 

.methods, the plurality of memories, a plurality of memory 

10 update methods. 

15 

20 

12. The moving picture prediction system of claim 1 or 

5, wherein the moving picture is predicted on a video 

object basis, 

wherein the moving picture prediction system further 

comprising: 

a significance detector for detecting a parameter 

representing at least one of an amount of bits 

available for coding a video object to be. predicted, 

an amount of change in the video object at · eac.h time 

instance, and a significance of the video object; 

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 

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: 

5 a prediction information encoder for encoding prediction 

relating information of the moving picture; 

wherein the predic~ion picture generation section 

counts a number of times of a memory used for prediction 

and determines _a rank of the plurality of memories based 

10 upon a counted number of the times, 

wherein the prediction in:format·ion encoder allocates 

a code length· to the prediction relating information to 

be encoded based upon the rank of a memory used for 

prediction. 

15 

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 memory for storing a sprite.picture. 

20 

15. The moving picture predict_ioi1 syste·m of claim 14, 

wherein the sprite memory includes at least ·one of a 

·dynamic sprite memory invoiving a regular updating, and a 

static sprite memory not involving the regular updating. 

25 
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16. The moving picture prediction system of claim 14, 

wherein the one of the transform methods corresponding to 

the one of the plurality of 'lllemories is at least one of a 

parallel translation, an affine transformation, and a 

5 perspective transformation in an interchangeable manner. 

17. A method fo.r predicting a moving picture to be 

implemented in at least one of an encoding or a decoding, 

the method comprising the-steps of: 

10 storing picture data for reference to be used for 

prediction in a plurality of·memor~es; 

· correspondi.ng d.1 ff erent transform method$ with the 

plurality of memories, respectively; 

rec.el ving a parameter repre~enting a motion of a picture 

15 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 method.s being 

20 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: 

25 generating a prediction memory indication information 
----
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signal indicating the one of the plurality of 

memories used for th~ picture segment to be 

predicted; and 

transmitting the prediction memory indication information 

5 signal and the parameter to a decoding station. 

19. The method for predicting a moving pictur_e of claim 

17 to be implemented in the decoding, the method further 

·comprislng the step of: 

10 receiving a prediction memory indication information 

signal indicating the one of the plurality of 

memories used for generating the predicted picture 

and the parame·ter representing a motion of the 

~icture segment to be predicted from an encoding 

15 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: 

20 storing picture data for reference to be used fo~ 

prediction in a plurality of memories; 

assigning separate parameter effective value ranges to 

the plurality of ~emeries, respectively; 

receiving a parameter representing a motion of a picture 

·25 segment to be predicted; 
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selecting one of the-plurality of memories assigried to 

one of the parameter effective value 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 predicting a moving picture to·be 

implemented in at least one of an encoding and a 

decoding, the method comprising 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 predicted picture using the picture data 

15 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. 

--------
-Th\iiilr 


