
1 

 

SPECIFICATION 

TITLE OF THE INVENTION 

MOVING IMAGE ENCODING DEVICE AND MOVING IMAGE DECODING DEVICE 

FIELD OF THE INVENTION 

[0001] 5 

The present invention relates to a moving image enc oding 

device which divides a moving image into predetermi ned areas 

and encodes the moving image in units of one area, and a moving 

image decoding device which decodes an encoded movi ng image in 

units of one predetermined area. 10 

BACKBROUND OF THE INVENTION 

[0002] 

Conventionally, in an international standard video 

encoding system, such as MPEG or ITU-T H.26x, a met hod of 

defining block data (referred to as "macroblock" fr om here on) 15 

as a unit, the block data being a combination of 16 ×16 pixels 

of brightness signal and 8×8 pixels of color differ ence signal 

corresponding to the 16×16 pixels of brightness sig nal, and 

compressing each frame of a video signal in units o f block data 

in accordance with a motion compensation technique,  and an 20 

orthogonal transformation/transform coefficient qua ntization 

technique is used. 

[0003] 

The motion compensation technique is used to reduce  the 

redundancy of a signal in a time direction for each  macroblock 25 

by using a high correlation existing between video frames.  In 

accordance with this motion compensation technique,  an 

already-encoded frame which has been previously enc oded is 

stored in a memory as a reference image, and a bloc k area which 

provides the smallest difference in electric power between the 30 

block area itself and the current macroblock which is a target 
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block for the motion-compensated prediction is sear ched for 

through a search range predetermined in the referen ce image, 

and a spatial displacement between the spatial posi tion of the 

current macroblock and the spatial position of the block area 

in the reference image which is determined as the r esult of the 5 

search is then encoded as a motion vector. 

[0004] 

Further, in accordance with the orthogonal 

transformation/transform coefficient quantization t echnique, 

a differential signal which is acquired by subtract ing a 10 

prediction signal acquired as the result of the abo ve-mentioned 

motion-compensated prediction from the current macr oblock is 

orthogonal transformed and quantized so that the am ount of 

information is compressed. 

[0005] 15 

In the case of MPEG-4 Visual, each block which is u sed 

as a unit for motion-compensated prediction has a m inimum size 

of 8×8 pixels, and DCT (discrete cosine transform) having a 8×8 

pixel size is used also for orthogonal transformati on.  In 

contrast with this, in the case of (ITU-T H.264) MP EG-4 AVC 20 

(Moving Picture Experts Group-4 Advanced Video Codi ng), a 

motion-compensated prediction with a block size sma ller than 

8×8 pixels is prepared in order to efficiently carr y out 

encoding on even an area, such as a boundary betwee n objects, 

having a small correlation between pixels in a spac ial 25 

direction.  Further, in the orthogonal transformati on, the 

compression and encoding can be carried out by adap tively 

switching between 8×8-pixel DCT having integer pixe l accuracy 

and 4×4-pixel DCT having integer pixel accuracy on a 

per-macroblock basis. 30 
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[0006] 

In accordance with such a conventional internationa l 

standard video image encoding method, particularly when the 

resolution of the image becomes higher resulting fr om the 

macroblock size being fixed, an area which is cover ed by each 5 

macroblock is easily localized because the macroblo ck size is 

fixed.  As a result, there occurs a case in which a  peripheral 

macroblock is placed in the same encoding mode or t he same motion 

vector is allocated to a peripheral macroblock.  In  such a case, 

because the overhead of encoding mode information, motion 10 

vector information and so on which are encoded even  though the 

prediction efficiency is not improved increases, th e encoding 

efficiency of the entire encoder is reduced. 

[0007] 

To solve such a problem, a device which switches be tween 15 

macroblock sizes in accordance with the resolution or the 

contents of an image is disclosed (for example, ref er to patent 

reference 1).  The moving image encoding device dis closed by 

patent reference 1 can carry out compression and en coding by 

switching between selectable orthogonal transformat ion block 20 

sizes or between selectable sets of orthogonal tran sformation 

block sizes in accordance with the macroblock size.  

Related art document 

Patent reference 

[0008] 25 

Patent reference 1: WO 2007/034918 

SUMMARY OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0009] 

A problem with the conventional international stand ard  30 
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video image encoding methods and the invention disc losed by 

patent reference 1 is, however, that because transf ormation 

cannot be carried out by switching among a pluralit y of 

orthogonal transformation block sizes within each m acroblock, 

the encoding efficiency is reduced particularly whe n an object 5 

having a different movement or a different pattern exists in 

a macroblock. 

[0010] 

The present invention is made in order to solve the  

above-mentioned problem, and it is therefore an obj ect of the 10 

present invention to provide a moving image encodin g device 

which can carry out compression and encoding by ada ptively 

switching among orthogonal transformation block siz es for each 

area which is a unit for motion-compensated predict ion in each 

macroblock, and a moving image decoding device. 15 

MEANS FOR SOLVING THE PROBLEM 

[0011] 

In accordance with the present invention, there is 

provided a moving image encoding device including a n encoding 

controlling unit for selecting a certain transforma tion block 20 

size from a set of transformation block sizes prede termined in 

accordance with a block size of a block image to no tify the 

transformation block size selected thereby to a 

transformation/quantization unit, in which the 

transformation/quantization unit divides a predicti on 25 

difference signal into blocks having the transforma tion block 

size notified thereto from the encoding controlling  unit, and 

carries out a transformation and quantization proce ss on each 

of the blocks to generate compressed data. 

[0012] 30 
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In accordance with the present invention, there is 

provided a moving image decoding device in which an  inverse 

quantization/inverse transformation unit determines  a 

transformation block size on the basis of a decoded  encoding 

mode and transformation block size information incl uded in 5 

compression parameters, and carries out an inverse 

transformation and inverse quantization process on the 

compressed data in units of one block having the tr ansformation 

block size. 

ADVANTAGES OF THE INVENTION 10 

[0013] 

In accordance with the present invention, because a  

certain transformation block size is selected from among a set 

of transformation block sizes which are predetermin ed in 

accordance with the block size of a block image, an d a prediction 15 

difference signal is divided into blocks having the  

transformation block size and a transformation and quantization 

process is carried out on each of the blocks to gen erate 

compressed data, a moving image encoding device and  a moving 

image decoding device which can carry out compressi on and 20 

encoding by adaptively switching among the transfor mation block 

sizes for each area which is a unit for motion-comp ensated 

prediction in each macroblock can be provided. 

BRIEF DESCRIPTION OF THE FIGURES 

[0014] 25 

[Fig. 1] Fig. 1 is a block diagram showing the stru cture of a 

moving image encoding device in accordance with Emb odiment 1 

of the present invention; 

[Fig. 2A] Fig. 2A is a view showing an example of e ncoding modes 

for pictures in each of which predictive encoding i n a time  30 
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direction is carried out; 

[Fig. 2B] Fig. 2B is a view showing another example  of the 

encoding modes for pictures in each of which predic tive encoding 

in a time direction is carried out; 

[Fig. 3] Fig. 3 is a block diagram showing the inte rnal structure 5 

of a motion-compensated prediction unit of the movi ng image 

encoding device in accordance with Embodiment 1; 

[Fig. 4] Fig. 4 is a view explaining a determining method of 

determining a predicted value of a motion vector in  accordance 

with an encoding mode; 10 

[Fig. 5] Fig. 5 is a view showing an example of ada ptation of 

a transformation block size in accordance with an e ncoding mode; 

[Fig. 6] Fig. 6 is a view showing another example o f the 

adaptation of a transformation block size in accord ance with 

an encoding mode; 15 

[Fig. 7] Fig. 7 is a block diagram showing the inte rnal structure 

of a transformation/quantization unit of the moving  image 

encoding device in accordance with Embodiment 1; 

[Fig. 8] Fig. 8 is a block diagram showing the stru cture of a 

moving image decoding device in accordance with Emb odiment 1 20 

of the present invention; 

[Fig. 9] Fig. 9 is a block diagram showing the inte rnal structure 

of a variable length encoding unit of a moving imag e encoding 

device in accordance with Embodiment 2 of the prese nt invention; 

[Fig. 10] Fig. 10 is a view showing an example of a  binarization 25 

table in a state in which the binarization table is  yet to be 

updated; 

[Fig. 11] Fig. 11 is a view showing an example of a  probability 

table; 

[Fig. 12] Fig. 12 is a view showing an example of a  state  30 
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transition table; 

[Fig. 13] Fig. 13 is a view explaining a procedure of generating 

context identification information, Fig. 13(a) is a  view 

showing the binarization table in binary tree repre sentation, 

and Fig. 13(b) is a view showing a positional relat ionship 5 

between a macroblock to be encoded and peripheral b locks; 

[Fig. 14] Fig. 14 is a view showing an example of t he binarization 

table in a state in which the binarization table ha s been 

updated; 

[Fig. 15] Fig. 15 is a block diagram showing the in ternal 10 

structure of a variable length decoding unit of a m oving image 

decoding device in accordance with Embodiment 2 of the present 

invention; and 

[Fig. 16] Fig. 16 is a block diagram showing the in ternal 

structure of an interpolated image generating unit with which 15 

a motion-compensated prediction unit of a moving im age encoding 

device in accordance with Embodiment 3 of the prese nt invention 

is provided. 

EMBODIMENTS OF THE INVENTION 

[0015] 20 

Hereafter, the preferred embodiments of the present  

invention will be explained in detail with referenc e to the 

drawings. 

Embodiment 1. 

In this Embodiment 1, a moving image encoding devic e which 25 

carries out a motion-compensated prediction between  adjacent 

frames by using each frame image of a video image a s an input 

and carries out a compression process using orthogo nal 

transformation and quantization on an acquired pred iction 

difference signal, and, after that, carries out var iable length  30 
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encoding to generate a bitstream, and an moving ima ge decoding 

device which decodes the bitstream will be explaine d. 

[0016] 

Fig. 1 is a block diagram showing the structure of a moving 

image encoding device in accordance with Embodiment  1 of the 5 

present invention. The moving image encoding device  shown in 

Fig. 1 includes a block dividing unit 2 for dividin g each frame 

image of an inputted video signal 1 into macroblock  images of 

a plurality of more blocks each having a macroblock  size 4 and 

further dividing each of the macroblock images into  a 10 

macro/subblock image 5 of one or more subblocks in accordance 

with an encoding mode 7 to output this macro/subblo ck image 5, 

an intra-prediction unit 8 for, when receiving a ma cro/subblock 

image 5 inputted thereto, carrying out an intra-fra me 

prediction on the macro/subblock image 5 by using a n image 15 

signal stored in a memory 28 for intra prediction t o generate 

a prediction image 11, a motion-compensated predict ion unit 9 

for, when receiving a macro/subblock image 5 inputt ed thereto, 

carrying out a motion-compensated prediction on the  

macro/subblock image 5 by using a reference image 1 5 stored in 20 

a motion-compensated prediction frame memory 14 to generate a 

prediction image 17, a switching unit 6 for inputti ng a 

macro/subblock image 5 to either one of the intra-p rediction 

unit 8 and the motion-compensated prediction unit 9  in 

accordance with the encoding mode 7, a subtraction unit 12 for 25 

subtracting the prediction image 11 or 17 which is outputted 

from either one of the intra-prediction unit 8 and the 

motion-compensated prediction unit 9 from the macro /subblock 

image 5 outputted from the block dividing unit 2 to  generate 

a prediction difference signal 13, a  30 
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transformation/quantization unit 19 for carrying ou t a 

transformation and quantization process on the pred iction 

difference signal 13 to generate compressed data 21 , a variable 

length encoding unit 23 for entropy-encoding the co mpressed 

data 21 to multiplex this compressed data into the bitstream 5 

30, an inverse quantization/inverse transformation unit 22 for 

carrying out an inverse transformation and inverse quantization 

process on the compressed data 21 to generate a loc al decoded 

prediction difference signal 24, an adder unit 25 f or adding 

the prediction image 11 or 17 outputted from either  one of the 10 

intra-prediction unit 8 and the motion-compensated prediction 

unit 9 to the output of the inverse quantization/in verse 

transformation unit 22 to generate a local decoded image signal 

26, the memory 28 for intra prediction for storing the local 

decoded image signal 26, a loop filter unit 27 for carrying out 15 

filtering on the local decoded image signal 26 to g enerate a 

local decoded image 29, and the motion-compensated prediction 

frame memory 14 for storing the local decoded image  29. 

[0017] 

An encoding controlling unit 3 outputs pieces of 20 

information required for the process carried out by  each unit 

(the macroblock size 4, encoding modes 7, an optimu m encoding 

mode 7a, prediction parameters 10, optimum predicti on 

parameters 10a or 18a, compression parameters 20, a nd optimum 

compression parameters 20a).  Hereafter, the detail s of the 25 

macroblock size 4 and the encoding mode 7 will be e xplained.  

The details of the other pieces of information will  be mentioned 

later. 

[0018] 

The encoding controlling unit 3 notifies the block  30 

 



10 

 

dividing unit 2 of the macroblock size 4 of each fr ame image 

of the inputted video signal 1, and also notifies t he block 

dividing unit 2 of all selectable encoding modes 7 in accordance 

with the picture type for each macro block to be en coded.  

Although the encoding controlling unit 3 can select  a certain 5 

encoding mode from among a set of encoding modes, t his set of 

encoding modes is arbitrarily set up.  For example,  the encoding 

controlling unit can select a certain encoding mode  from among 

a set shown in Fig. 2A or 2B which will be mentione d below. 

[0019] 10 

Fig. 2A is a view showing an example of encoding mo des 

for a P (Predictive) picture in each of which predi ctive 

encoding in a time direction is carried out.  In Fi g. 2A, 

mb_mode0 to mb_mode2 show modes (inter) in each of which a 

macroblock (M×L pixel block) is encoded by using an  inter-frame 15 

prediction.  mb_mode0 is the mode in which a motion  vector is 

allocated to the whole of a macroblock, mc_mode1 an d mc_mode2 

are the modes in each of which a macroblock is divi ded into equal 

parts which are aligned horizontally or vertically,  and 

different motion vectors are allocated to the subbl ocks into 20 

which the macroblock is divided, respectively.  mc_ mode3 is the 

mode in which a macroblock is divided into four par ts, and 

different encoding modes (sub_mb_mode) are allocate d to the 

four subblocks into which the macroblock is divided , 

respectively. 25 

[0020] 

sub_mb_mode0 to sub_mb_mode4 are the modes each of which, 

when mb_mode3 is selected as the encoding mode of a  macroblock, 

can be allocated to each of the four subblocks (mxl  pixel blocks) 

into which the macroblock is divided.  sub_mb_mode0  is the mode  30 
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(intra) in which a subblock is encoded by using an intra-frame 

prediction.  The other modes are the modes (inter) which a 

subblock is encoded by using an inter-frame predict ion.  

sub_mb_mode1 is the mode in which one motion vector  is allocated 

to the whole of a subblock, sub_mc_mode2 and sub_mc _mode3 are 5 

the modes in each of which a subblock is divided in to equal parts 

which are aligned horizontally or vertically, and d ifferent 

motion vectors are allocated to the subblocks into which the 

subblock is divided, respectively, and sub_mb_mode4  is the mode 

in which a subblock is divided into four parts, and  different 10 

motion vectors are allocated to the four subblocks into which 

the subblock is divided, respectively. 

[0021] 

Further, Fig. 2B is a view showing another example of 

encoding modes for a P picture in each of which pre dictive 15 

encoding in a time direction is carried out.  In Fi g. 2B, mb_mode 

0 to 6 are the modes (inter) in each of which a mac roblock (M×L 

pixel block) is encoded by using an inter frame pre diction.  

mb_mode0 is the mode in which one motion vector is allocated 

to the whole of a macroblock, and mb_mode1 to mb_mo de6 are the 20 

modes in each of which a macroblock is divided into  two parts 

which are aligned horizontally, vertically or diago nally, and 

different motion vectors are allocated to the two s ubblocks into 

which the macroblock is divided, respectively.  mb_ mode7 is the 

mode in which a macroblock is divided into four par ts, and 25 

different encoding modes (sub_mb_mode) are allocate d to the 

four subblocks into which the macroblock is divided , 

respectively. 

[0022] 

sub_mb_mode0 to sub_mb_mode8 are the modes each of which,  30 
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when mb_mode7 is selected as the encoding mode of a  macroblock, 

can be allocated to each of the four subblocks (mxl  pixel blocks) 

into which the macroblock is divided.  sub_mb_mode0  is the mode 

(intra) in which a subblock is encoded by using an intra-frame 

prediction.  The other modes are the modes (inter) which a 5 

subblock is encoded by using an inter-frame predict ion.  

sub_mb_mode1 is the mode in which one motion vector  is allocated 

to the whole of a subblock, sub_mb_mode2 to sub_mb_ mode7 are 

the modes in each of which a subblock is divided in to two parts 

which are aligned horizontally, vertically or diago nally, and 10 

different motion vectors are allocated to the two s ubblocks into 

which the subblock is divided, respectively.  sub_m b_mode8 is 

the mode in which a subblock is divided into four p arts, and 

different motion vectors are allocated to the four subblocks 

into which the subblock is divided, respectively. 15 

[0023] 

The block dividing unit 2 divides each frame image of the 

inputted video signal 1 inputted to the moving imag e encoding 

device into macroblock images each having the macro block size 

4 notified thereto by the encoding controlling unit  3.  In 20 

addition, when an encoding mode 7 notified thereto from the 

encoding controlling unit 3 includes a mode (one of  sub_mb_mode1 

to 4 of Fig. 2A or one of sub_mb_mode1 to sub_mb_mo de8 of Fig. 

2B) in which different encoding modes are respectiv ely 

allocated to subblocks into which a macroblock is d ivided, the 25 

block dividing unit 2 divides each macroblock image  into 

subblock images shown by the encoding mode 7.  Ther efore, a 

block image outputted from the block dividing unit 2 is either 

one of a macroblock image or a subblock image in ac cordance with 

the encoding mode 7.  Hereafter, this block image i s referred  30 
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to as a macro/subblock image 5. 

[0024] 

When each frame of the inputted video signal 1 has a 

horizontal or vertical size which is not an integra l multiple 

of the horizontal size or vertical size of the macr oblock size 5 

4, a frame (extended frame) in which pixels are add itionally 

provided in a horizontal or vertical direction in s uch a way 

that each frame of the inputted video signal 1 has a horizontal 

or vertical size which is an integral multiple of t he horizontal 

size or vertical size of the macroblock size is gen erated for 10 

each frame of the inputted video signal 1.  As a ge neration 

method of generating pixels in the extended region when pixels 

are added to widen each frame in, for example, a ve rtical 

direction, there is a method of filling the extende d region by 

repeatedly copying a line of pixels running on a lo wer edge of 15 

the original frame or by repeatedly generating a li ne of pixels 

having a fixed pixel value (gray, black, white, or the like).  

Also when pixels are added to widen each frame in a  horizontal 

direction, there is a method of filling the extende d region by 

repeatedly copying a line of pixels running on a ri ght edge of 20 

the original frame or by repeatedly generating a li ne of pixels 

having a fixed pixel value (gray, black, white, or the like).  

The extended frame which is generated for each fram e of the 

inputted video signal 1 and whose frame size is an integral 

multiple of the macroblock size, instead of each fr ame image 25 

of the inputted video signal 1, is inputted to the block dividing 

unit 2. 

[0025] 

The macroblock size 4 and the frame size (horizonta l size 

and vertical size) of each frame of the inputted vi deo signal  30 
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1 are outputted to the variable length encoding uni t 23 so as 

to be multiplexed into the bitstream in units of on e sequence 

which consists of one or more frames or in units of  one picture. 

[0026] 

The value of the macroblock size can be alternative ly 5 

defined by a profile or the like, instead of being multiplexed 

directly into the bitstream.  In this case, identif ication 

information for identifying the profile on a per-se quence basis 

is multiplexed into the bitstream. 

[0027] 10 

The switching unit 6 is a switch for switching betw een 

the input destinations of the macro/subblock image 5 in 

accordance with the encoding mode 7.  When the enco ding mode 

7 is the mode in which the macro/subblock image is encoded by 

using an intra-frame prediction (referred to as the  intra-frame 15 

prediction mode from here on), this switching unit 6 inputs the 

macro/subblock image 5 to the intra-prediction unit  8, whereas 

when the encoding mode 7 is the mode in which the m acro/subblock 

image is encoded by using an inter-frame prediction  (referred 

to as the inter-frame prediction mode from here on) , the 20 

switching unit inputs the macro/subblock image 5 to  the 

motion-compensated prediction unit 9. 

[0028] 

The intra-prediction unit 8 carries out an intra-fr ame 

prediction on the macro/subblock image 5 inputted t hereto in 25 

units of one macro block to be encoded having a siz e specified 

by the macroblock size 4 or in units of one subbloc k specified 

by the encoding mode 7.  The intra-prediction unit 8 generates 

a prediction image 11 by using the image signal in the frame 

stored in the memory 28 for intra prediction for ea ch of all  30 
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intra prediction modes included in the prediction p arameters 

10 notified thereto from the encoding controlling u nit 3. 

[0029] 

Hereafter, the details of the prediction parameters  10 

will be explained.  When the encoding mode 7 is the  intra-frame 5 

prediction mode, the encoding controlling unit 3 sp ecifies an 

intra prediction mode as a prediction parameter 10 

corresponding to the encoding mode 7.  As this intr a prediction 

mode, for example, there can be a mode in which the  macroblock 

or subblock is divided into blocks of 4×4 pixels, a nd a 10 

prediction image is generated by using pixels in th e vicinity 

of a unit block of the image signal stored in the m emory 28 for 

intra prediction, a mode in which the macroblock or  subblock 

is divided into blocks of 8×8 pixels, and a predict ion image 

is generated by using pixels in the vicinity of a u nit block 15 

of the image signal stored in the memory 28 for int ra prediction, 

a mode in which the macroblock or subblock is divid ed into blocks 

of 16×16 pixels, and a prediction image is generate d by using 

pixels in the vicinity of a unit block of the image  signal stored 

in the memory 28 for intra prediction, and a mode i n which a 20 

prediction image is generated from an image of a re duced inside 

of the macroblock or subblock. 

[0030] 

The motion-compensated prediction unit 9 specifies a 

reference image 15 which is used for the generation  of a 25 

prediction image from the data about one or more fr ames of 

reference images stored in the motion-compensated p rediction 

frame memory 14, and carries out a motion-compensat ed 

prediction by using this reference image 15 and the  

macro/subblock image 5 in accordance with the encod ing mode 7  30 
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notified thereto from the encoding controlling unit  3 to 

generate prediction parameters 18 and a prediction image 17. 

[0031] 

Hereafter, the details of the prediction parameters  18 

will be explained.  When the encoding mode 7 is the  inter frame 5 

prediction mode, the motion-compensated prediction unit 9 

determines motion vectors and the identification nu mber 

(reference image index) or the like of the referenc e image 

indicated by each of the motion vectors as the pred iction 

parameters 18 corresponding to the encoding mode 7.   The details 10 

of a generation method of generating prediction par ameters 18 

will be mentioned later. 

[0032] 

The subtraction unit 12 subtracts either one of the  

prediction image 11 and the prediction image 17 fro m the 15 

macro/subblock image 5 to acquire a prediction diff erence 

signal 13.  The prediction difference signal 13 is generated 

for each of all the prediction images 11 which the 

intra-prediction unit 8 generates in accordance wit h all the 

intra prediction modes specified by the prediction parameters 20 

10. 

[0033] 

The prediction difference signal 13 which is genera ted 

in accordance with each of all the intra prediction  modes 

specified by the prediction parameters 10 is evalua ted by the 25 

encoding controlling unit 3, and optimum prediction  parameters 

10a including an optimum intra prediction mode are determined.  

As a method of evaluating the prediction difference  signal, the 

encoding controlling unit uses, for example, a meth od of 

calculating an encoding cost J 2, which will be mentioned below,  30 
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by using the compressed data 21 generated by transf orming and 

quantizing the prediction difference signal 13.  Th e encoding 

controlling unit then selects the intra prediction mode which 

minimizes the encoding cost J 2. 

[0034] 5 

The encoding controlling unit 3 evaluates the predi ction 

difference signal 13 which is generated for each of  all the modes 

included in the encoding modes 7 by either the intr a-prediction 

unit 8 or the motion-compensated prediction unit 9,  and 

determines an optimum encoding mode 7a which provid es an optimum 10 

degree of encoding efficiency from among the encodi ng modes 7 

on the basis of the result of the evaluation.  The encoding 

controlling unit 3 further determines optimum predi ction 

parameters 10a or 18a and optimum compression param eters 20a 

corresponding to the optimum encoding mode 7a from the 15 

prediction parameters 10 or 18 and the compression parameters 

20.  A procedure of determining the optimum predict ion 

parameters and a procedure of determining the optim um 

compression parameters will be mentioned later.  As  mentioned 

above, in the case of the intra-frame prediction mo de, the intra 20 

prediction mode is included in the prediction param eters 10 and 

in the optimum prediction parameters 10a.  In contr ast, in the 

case of the inter frame prediction mode, motion vec tors, the 

identification number (reference image index) of th e reference 

image indicated by each of the motion vectors, etc.  are included 25 

in the prediction parameters 18 and in the optimum prediction 

parameters 18a.  Further, a transformation block si ze, a 

quantization step size, etc. are included in the co mpression 

parameters 20 and in the optimum compression parame ters 20a. 

[0035] 30 
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As the result of carrying out this determining proc edure, 

the encoding controlling unit 3 outputs the optimum  encoding 

mode 7a, the optimum prediction parameters 10a or 1 8a, and the 

optimum compression parameters 20a for the macro bl ock or 

subblock to be encoded to the variable length encod ing unit 23.  5 

The encoding controlling unit 3 also outputs the op timum 

compression parameters 20a of the compression param eters 20 to 

the transformation/quantization unit 19 and to the inverse 

quantization/inverse transformation unit 22. 

[0036] 10 

The transformation/quantization unit 19 selects the  

prediction difference signal 13 (referred to as the  optimum 

prediction differential signal 13a from here on) wh ich 

corresponds to the prediction image 11 or 17 genera ted on the 

basis of the optimum encoding mode 7a and the optim um prediction 15 

parameters 10a or 18a which the encoding controllin g unit 3 has 

determined from among the plurality of prediction d ifference 

signals 13 which are respectively generated for all  the modes 

included in the encoding modes 7, carries out a tra nsforming 

process, such as a DCT, on this optimum prediction differential 20 

signal 13a on the basis of the transformation block  size in the 

optimum compression parameters 20a determined by th e encoding 

controlling unit 3 to calculate transform coefficie nts and also 

quantizes these transform coefficients on the basis  of the 

quantization step size in the optimum compression p arameters 25 

20a notified thereto from the encoding controlling unit 3, and 

then outputs the compressed data 21 which are the t ransform 

coefficients quantized thereby to the inverse 

quantization/inverse transformation unit 22 and to the variable 

length encoding unit 23. 30 
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[0037] 

The inverse quantization/inverse transformation uni t 22 

inverse-quantizes the compressed data 21 inputted t hereto from 

the transformation/quantization unit 19 by using th e optimum 

compression parameters 20a and then carries out an inverse 5 

transformation process, such as an inverse DCT, to generate a 

local decoded prediction difference signal 24 of th e prediction 

difference signal 13a, and outputs this local decod ed 

prediction difference signal 24 to the adding unit 25. 

[0038] 10 

The adding unit 25 adds the local decoded predictio n 

difference signal 24 and the prediction image 11 or  17 to 

generate a local decoded image signal 26, and outpu ts this local 

decoded image signal 26 to the loop filter unit 27 while storing 

the local decoded image signal in the memory 28 for  intra 15 

prediction.  This local decoded image signal 26 ser ves as an 

image signal for intra-frame prediction. 

[0039] 

The loop filter unit 27 carries out a predetermined  

filtering process on the local decoded image signal  26 inputted 20 

thereto from the adding unit 25, and stores the loc al decoded 

image 29 on which the loop filter unit has carried out the 

filtering process in the motion-compensated predict ion frame 

memory 14.  This local decoded image 29 serves as a  reference 

image 15 for motion-compensated prediction.  The fi ltering 25 

process by the loop filter unit 27 can be carried o ut in units 

of one macro block of the local decoded image signa l 26 inputted 

to the loop filter unit, or can be carried out on o ne screenful 

of macro blocks after the local decoded image signa l 26 

corresponding to the one screenful of macro blocks are inputted  30 
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to the loop filter unit. 

[0040] 

The variable length encoding unit 23 entropy-encode s the 

compressed data 21 outputted thereto from the 

transformation/quantization unit 19, the optimum en coding mode 5 

7a outputted thereto from the encoding controlling unit 3, the 

optimum prediction parameters 10a or 18a, and the o ptimum 

compression parameters 20a to generate a bitstream 30 showing 

the results of those encodings.  The optimum predic tion 

parameters 10a or 18a and the optimum compression p arameters 10 

20a are encoded in units of one element in accordan ce with the 

encoding mode indicated by the optimum encoding mod e 7a. 

[0041] 

As mentioned above, in the moving image encoding de vice 

in accordance with this Embodiment 1, the motion-co mpensated 15 

prediction unit 9 and the transformation/quantizati on unit 19 

operate in cooperation with the encoding controllin g unit 3 to 

determine the encoding mode, the prediction paramet ers, and the 

compression parameters which provide an optimum deg ree of 

encoding efficiency (i.e. the optimum encoding mode  7a, the 20 

optimum prediction parameters 10a or 18a, and the o ptimum 

compression parameters 20a). 

[0042] 

Hereafter, the determining procedure, which is carr ied 

out by the encoding controlling unit 3, for determi ning the 25 

encoding mode which provides an optimum degree of e ncoding 

efficiency, the prediction parameters, and the comp ression 

parameters will be explained in the order of 1. the  prediction 

parameters, 2. the compression parameters, and 3. t he encoding 

mode. 30 
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[0043] 

1. Procedure for determining the prediction paramet ers 

Hereafter, a procedure for, when the encoding mode 7 is 

the inter frame prediction mode, determining the pr ediction 

parameters 18 including motion vectors related to t he inter 5 

frame prediction, and the identification number (re ference 

image index) or the like of the reference image ind icated by 

each of the motion vectors will be explained. 

[0044] 

The motion-compensated prediction unit 9 determines  the 10 

prediction parameters 18 for each of all the encodi ng modes 7 

(e.g. the set of encoding modes shown in Fig. 2A or  2B) which 

are notified from the encoding controlling unit 3 t o the motion 

compensation predicting unit 9, in cooperation with  the 

encoding controlling unit 3.  Hereafter, the detail s of the 15 

procedure will be explained. 

[0045] 

Fig. 3 is a block diagram showing the internal stru cture 

of the motion-compensated prediction unit 9.  The 

motion-compensated prediction unit 9 shown in Fig. 3 includes 20 

a motion compensation region dividing unit 40, a mo tion 

detecting unit 42, and an interpolated image genera ting unit 

43.  Further, input data inputted to the motion-com pensated 

prediction unit include the encoding mode 7 inputte d thereto 

from the encoding controlling unit 3, the macro/sub block image 25 

5 inputted thereto from the switching unit 6, and t he reference 

image 15 inputted thereto from the motion-compensat ed 

prediction frame memory 14. 

[0046] 

The motion compensation region dividing unit 40 div ides  30 
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the macro/subblock image 5 inputted from the switch ing unit 6 

into images of blocks each of which is a unit for m otion 

compensation in accordance with the encoding mode 7  notified 

thereto from the encoding controlling unit 3, and o utputs this 

motion compensation region block image 41 to the mo tion 5 

detecting unit 42. 

[0047] 

The interpolated image generating unit 43 specifies  the 

reference image 15 which is used for the generation  of a 

prediction image from the data about the one or mor e frames of 10 

reference images stored in the motion-compensated p rediction 

frame memory 14, and the motion detecting unit 42 d etects a 

motion vector 44 in a predetermined motion search r ange on the 

reference image 15 specified by the interpolated im age 

generating unit.  The motion detecting unit carries  out the 15 

detection of the motion vector by using a motion ve ctor having 

virtual sample accuracy, like in the case of the MP EG-4 AVC 

standards or the like.  This detecting method inclu des the steps 

of, for pixel information (referred to as integer p ixels) which 

the reference image has, generating virtual samples  (pixels) 20 

between integer pixels by implementing an interpola tion 

arithmetic operation on the integer pixels, and usi ng the 

virtual samples as a prediction image.  In the case  of the MPEG-4 

AVC standards, in accordance with the detecting met hod, virtual 

samples having 1/8-pixel accuracy can be generated and used.  25 

In the case of the MPEG-4 AVC standards, virtual sa mples having 

1/2 pixel accuracy are generated by implementing an  

interpolation arithmetic operation with a 6-tap fil ter using 

six integer pixels running in a vertical or horizon tal 

direction.  Virtual samples having 1/4 pixel accura cy are 30 

generated by  
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implementing an interpolation arithmetic operation using a 

filter for acquiring a mean value of adjacent 1/2 p ixels or 

integer pixels. 

[0048] 

Also in the motion-compensated prediction unit 9 in  5 

accordance with this Embodiment 1, the interpolated  image 

generating unit 43 generates a prediction image 45 of virtual 

pixels in accordance with the accuracy of the motio n vector 44 

notified thereto from the motion detecting unit 42.   Hereafter, 

an example of a detection procedure for detecting a  motion 10 

vector having virtual pixel accuracy will be shown.  

[0049] 

Motion vector detection procedure I 

The interpolated image generating unit 43 generates  a 

prediction image 45 for the motion vector 44 having  integer 15 

pixel accuracy in the predetermined motion search r ange of the 

motion compensation region block image 41.  The pre diction 

image 45 (prediction image 17) generated at integer  pixel 

accuracy is outputted to the subtraction unit 12 an d is 

subtracted from the motion compensation region bloc k image 41 20 

(macro/subblock image 5) by the subtraction unit 12 , so that 

the result of the subtraction is defined as a predi ction 

difference signal 13.  The encoding controlling uni t 3 

evaluates a degree of prediction efficiency for the  prediction 

difference signal 13 and for the motion vector 44 ( prediction 25 

parameter 18) having integer pixel accuracy.  In th e evaluation 

of the degree of prediction efficiency, a predictio n cost J 1 

is calculated in accordance with, for example, the following 

equation (1), and the motion vector 44 having integ er pixel 

accuracy which minimizes the prediction cost J 1 in the  30 
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predetermined motion search range is determined. 

J1=D1+λR1         (1)   

It is assumed that D 1 and R 1 are used as evaluated values.  

D1 is the sum of absolute values (SAD) in the macrobl ock or 

subblock of the prediction difference signal, R 1 is an estimated 5 

code amount of the motion vector and the identifica tion number 

of the reference image indicated by this motion vec tor, and λ 

is a positive number. 

[0050] 

When determining the evaluated value R 1, the code amount 10 

of the motion vector is predicted by using the valu e of an 

adjacent motion vector as the value of the motion v ector in each 

mode shown in Fig. 2A or 2B, and the prediction dif ference value 

is entropy-encoded on the basis of a probability di stribution.  

As an alternative, the evaluated value is determine d by carrying 15 

out an estimation of a code amount corresponding to  the 

evaluated value. 

[0051] 

Fig. 4 is a view explaining a determining method of  

determining a predicted value of the motion vector (referred 20 

to as a predicted vector from here on) in each enco ding mode 

7 shown in Fig. 2B.  Referring to Fig. 4, for a rec tangular block 

in mb_mode0, sub_mb_mode1, or the like, a predicted  vector PMV 

of this rectangular block is calculated in accordan ce with the 

following equation (2) by using already-encoded mot ion vectors 25 

MVa, MVb, and MVc of blocks located on a left side (position 

A), an upper side (position B), and an upper right side (position 

C) of the rectangular block.  median() corresponds to a median 

filter process and is a function of outputting the median of 

the motion vectors MVa, MVb, and MVc. 30 
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PMV=median(MVa,MVb,MVc)      (2) 

[0052] 

In contrast, in the case of L-shaped blocks having an 

L-letter shape mb_mode1, sub_mb_mode2, mb_mode2, 

sub_mb_mode3, mb_mode3, sub_mb_mode4, mb_mode4, and  5 

sub_mb_mode5, the positions A, B, and C on which th e median is 

operated are changed in accordance with the L-lette r shape in 

order to make it possible to apply the same process  as that 

performed on rectangular blocks to each L-shaped bl ock.  As a 

result, a predicted value of the motion vector can be calculated 10 

in accordance with the shape of each motion vector allocation 

region without changing the method of calculating a  predicted 

vector PMV, and the cost of the evaluated value R 1 can be reduced 

to a small one. 

[0053] 15 

Motion vector detection procedure II 

The interpolated image generating unit 43 generates  a 

prediction image 45 for one or more motion vectors 44 having 

1/2 pixel accuracy located in the vicinity of the m otion vector 

having integer pixel accuracy which is determined i n accordance 20 

with the above-mentioned "motion vector detection p rocedure I".  

After that, in the same way that the above-mentione d "motion 

vector detection procedure I" is carried out, the p rediction 

image 45 (prediction image 17) generated at 1/2 pix el accuracy 

is subtracted from the motion compensation region b lock image 25 

41 (macro/subblock image 5) by the subtraction unit  12, so that 

a prediction difference signal 13 is acquired.  Nex t, the 

encoding controlling unit 3 evaluates a degree of p rediction 

efficiency for this prediction difference signal 13  and for the 

motion vector 44 (prediction parameter 18) having 1 /2 pixel  30 
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accuracy, and determines a motion vector 44 having 1/2 pixel 

accuracy which minimizes the prediction cost J 1 from the one 

or more motion vectors having 1/2 pixel accuracy lo cated in the 

vicinity of the motion vector having integer pixel accuracy. 

[0054] 5 

Motion vector detection procedure III 

Also for motion vectors having 1/4 pixel accuracy, the 

encoding controlling unit 3 and the motion-compensa ted 

prediction unit 9 determine a motion vector 44 havi ng 1/4 pixel 

accuracy which minimizes the prediction cost J 1 from one or more 10 

motion vectors having 1/4 pixel accuracy located in  the vicinity 

of the motion vector having 1/2 pixel accuracy whic h is 

determined in accordance with the above-mentioned " motion 

vector detection procedure II". 

[0055] 15 

Motion vector detection procedure IV 

After that, the encoding controlling unit 3 and the  

motion-compensated prediction unit 9 similarly dete ct a motion 

vector having virtual pixel accuracy until the moti on vector 

detected thereby has a predetermined degree of accu racy. 20 

[0056] 

Although in this embodiment, the example in which t he 

encoding controlling unit and the motion-compensate d 

prediction unit detect a motion vector having virtu al pixel 

accuracy until the motion vector detected thereby h as a 25 

predetermined degree of accuracy is shown, the dete ction of a 

motion vector having virtual pixel accuracy can be aborted when, 

for example, a threshold for the prediction cost is  

predetermined and the prediction cost J 1 becomes smaller than 

the predetermined threshold before the motion vecto r detected  30 
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has a predetermined degree of accuracy. 

[0057] 

The motion vector can be made to refer to a pixel l ocated 

outside the frame defined by the reference frame si ze.  In this 

case, it is necessary to generate pixels located ou tside the 5 

frame.  As a method of generating pixels located ou tside the 

frame, there is a method of filling an outside regi on with pixels 

running on a screen edge of the frame. 

[0058] 

When the frame size of each frame of the inputted v ideo 10 

signal 1 is not an integral multiple of macroblock size and an 

extended frame is inputted instead of each frame of  the inputted 

video signal 1, the size which is extended to an in tegral 

multiple of the macroblock size (the size of the ex tended frame) 

is defined as the frame size of the reference frame .  In 15 

contrast, when the local decoded portion of the ext ended region 

is not referred to, but only the local decoded port ion of the 

original frame is referred to as pixels in the fram e, the frame 

size of the original inputted video signal is defin ed as the 

frame size of the reference frame. 20 

[0059] 

For the motion compensation region block image 41 o f each 

of a plurality of bocks into which the macro/subblo ck image 5 

is divided and which is a unit for the motion compe nsation 

indicated by the encoding mode 7, the motion-compen sated 25 

prediction unit 9 outputs both the virtual pixel ac curate motion 

vector having a predetermined degree of accuracy wh ich is 

determined for the motion compensation region block  image, and 

the identification number of the reference image in dicated by 

the motion vector as the prediction parameters 18.  The  30 
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motion-compensated prediction unit 9 also outputs t he 

prediction image 45 (prediction image 17) generated  using the 

prediction parameters 18 to the subtraction unit 12 , and the 

prediction image is subtracted from the macro/subbl ock image 

5 by the subtraction unit 12, so that a prediction difference 5 

signal 13 is acquired.  The prediction difference s ignal 13 

outputted from the subtraction unit 12 is outputted  to the 

transformation/quantization unit 19. 

[0060] 

2. Determining procedure for determining the compre ssion 10 

parameters 

Hereafter, the procedure for determining a compress ion 

parameter 20 (transformation block size) which is u sed when 

carrying out a transformation and quantization proc ess on the 

prediction difference signal 13 generated on the ba sis of the 15 

prediction parameters 18 determined for each encodi ng mode 7 

in accordance with the above-mentioned "1.  Determi ning 

procedure for determining the prediction parameters " will be 

explained. 

[0061] 20 

Fig. 5 is a view showing an example of adaptation o f the 

transformation block size in accordance with an enc oding mode 

7 shown in Fig. 2B.  Referring to Fig. 5, a block o f 32×32 pixels 

is used as an example of a block of M×L pixels.  Wh en the mode 

indicated by the encoding mode 7 is one of mb_mode0  to mb_mode6, 25 

either the size of 16×16 pixels or the size of 8×8 pixels is 

adaptively selectable as the transformation block s ize.  When 

the encoding mode 7 indicates mb_mode7, either the size of 8×8 

pixels or the size of 4×4 pixels is adaptively sele ctable as 

the transformation block size for each of 16×16 pix el subblocks  30 

 



29 

 

into which each macroblock is divided.  The set of selectable 

transformation block sizes for each encoding mode c an be defined 

from among arbitrary rectangular block sizes each o f which is 

equal to or smaller than the size of equal subblock s into which 

a macroblock is divided in accordance with the enco ding mode. 5 

[0062] 

Fig. 6 is a view showing another example of the ada ptation 

of the transformation block size in accordance with  an encoding 

mode 7 shown in Fig. 2B.  In the example of Fig. 6,  when the 

mode indicated by the encoding mode 7 is the above- mentioned 10 

mb_mode0, mb_mode5, or mb_mode6, in addition to the  size of 

16×16 pixels and the size of 8×8 pixels, the transf ormation 

block size in accordance with the shape of each sub block which 

is a unit for the motion compensation is selectable  as a 

selectable transformation block size.  In the case of mb_mode0, 15 

the transformation block size is adaptively selecta ble from 

among the size of 16×16 pixels, the size of 8×8 pix els, and the 

size of 32×32 pixels.  In the case of mb_mode5, the  

transformation block size is adaptively selectable from among 

the size of 16×16 pixels, the size of 8×8 pixels, a nd the size 20 

of 16×32 pixels.  In the case of mb_mode6, the tran sformation 

block size is adaptively selectable from among the size of 16×16 

pixels, the size of 8×8 pixels, and the size of 32× 16 pixels.  

Further, although not illustrated, in the case of m b_mode7, the 

transformation block size is adaptively selectable from among 25 

the size of 16×16 pixels, the size of 8×8 pixels, a nd the size 

of 16×32 pixels.  In the case of one of mb_mode1 to  mb_mode4, 

the adaptation can be carried out in such a way tha t the 

transformation block size is selected from the size  of 16×16 

pixels and the size of 8×8 pixels for a region whic h is not a  30 
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rectangle, while the transformation block size is s elected from 

the size of 8×8 pixels and the size of 4×4 pixels f or a region 

which is a rectangle. 

[0063] 

The encoding controlling unit 3 defines the set of 5 

transformation block sizes in accordance with the e ncoding mode 

7 illustrated in Figs. 5 and 6 as a compression par ameter 20.  

Although in the examples shown in Figs. 5 and 6, th e set of 

selectable transformation block sizes is determined  in advance 

in accordance with the encoding mode 7 of each macr oblock, and 10 

a transformation block size can be selected adaptiv ely for each 

macroblock or subblock, the set of selectable trans formation 

block sizes can be alternatively determined in adva nce in 

accordance with the encoding mode 7 (one of sub_mb_ mode1 to 

sub_mb_mode8 shown in Fig. 2B) of each of subblocks  into which 15 

each macroblock is similarly divided, and a transfo rmation 

block size can be selected adaptively for each of t he subblocks 

or each of blocks into which each subblock is furth er divided.  

Similarly, when an encoding mode 7 shown in Fig. 2A  is used, 

the encoding controlling unit 3 can determine the s et of 20 

transformation block sizes in accordance with the e ncoding mode 

7 in advance, and can adaptively select a transform ation block 

size from the set. 

[0064] 

The transformation/quantization unit 19 determines an 25 

optimum transformation block size from the transfor mation block 

sizes in units of one macroblock having a size spec ified by the 

macroblock size 4 or in units of one of subblocks i nto which 

each macroblock is further divided in accordance wi th the 

encoding mode 7, in cooperation with the encoding c ontrolling  30 
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unit 3.  Hereafter, the details of a procedure for determining 

an optimum transformation block size will be explai ned. 

[0065] 

Fig. 7 is a block diagram showing the internal stru cture 

of the transformation/quantization unit 19.  The 5 

transformation/quantization unit 19 shown in Fig. 7  includes 

a transformation block size dividing unit 50, a tra nsforming 

unit 52, and a quantizing unit 54.  Further, input data inputted 

to the transformation/quantization unit include the  

compression parameters 20 (the transformation block  size, the 10 

quantization step size, etc.) inputted thereto from  the 

encoding controlling unit 3 and the prediction diff erence 

signal 13 inputted thereto from the encoding contro lling unit 

3. 

[0066] 15 

The transformation block size dividing unit 50 conv erts 

the prediction difference signal 13 of each macrobl ock or 

subblock which is the target for determination of t he 

transformation block size into blocks in accordance  with the 

transformation block size in the compression parame ters 20, and 20 

outputs each of the blocks to the transforming unit  52 as a 

transformation target block 51.  When a plurality o f 

transformation block sizes are selected and specifi ed for one 

macroblock or subblock by the compression parameter s 20, the 

plurality of transformation block sizes of transfor mation 25 

target blocks 51 are sequentially outputted to the transforming 

unit 52. 

[0067] 

The transforming unit 52 carries out a DCT, an inte ger  

transformation in which the transform coefficients of a DCT are  30 
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approximated by integers, and a transforming proces s in 

accordance with a transforming method, such as Hada mard 

transform, on the transformation object block 51 in putted 

thereto to generate transform coefficients 53, and outputs the 

transform coefficients 53 generated thereby to the quantizing 5 

unit 54. 

[0068] 

The quantizing unit 54 quantizes the transform 

coefficients 53 inputted thereto in accordance with  the 

quantization step size in the compression parameter s 20 10 

notified thereto from the encoding controlling unit  3, and 

outputs compressed data 21 which are the transform coefficients 

quantized to the inverse quantization/inverse trans formation 

unit 22 and to the encoding controlling unit 3.  Wh en a plurality 

of transformation block sizes are selected and spec ified for 15 

one macroblock or subblock by the compression param eters 20, 

the transforming unit 52 and the quantizing unit 54  carry out 

the above-mentioned transformation and quantization  process on 

all the transformation block sizes of transformatio n target 

blocks, and outputs the compressed data 21 associat ed with each 20 

of all the transformation block sizes. 

[0069] 

The compressed data 21 outputted from the quantizin g unit 

54 are inputted to the encoding controlling unit 3,  and are used 

for the evaluation of a degree of encoding efficien cy for the 25 

transformation block size in the compression parame ters 20.  

The encoding controlling unit 3 uses the compressed  data 21 

acquired for each of all the selectable transformat ion block 

sizes in each encoding mode included in the encodin g modes 7  

to calculate an encoding cost J 2 in accordance with, for example,  30 
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the following equation (3), and to select the trans formation 

block size which minimizes the encoding cost J 2 from among the 

selectable transformation block sizes. 

J2=D2+λR2     (3)   

It is assumed that D 2 and R 2 are used as evaluated values.  5 

As D 2, the distortion sum of squared differences or the like 

between the local decoded image signal 26, which is  acquired 

by inputting the compressed data 21 acquired for th e 

transformation block size to the inverse quantizati on/inverse 

transformation unit 22, and adding the prediction i mage 17 to 10 

a local decoded prediction difference signal 24 whi ch is 

acquired by carrying out an inverse transformation and inverse 

quantization process on the compressed data 21, and  the 

macro/subblock image 5 can be used.  As R 2, the code amount (or 

estimated code amount) acquired by actually encodin g the 15 

compressed data 21 acquired for the transformation block size, 

and the encoding mode 7 and the prediction paramete rs 10 or 18 

associated with the compressed data 21 by means of the variable 

length encoding unit 23 is used. 

[0070] 20 

After determining the optimum encoding mode 7a in 

accordance with "3. Determining procedure for deter mining the 

encoding mode" which will be mentioned below, the e ncoding 

controlling unit 3 selects the transformation block  size 

corresponding to the determined optimum encoding mo de 7a and 25 

includes the transformation block size in the optim um 

compression parameters 20a, and then outputs the op timum 

compression parameters to the variable length encod ing unit 23.  

After entropy-encoding these optimum compression pa rameters 

20a, the variable length encoding unit 23 multiplex es the  30 
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optimum compression parameters entropy-encoded ther eby into 

the bitstream 30. 

[0071] 

Because the transformation block size is selected f rom 

among the set of transformation block sizes (illust rated in 5 

Figs. 5 and 6) which are defined in advance in acco rdance with 

the optimum encoding mode 7a of the macroblock or s ubblock, what 

is necessary is just to assign identification infor mation, such 

as an ID, to each transformation block size include d in each 

set of transformation block sizes, entropy-encode t he 10 

identification information as information about the  

transformation block size, and multiplex the identi fication 

information into the bitstream 30.  In this case, t he 

identification information of each set of transform ation block 

sizes is set up in advance in the decoding device.  However, 15 

because the decoding device can determine the trans formation 

block size automatically from the set of transforma tion block 

sizes when only one transformation block size is in cluded in 

the set of transformation block sizes, the encoding  device does 

not have to multiplex the identification informatio n of the 20 

transformation block size into the bitstream 30. 

[0072] 

3. Determining procedure of determining the encodin g mode 

After the prediction parameters 10 or 18 and the 

compression parameters 20 for each of all the encod ing modes 25 

7 specified by the encoding controlling unit 3 are determined 

in accordance with the above-mentioned "1. Determin ing 

procedure for determining the prediction parameters ", and "2. 

Determining procedure for determining the compressi on 

parameters", the encoding controlling unit 3 uses t he  30 
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compressed data 21 which are acquired by further tr ansforming 

and quantizing the prediction difference signal 13 which is 

acquired by using each of the encoding modes 7, and  the 

prediction parameters 10 or 18 and the compression parameters 

20 in that encoding mode to determine the encoding mode 7 which 5 

reduces the encoding cost J 2 to a minimum in accordance with 

the above-mentioned equation (3), and selects the e ncoding mode 

7 as the optimum encoding mode 7a of the macroblock  currently 

being processed. 

[0073] 10 

As an alternative, the encoding controlling unit ca n 

determine the optimum encoding mode 7a from among a ll the 

encoding modes including a skip mode as a mode of t he macroblock 

or subblock in addition to the encoding modes shown  in Fig. 2A 

2B.  The skip mode is the mode in which a predictio n image on 15 

which motion compensation is carried out by using t he motion 

vector of an adjacent macroblock or subblock is def ined as the 

local decoded image signal in the encoding device.  Because it 

is not necessary to calculate the prediction parame ters other 

than the encoding modes, and the compression parame ters to 20 

multiplex them into the bitstream, the inputted ima ge can be 

encoded while the code amount is suppressed.  The d ecoding 

device outputs the prediction image on which motion  

compensation is carried out by using the motion vec tor of an 

adjacent macroblock or subblock in accordance with the same 25 

procedure as that carried out by the encoding devic e as the 

decoded image signal. 

[0074] 

When the frame size of each frame of the inputted v ideo 

signal 1 is not an integral multiple of the macrobl ock size and  30 
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an extended frame is inputted instead of each frame  of the 

inputted video signal 1, a control operation of sel ecting only 

the skip mode for a macroblock or subblock includin g an extended 

region can be carried out, and an encoding mode can  be determined 

in such a way that the code amount spent on the ext ended region 5 

can be suppressed. 

[0075] 

The encoding controlling unit 3 outputs the optimum  

encoding mode 7a providing the optimum degree of en coding 

efficiency which is determined in accordance with t he 10 

above-mentioned "1. Determining procedure for deter mining the 

prediction parameters", "2. Determining procedure f or 

determining the compression parameters", and "3. De termining 

procedure for determining the encoding mode" to the  variable 

length encoding unit 23, while selecting the predic tion 15 

parameters 10 or 18 corresponding to the optimum en coding mode 

7a as the optimum prediction parameters 10a or 18a and similarly 

selecting the compression parameters 20 correspondi ng to the 

optimum encoding mode 7a as the optimum compression  parameters 

20a, and then outputting these optimum prediction a nd 20 

compression parameters to the variable length encod ing unit 23.  

The variable length encoding unit 23 entropy-encode s the 

optimum encoding mode 7a, the optimum prediction pa rameters 10a 

or 18a, and the optimum compression parameters 20a,  and then 

multiplexes them into the bitstream 30. 25 

[0076] 

Further, the optimum prediction differential signal  13a 

acquired from the prediction image 11 or 17 based o n the optimum 

encoding mode 7a, the optimum prediction parameters  10a or 18a, 

and the optimum compression parameter 20a which are  determined  30 
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as above is transformed and quantized into compress ed data 21 

by the transformation/quantization unit 19, as ment ioned above, 

and these compressed data 21 are entropy-encoded by  the variable 

length encoding unit 23 and are multiplexed into th e bitstream 

30.  Further, these compressed data 21 are made to pass via the 5 

inverse quantization/inverse transformation unit 22  and the 

adding unit 25, and then become a local decoded ima ge signal 

26 and are inputted to the loop filter unit 27. 

[0077] 

Next, the moving image decoding device in accordanc e with 10 

this Embodiment 1 will be explained.  Fig. 8 is a b lock diagram 

showing the structure of the moving image decoding device in 

accordance with Embodiment 1 of the present inventi on.  The 

moving image decoding device shown in Fig. 8 includ es a variable 

length decoding unit 61 for entropy-decoding the op timum 15 

encoding mode 62 multiplexed into the bitstream 60 in units of 

one macroblock to while entropy-decoding the optimu m prediction 

parameters 63, the compressed data 64, and the opti mum 

compression parameters 65 from the bitstream 60 in units of one 

macroblock or subblock divided in accordance with t he decoded 20 

optimum encoding mode 62, an intra-prediction unit 69 for, when 

the optimum prediction parameters 63 are inputted, generating 

a prediction image 71 by using the intra prediction  mode 

included in the optimum prediction parameters 63, a nd a decoded 

image 74a stored in a memory 77 for intra predictio n, a 25 

motion-compensated prediction unit 70 for, when the  optimum 

prediction parameters 63 are inputted, carrying out  a 

motion-compensated prediction by using the motion v ector 

included in the optimum prediction parameters 63, a nd the 

reference image 76 in a motion-compensated predicti on frame  30 
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memory 75 which is specified by the reference image  index 

included in the optimum prediction parameters 63 to  generate 

a prediction image 72, a switching unit 68 for inpu tting the 

optimum prediction parameters 63 which the variable  length 

decoding unit 61 has decoded to either one of the 5 

intra-prediction unit 69 and the motion-compensated  prediction 

unit 70 in accordance with the decoded optimum enco ding mode 

62, an inverse quantization/inverse transformation unit 66 for 

carrying out an inverse quantization and inverse tr ansformation 

process on the compressed data 64 by using the opti mum 10 

compression parameters 65 to generate prediction di fference 

signal decoded values 67, an adding unit 73 for add ing the 

prediction image 71 or 72 outputted from either one  of the 

intra-prediction unit 69 and the motion-compensated  prediction 

unit 70 to the prediction difference signal decoded  values 67 15 

to generate a decoded image 74, the memory 77 for i ntra 

prediction for storing the decoded image 74, a loop  filter unit 

78 for carrying out filtering on the decoded image 74 to generate 

a reproduced image 79, and the motion-compensated p rediction 

frame memory 75 for storing the reproduced image 79 . 20 

[0078] 

When the moving image decoding device in accordance  with 

this Embodiment 1 receives the bitstream 60, the va riable length 

decoding unit 61 carries out an entropy decoding pr ocess on the 

bitstream 60 to acquire the macroblock size and the  frame size 25 

in units of one sequence which consists of one or m ore frames 

of pictures or in units of one picture.  In a case in which the 

macroblock size is defined by a profile or the like  without being 

multiplexed directly into the bitstream, the macrob lock size 

is determined on the basis of the identification in formation  30 
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of the profile which is decoded from the bitstream in units of 

one sequence.  The number of macroblocks included i n each frame 

is determined on the basis of the decoded macrobloc k size of 

each frame and the decoded frame size, and the opti mum encoding 

mode 62, the optimum prediction parameters 63, the compressed 5 

data 64 (i.e. quantized and transformed coefficient  data), the 

optimum compression parameters 65 (the transformati on block 

size information and the quantization step size), e tc. of each 

macroblock included in the frame are decoded.  The optimum 

encoding mode 62, the optimum prediction parameters  63, the 10 

compressed data 64, and the optimum compression par ameters 65 

which are decoded by the decoding device correspond  to the 

optimum encoding mode 7a, the optimum prediction pa rameters 10a 

or 18a, the compressed data 21, and the optimum com pression 

parameters 20a which are encoded by the encoding de vice, 15 

respectively. 

[0079] 

At this time, because the transformation block size  

information in the optimum compression parameters 6 5 is the 

identification information for identifying the tran sformation 20 

block size which has been selected from the set of 

transformation block sizes defined in advance for e ach 

macroblock or subblock (or on a per-macroblock or p er-subblock 

basis) in accordance with the encoding mode 7 by th e encoding 

device, the decoding device specifies the transform ation block 25 

size of the macroblock or subblock from the optimum  encoding 

mode 62 and the transformation block size informati on in the 

optimum compression parameters 65. 

[0080] 

The inverse quantization/inverse transformation uni t 66  30 
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carries out an inverse quantization and inverse tra nsformation 

process by using the compressed data 64 and the opt imum 

compression parameters 65 which are inputted from t he variable 

length decoding unit 61 in units of one block whose  size is 

specified by the transformation block size informat ion to 5 

calculate prediction difference signal decoded valu es 67. 

[0081] 

Further, when decoding the motion vector, the varia ble 

length decoding unit 61 refers to the motion vector s of 

already-decoded peripheral blocks, and determines a  predicted 10 

vector by carrying out a process shown in Fig. 4 to  acquire a 

decoded value of the motion vector by adding the pr ediction 

difference values decoded from the bitstream 60 to the predicted 

vector.  The variable length decoding unit 61 inclu des the 

decoded value of this motion vector in the optimum prediction 15 

parameters 63, and outputs these optimum prediction  parameters 

to the switching unit 68. 

[0082] 

The switching unit 68 is a switch for switching bet ween 

the input destinations of the optimum prediction pa rameters 63 20 

in accordance with the optimum encoding mode 62.  W hen the 

optimum encoding mode 62 inputted from the variable  length 

decoding unit 61 shows the intra-frame prediction m ode, this 

switching unit 68 outputs the optimum prediction pa rameters 63 

(intra prediction mode) similarly inputted from the  variable 25 

length decoding unit 61 to the intra-prediction uni t 69, whereas 

when the optimum encoding mode 62 shows the inter f rame 

prediction mode, the switching unit outputs the opt imum 

prediction parameters 63 (the motion vectors, the 

identification number (reference image index) of th e reference  30 
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image indicated by each of the motion vectors, etc. ) to the 

motion-compensated prediction unit 70. 

[0083] 

The intra-prediction unit 69 refers to the decoded image 

74a in the frame stored in the memory 77 for intra prediction 5 

(decoded image signal in the frame), and generates and outputs 

a prediction image 71 corresponding to the intra pr ediction mode 

indicated by the optimum prediction parameters 63. 

[0084] 

Although a generation method of generating a predic tion 10 

image 71 which the intra-prediction unit 69 uses is  the same 

as the operation carried out by the intra-predictio n unit 8 in 

the encoding device, the intra-prediction unit 8 ge nerates a 

prediction image 11 corresponding to each of all th e intra 

prediction modes indicated by the encoding modes 7,  while the 15 

intra-prediction unit 69 differs from the intra-pre diction unit 

8 in that the intra-prediction unit 69 generates on ly a 

prediction image 71 corresponding to the intra pred iction mode 

indicated by the optimum encoding mode 62. 

[0085] 20 

The motion-compensated prediction unit 70 generates  a 

prediction image 72 from the one or more frames of reference 

images 76 stored in the motion-compensated predicti on frame 

memory 75 on the basis of the motion vector, the re ference image 

index, and so on which are indicated by the inputte d optimum 25 

prediction parameters 63, and outputs the predictio n image 72. 

[0086] 

A generation method of generating a prediction imag e 72 

which is implemented by the motion-compensated pred iction unit 

70 corresponds to the operation of the motion-compe nsated  30 
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prediction unit 9 in the encoding device from which  the process 

of searching through a plurality of reference image s for motion 

vectors (corresponding to the operations of the mot ion 

detecting unit 42 and the interpolated image genera ting unit 

43 shown in Fig. 3) is excluded.  The motion-compen sated 5 

prediction unit carries out only the process of gen erating a 

prediction image 72 in accordance with the optimum prediction 

parameters 63 provided thereto from the variable le ngth 

decoding unit 61.  When the motion vector is made t o refer to 

a pixel located outside the frame which is defined by the 10 

reference frame size, the motion-compensated predic tion unit 

70 generates a prediction image 72 by using, for ex ample, a 

method of filling a pixel region located outside th e frame with 

pixels running on a screen edge of the frame, like that of the 

encoding device.  The reference frame size can be d efined by 15 

the decoded frame size which is extended in such a way as to 

be an integral multiple of the decoded macroblock s ize, or can 

be defined by the decoded frame size, and the decod ing device 

determines the reference frame size in accordance w ith the same 

procedure as that carried out by the encoding devic e. 20 

[0087] 

The adding unit 73 adds either one of the predictio n image 

71 and the prediction image 72 and the prediction d ifference 

signal decoded values 67 outputted thereto from the  inverse 

quantization/inverse transformation unit 66 to gene rate a 25 

decoded image 74. 

[0088] 

While this decoded image 74 is stored in the memory  77 

for intra prediction in order to use the decoded im age as a 

reference image (decoded image 74a) for generation of an intra  30 
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prediction image for a subsequent macroblock, the d ecoded image 

74 is inputted to the loop filter unit 78. 

[0089] 

The loop filter unit 78 carries out the same operat ion 

as that of the loop filter unit 27 in the encoding device to 5 

generate a reproduced image 79, and outputs this re produced 

image to outside the moving image decoding device.  Further, 

this reproduced image 79 is stored in the motion-co mpensated 

prediction frame memory 75 in order to use the repr oduced image 

as a reference image 76 for subsequent generation o f a 10 

prediction image.  The size of the reproduced image  acquired 

after decoding all the macroblocks in the frame is an integral 

multiple of the macroblock size.  When the size of the 

reproduced image is larger than the decoded frame s ize 

corresponding to the frame size of each frame of th e video signal 15 

inputted to the encoding device, an extended region  which is 

extended in a horizontal or vertical direction is i ncluded in 

the reproduced image.  In this case, a decoded imag e in which 

the decoded image of the extended region is removed  from the 

reproduced image is outputted from the decoding dev ice. 20 

[0090] 

When the reference frame size is defined by the dec oded 

frame size, the decoded image of the extended regio n of the 

reproduced image stored in the motion-compensated p rediction 

frame memory 75 is not referred to for subsequent g eneration 25 

of a prediction image.  Therefore, the decoded imag e in which 

the decoded image of the extended region is removed  from the 

reproduced image can be stored in the motion-compen sated 

prediction frame memory 75. 

[0091] 30 
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As mentioned above, because the moving image encodi ng 

device in accordance with Embodiment 1 is construct ed in such 

a way that for each of macro/subblock images 5 into  which an 

inputted moving image is divided in accordance with  the encoding 

mode 7 of each macroblock, the moving image encodin g device 5 

predetermines a set of transformation blocks includ ing a 

plurality of transformation block sizes in accordan ce with the 

size of a macroblock or subblock, the encoding cont rolling unit 

3 selects one transformation block size which provi des an 

optimum degree of encoding efficiency from the set of 10 

transformation block sizes and includes the transfo rmation 

block size selected thereby in optimum compression parameters 

20a, and then notifies these optimum compression pa rameters to 

the transformation/quantization unit 19, and the 

transformation/quantization unit 19 divides an opti mum 15 

prediction differential signal 13a into blocks each  having the 

transformation block size included in the optimum c ompression 

parameters 20a, and carries out a transformation an d 

quantization process on each of the blocks to gener ate 

compressed data 21, the moving image encoding devic e can improve 20 

the quality of the encoded video with a similar cod e amount as 

compared with a conventional method of using a fixe d set of 

transformation block sizes irrespective of the size  of a 

macroblock or subblock. 

[0092] 25 

Further, while the variable length encoding unit 23  is 

constructed in such a way as to multiplex the trans formation 

block size which is adaptively selected in accordan ce with the 

encoding mode 7 from the set of transformation bloc k sizes into 

the bitstream 30, the moving image decoding device in accordance  30 
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with Embodiment 1 is constructed in such a way that  the variable 

length decoding unit 61 decodes the optimum compres sion 

parameters 65 from the bitstream 60 in units of one  macroblock 

or subblock (or on a per-macroblock or per-subblock  basis), and 

the inverse quantization/inverse transformation uni t 66 5 

determines a transformation block size on the basis  of the 

transformation block size information included in t hese optimum 

compression parameters 65 and carries out an invers e 

transformation and inverse quantization process on the 

compressed data 64 in units of one block having the  10 

transformation block size.  Therefore, because the moving 

image decoding device can select the transformation  block size 

which has been used by the encoding device from the  set of 

transformation block sizes which is defined in the same way that 

the set of transformation block sizes is defined by  the moving 15 

image encoding device to decode the compressed data , the moving 

image decoding device can correctly decode the bits tream 

encoded by the moving image encoding device in acco rdance with 

Embodiment 1. 

[0093] 20 

Embodiment 2. 

In this Embodiment 2, a variant of the variable len gth 

encoding unit 23 of the moving image encoding devic e in 

accordance with above-mentioned Embodiment 1 will b e explained, 

and a variant of the variable length decoding unit 61 of the 25 

moving image decoding device in accordance with abo ve-mentioned 

Embodiment 1 will be explained similarly. 

[0094] 

First, a variable length encoding unit 23 of a movi ng image 

encoding device in accordance with this Embodiment 2 will be  30 
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explained.  Fig. 9 is a block diagram showing the i nternal 

structure of the variable length encoding unit 23 o f the moving 

image encoding device in accordance with Embodiment  2 of the 

present invention.  In Fig. 9, the same components as those 

shown in Fig. 1 or like components are designated b y the same 5 

reference numerals as those shown in the figure, an d the 

explanation of the components will be omitted herea fter.  

Further, because the structure of the moving image encoding 

device in accordance with this Embodiment 2 is the same as that 

in accordance with above-mentioned Embodiment 1, an d the 10 

operation of each component except the variable len gth encoding 

unit 23 is the same as that in accordance with abov e-mentioned 

Embodiment 1, an explanation will be made by using Figs. 1 to 

8.  Further, for the sake of simplicity, although i t is assumed 

hereafter that the moving image encoding device in accordance 15 

with this Embodiment 2 has a structure and a proces sing method 

based on the use of the set of encoding modes shown  in Fig. 2A, 

it is needless to say that Embodiment 2 can also be  applied to 

a structure and a processing method based on the us e of the set 

of encoding modes shown in Fig. 2B. 20 

[0095] 

The variable length encoding unit 23 shown in Fig. 9 

includes a binarization table memory 105 for storin g a 

binarization table indicating a correspondence betw een index 

values which a multi valued signal showing an encod ing mode 7 25 

(or an optimum prediction parameter 10a or 18a, or an optimum 

compression parameter 20a) can have, and binary sig nals, a 

binarizing unit 92 for using this binarization tabl e to convert 

an optimum encoding mode 7a (or an optimum predicti on parameter 

10a or 18a, or an optimum compression parameter 20a ) shown by  30 
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the multi valued signal which is selected by an enc oding 

controlling unit 3 into a binary signal 103, an ari thmetic 

encoding processing operation unit 104 for referrin g to context 

identification information 102 which is generated b y a context 

generating unit 99, a context information memory 96 , a 5 

probability table memory 97, and a state transition  table memory 

98 to carry out arithmetic encoding on the binary s ignal 103 

into which the optimum encoding mode is converted b y the 

binarizing unit 92 and output an encoded bit sequen ce 111, and 

for multiplexing this encoded bit sequence 111 into  a bitstream 10 

30, a frequency information generating unit 93 for counting the 

frequency of occurrence of the optimum encoding mod e 7a (or an 

optimum prediction parameter 10a or 18a, or an opti mum 

compression parameter 20a) to generate frequency in formation 

94, and a binarization table updating unit 95 for u pdating the 15 

correspondence between possible values of the multi  valued 

signal and binary signals in the binarization table  stored in 

the binarization table memory 105 on the basis of t he frequency 

information 94. 

[0096] 20 

Hereafter, a variable length encoding procedure car ried 

out by the variable length encoding unit 23 will be  explained 

by taking the optimum encoding mode 7a of a macrobl ock outputted 

from the encoding controlling unit 3 as an example of a parameter 

to be entropy-encoded.  An optimum prediction param eter 10a or 25 

18a, or an optimum compression parameter 20a, which  is similarly 

a parameter to be encoded, can be variable-length-e ncoded in 

accordance with the same procedure as that in accor dance with 

which the variable length encoding unit encodes the  optimum 

encoding mode 7a, the explanation of the procedure carried out  30 
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on an optimum prediction parameter or an optimum co mpression 

parameter will be omitted hereafter. 

[0097] 

The encoding controlling unit 3 in accordance with this 

Embodiment 2 outputs a context information initiali zation flag 5 

91, a type indicating signal 100, peripheral block information 

101, and a binarization table update flag 113.  The  details of 

each of the pieces of information will be mentioned  later. 

[0098] 

An initializing unit 90 initializes context informa tion 10 

106 stored in the context information memory 96 in accordance 

with the context information initialization flag 91  notified 

thereto from the encoding controlling unit 3 to pla ce the 

context information 106 in its initial state.  The details of 

the initialization process carried out by the initi alizing unit 15 

90 will be mentioned later. 

[0099] 

The binarizing unit 92 refers to the binarization t able 

stored in the binarization table memory 105 to conv ert the index 

value of the multi valued signal showing the type o f the optimum 20 

encoding mode 7a inputted thereto from the encoding  controlling 

unit 3 into a binary signal 103, and outputs this b inary signal 

to the arithmetic encoding processing operation uni t 104. 

[0100] 

Fig. 10 is a view showing an example of the binariz ation 25 

table held by the binarization table memory 105.  I n an 

"encoding mode" column shown in Fig. 10, there are five types 

of encoding modes 7 including a skip mode (mb_skip:  a mode in 

which the decoding device uses a prediction image, on which the 

motion compensation has been carried out by using t he motion  30 
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vectors of adjacent macroblocks by the encoding dev ice, for a 

decoded image) in addition to the encoding modes (m b_mode0 to 

mb_mode3) shown in Fig. 2A.  An "index" value corre sponding to 

each of the encoding modes is stored in the binariz ation table.  

Further, the index value of each of these encoding modes is 5 

binarized into a binary number having one or three bits, and 

is stored as a "binary signal".  In this case, each  bit of the 

binary signal is referred to as a "bin" number.  Al though 

mentioned later in detail, in the example of Fig. 1 0, a smaller 

index value is assigned to an encoding mode having a higher 10 

frequency of occurrence, and a corresponding binary  signal is 

also set to be short in length, i.e. 1 bit in lengt h. 

[0101] 

The optimum encoding mode 7a outputted from the enc oding 

controlling unit 3 is inputted to the binarizing un it 92, and 15 

is also inputted to the frequency information gener ating unit 

93. 

[0102] 

The frequency information generating unit 93 counts  the 

frequency of occurrence of the index value of the e ncoding mode 20 

included in this optimum encoding mode 7a (the freq uency of 

selection of the encoding mode which the encoding c ontrolling 

unit has selected) to generate frequency informatio n 94, and 

outputs this frequency information to the binarizat ion table 

updating unit 95 which will be mentioned later. 25 

[0103] 

The probability table memory 97 holds a table for s toring 

two or more sets of one symbol (MPS: Most Probable Symbol) having 

a higher probability of occurrence of the symbol va lues "0" and 

"1" in each bin included in the binary signal 103, and the  30 
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probability of occurrence of the symbol. 

[0104] 

Fig. 11 is a view showing an example of a probabili ty table 

held by the probability table memory 97.  Referring  to Fig. 11, 

a "probability table number" is assigned to each of  discrete 5 

probability values ranging from 0.5 to 1.0 ("probab ilities of 

occurrence"). 

[0105] 

The state transition table memory 98 holds a table for 

storing a plurality of sets each having a "probabil ity table 10 

number" stored in the probability table memory 97, and a state 

transition from a probability state in which the MP S of "0" or 

"1", which is shown by the probability table number , has not 

been encoded to a probability state in which the MP S of "0" or 

"1" has been encoded. 15 

[0106] 

Fig. 12 is a view showing an example of a state tra nsition 

table held by the state transition table memory 98.   Each set 

of a "probability table number", a "probability tra nsition 

after LPS is encoded", and a "probability transitio n after MPS 20 

is encoded", which are shown in Fig. 12, correspond s to a 

probability table number shown in Fig. 11.  For exa mple, this 

figure shows that at the time of a probability stat e having the 

"probability table number 1" enclosed by a box show n in Fig. 

12 (at the time that the probability of occurrence of the MPS 25 

is 0.527, as shown in Fig. 11), the encoding of one  symbol having 

a lower probability of occurrence (LPS: Least Proba ble Symbol) 

of "0" and "1" causes the probability state to make  a transition 

to the one having the probability table number 0 (t he 

probability of occurrence of the MPS is 0.500, as s hown in Fig.  30 
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11), as can be seen from the "probability transitio n after LPS 

is encoded".  More specifically, because the LPS oc curs, the 

probability of occurrence of the MPS becomes small.   In contrast 

with this, the figure shows that the encoding of th e MPS causes 

the probability state to make a transition to the o ne having 5 

the probability table number 2 (the probability of occurrence 

of the MPS is 0.550, as shown in Fig. 11), as can b e seen from 

the "probability transition after MPS is encoded".  More 

specifically, because the MPS occurs, the probabili ty of 

occurrence of the MPS becomes large. 10 

[0107] 

The context generating unit 99 refers to the type 

indicating signal 100 indicating the type of the pa rameter to 

be encoded (the optimum encoding mode 7a, an optimu m prediction 

parameter 10a or 18a, or an optimum compression par ameter 20a) 15 

which is inputted from the encoding controlling uni t 3, and the 

peripheral block information 101 to generate contex t 

identification information 102 for each bin of the binary signal 

103 acquired by carrying out binarization on the pa rameter to 

be encoded.  In this explanation, the type indicati ng signal 20 

100 indicates the optimum encoding mode 7a of the m acroblock 

to be encoded.  Further, the peripheral block infor mation 101 

indicates the optimum encoding modes 7a of macroblo cks adjacent 

to the macroblock to be encoded.  Hereafter, a gene ration 

procedure for generating the context identification  25 

information which is carried out the context genera ting unit 

99 will be explained. 

[0108] 

Fig. 13(a) is a view showing the binarization table  shown 

in Fig. 10 in binary tree representation.  Hereafte r, an  30 
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explanation will be made by taking a macroblock to be encoded 

denoted by a thick-bordered box shown in Fig. 13(b)  and 

peripheral blocks A and B which are adjacent to thi s macroblock 

to be encoded as an example.  In Fig. 13(a), each b lack dot is 

referred to as a node, and each line which connects  between nodes 5 

is referred to as a path.  The indexes of the multi  valued signal 

to be binarized are assigned to the terminal nodes of the binary 

tree, respectively.  Further, the position of each node in a 

direction of the depth of the binary tree, which is  extending 

downwardly from an upper part to a lower part on th e page, 10 

corresponds to its bin number, and a bit sequence w hich is 

acquired by connecting the symbols (each 0 or 1) re spectively 

assigned to paths extending from the root node to e ach terminal 

node shows a binary signal 103 corresponding to the  index of 

the multi valued signal assigned to the terminal no de.  For each 15 

parent node (a node which is not any terminal node)  of the binary 

tree, one or more pieces of context identification information 

are prepared in accordance with the information abo ut the 

peripheral blocks A and B. 

[0109] 20 

For example, when three pieces of context identific ation 

information C0, C1, and C2 are prepared for the roo t node in 

the example of Fig. 13(a), the context generating u nit 99 refers 

to the pieces of peripheral block information 101 a bout the 

adjacent peripheral blocks A and B to select either  one of the 25 

three pieces of context identification information C0, C1, and 

C2 in accordance with the following equation (4).  The context 

generating unit 99 outputs the selected context ide ntification 

information as the context identification informati on 102. 
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zero)not  is X macroblock of mode encoding(when 0
)(X

  (4) 

[0110] 

The above equation (4) is prepared on the assumptio n that 

when each of the peripheral blocks A and B is defin ed as a 

macroblock X, there is a high probability that the encoding mode 5 

of the macroblock to be encoded is "0" (mb_skip) wh en the 

encoding mode of each of the peripheral blocks A an d B is "0" 

(mb_skip).  Therefore, the context identification 

information 102 selected in accordance with the abo ve equation 

(4) is based on the same assumption. 10 

[0111] 

One context identification information (C3, C4, or C5) 

is assigned to each of the parent nodes other than the root node. 

[0112] 

The context information identified by the context 15 

identification information 102 holds the value (0 o r 1) of the 

MPS and the probability table number which approxim ates the 

probability of occurrence of the value.  Now, the c ontext 

information is placed in its initial state.  The co ntext 

information memory 96 stores this context informati on. 20 

[0113] 

The arithmetic encoding processing operation unit 1 04 

carries out arithmetic encoding on each bin of the binary signal 

103 with one or three bits inputted from the binari zing unit 

92 to generate an encoded bit sequence 111, and mul tiplexes this 25 

encoded bit sequence into the bitstream 30.  Hereaf ter, an  
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arithmetic encoding procedure based on the context information 

will be explained. 

[0114] 

The arithmetic encoding processing operation unit 1 04 

refers to the context information memory 96 first t o acquire 5 

the context information 106 based on the context id entification 

information 102 corresponding to the bin 0 of the b inary signal 

103.  Next, the arithmetic encoding processing oper ation unit 

104 refers to the probability table memory 97 to sp ecify the 

probability 108 of occurrence of the MPS of the bin  0 10 

corresponding to the probability table number 107 h eld by the 

context information 106. 

[0115] 

Next, the arithmetic encoding processing operation unit 

104 carries out arithmetic encoding on the symbol v alue 109 (0 15 

or 1) of the bin 0 on the basis of the value (0 or 1) of the 

MPS held by the context information 106 and the spe cified 

probability 108 of occurrence of the MPS.  Next, th e arithmetic 

encoding processing operation unit 104 refers to th e state 

transition table memory 98 and acquires the probabi lity table 20 

number 110 at a time after the symbol of the bin 0 is encoded 

on the basis of both the probability table number 1 07 held by 

the context information 106, and the symbol value 1 09 of the 

bin 0 on which arithmetic encoding has been carried  out 

previously. 25 

[0116] 

Next, the arithmetic encoding processing operation unit 

104 updates the value of the probability table numb er (i.e. the 

probability table number 107) of the context inform ation 106 

of the bin 0 stored in the context information memo ry 96 to the  30 
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probability table number at a time after the state transition 

(i.e. the probability table number 110 at a time af ter the symbol 

of the bin 0 is encoded, which has been previously acquired from 

the state transition table memory 98). 

[0117] 5 

The arithmetic encoding processing operation unit 1 04 

also carries out arithmetic encoding based on the c ontext 

information 106 identified by the context identific ation 

information 102 on the symbol of each of the bins 1  and 2, and 

then updates the context information 106 after enco ding the 10 

symbol of each of the bins, like in the case of car rying out 

arithmetic encoding on the symbol of the bin 0.  Th e arithmetic 

encoding processing operation unit 104 outputs an e ncoded bit 

sequence 111 which the arithmetic encoding processi ng operation 

unit has acquired by carrying out arithmetic encodi ng on the 15 

symbols of all the bins, and the variable length en coding unit 

23 multiplexes the encoded bit sequence into the bi tstream 30. 

[0118] 

As mentioned above, the context information 106 

identified by the context identification informatio n 102 is 20 

updated every time when arithmetic encoding is carr ied out on 

the symbol of each bin.  More specifically, this up date means 

that the probability state of each node makes a tra nsition every 

time when the symbol of each bin is encoded.  Initi alization 

of the context information 106, i.e. reset of the p robability 25 

state is carried out by the above-mentioned initial izing unit 

90.  While the initializing unit 90 initializes the  context 

information in accordance with an instruction shown  by the 

context information initialization flag 91 of the e ncoding 

controlling unit 3, the initializing unit 90 carrie s out this  30 
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initialization at the head of each slice or the lik e.  A 

plurality of sets can be prepared in advance for th e initial 

state of each context information 106 (the value of  the MPS, 

and the initial value of the probability table numb er which 

approximates the probability of occurrence of the v alue), and 5 

the encoding controlling unit 3 can include informa tion showing 

which initial state is to be selected from the plur ality of sets 

in the context information initialization flag 91 a nd notify 

this context information initialization flag to the  

initializing unit 90. 10 

[0119] 

The binarization table updating unit 95 refers to t he 

frequency information 94 showing the frequency of o ccurrence 

of the index value of the parameter to be encoded ( in this case, 

the optimum encoding mode 7a) which is generated by  the 15 

frequency information generating unit 93 on the bas is of the 

binarization table update flag 113 notified thereto  from the 

encoding controlling unit 3 to update the binarizat ion table 

memory 105.  Hereafter, a procedure for updating th e 

binarization table which is carried out by the bina rization 20 

table updating unit 95 will be explained. 

[0120] 

In this example, the binarization table updating un it 

updates a correspondence between the encoding modes  in the 

binarization table and the indexes in accordance wi th the 25 

frequency of occurrence of the encoding mode specif ied by the 

optimum encoding mode 7a which is the parameter to be encoded 

in such a way as to be able to binarize the encodin g mode having 

the highest frequency of occurrence into a short co deword, 

thereby reducing the code amount. 30 
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[0121] 

Fig. 14 is a view showing an example of the binariz ation 

table updated.  Assuming that the binarization tabl e which is 

yet to be updated is placed in a state shown in Fig . 10, Fig. 

14 shows a state in which the binarization table ha s been 5 

updated.  For example, when the frequency of occurr ence of 

mb_mode3 is the highest, the binarization table upd ating unit 

95 assigns the smallest index value to mb_mode3 in accordance 

with the frequency information 94 in such a way tha t a binary 

signal having a short codeword is assigned to mb_mo de3. 10 

[0122] 

Further, after updating the binarization table, the  

binarization table updating unit 95 needs to genera te 

binarization table update identification informatio n 112 for 

enabling the decoding device to identify the update d 15 

binarization table and multiplex the binarization t able update 

identification information into the bitstream 30.  For 

example, when there are a plurality of binarization  tables for 

each parameter to be encoded, an ID for enabling th e 

identification of each parameter to be encoded can be provided 20 

in advance for both the encoding device and the dec oding device, 

and the binarization table updating unit 95 can be constructed 

in such a way as to output the ID of the binarizati on table 

updated as binarization table updating identificati on 

information 112, and multiplex this binarization ta ble update 25 

identification information into the bitstream 30. 

[0123] 

The encoding controlling unit 3 carries out control  of 

an update time by referring to the frequency inform ation 94 of 

the parameter to be encoded at the head of each sli ce, and, when  30 
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determining that the distribution of the frequency of 

occurrence of the parameter to be encoded has chang ed and 

deviated from a predetermined permissible range, ou tputting a 

binarization table update flag 113.  The variable l ength 

encoding unit 23 should just multiplex the binariza tion table 5 

update flag 113 into the slice header of the bitstr eam 30.  

Further, when the binarization table update flag 11 3 shows 

"there is an update of the binarization table", the  variable 

length encoding unit 23 multiplexes the binarizatio n table 

updating identification information 112 showing whi ch 10 

binarization table of the binarization tables of th e encoding 

mode, a compression parameter, and a prediction par ameter has 

been updated into the bitstream 30. 

[0124] 

Further, the encoding controlling unit 3 can notify  the 15 

update of the binarization table at a time other th an the time 

that the encoding controlling unit processes the he ad of each 

slice.  For example, the encoding controlling unit can output 

the binarization table update flag 113 at the time that the 

encoding controlling unit processes the head of an arbitrary 20 

macroblock to instruct an update of the binarizatio n table.  In 

this case, the binarization table updating unit 95 needs to 

output information for identifying the position of the 

macroblock for which the binarization table has bee n updated, 

and the variable length encoding unit 23 also needs  to multiplex 25 

the information into the bitstream 30. 

[0125] 

When outputting the binarization table update flag 113 

to the binarization table updating unit 95 to cause  this 

binarization table updating unit to update the bina rization  30 
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table, the encoding controlling unit 3 needs to out put the 

context information initialization flag 91 to the i nitializing 

unit 90 to cause the initializing unit to initializ e the context 

information memory 96. 

[0126] 5 

Next, a variable length decoding unit 61 of the mov ing 

image decoding device in accordance with this Embod iment 2 will 

be explained.  Fig. 15 is a block diagram showing t he internal 

structure of the variable length decoding unit 61 o f the moving 

image decoding device in accordance with Embodiment  2 of the 10 

present invention.  Further, because the structure of the 

moving image decoding device in accordance with thi s Embodiment 

2 is the same as that in accordance with above-ment ioned 

Embodiment 1, and the operation of each component e xcept the 

variable length decoding unit 61 is the same as tha t in 15 

accordance with above-mentioned Embodiment 1, an ex planation 

will be made by using Figs. 1 to 8. 

[0127] 

The variable length decoding unit 61 shown in Fig. 15 

includes an arithmetic decoding processing operatio n unit 127 20 

for referring to context identification information  126 which 

a context generating unit 122 generates, a context information 

memory 128, a probability table memory 131, and a s tate 

transition table memory 135 to carry out arithmetic  decoding 

on an encoded bit sequence 133 showing an optimum e ncoding mode 25 

62 (or an optimum prediction parameter 63 or an opt imum 

compression parameter 65) multiplexed into a bitstr eam 60 to 

generate a binary signal 137, a binarization table memory 143 

for storing a binarization table 139 indicating a 

correspondence between the optimum encoding mode 62  expressed  30 
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by a binary signal (or an optimum prediction parame ter 63 or 

an optimum compression parameter 65) and a multi va lued signal, 

and an inverse binarizing unit 138 for converting t he binary 

signal 137 which the arithmetic decoding processing  operation 

unit 127 has generated into a decoded value 140 of a multi valued 5 

signal by using the binarization table 139. 

[0128] 

Hereafter, a variable length decoding procedure car ried 

out by the variable length decoding unit 61 will be  explained 

by taking the optimum encoding mode 62 of a macrobl ock included 10 

in the bitstream 60 as an example of a parameter to  be 

entropy-decoded.  Because the variable length decod ing unit 61 

can also variable-length-decode an optimum predicti on 

parameter 63 or an optimum compression parameter 65  which is 

similarly a parameter to be decoded in accordance w ith the same 15 

procedure as that in accordance with which the vari able length 

decoding unit variable-length-decodes the optimum e ncoding 

mode 62, the explanation of the variable length dec oding 

procedure carried out on an optimum prediction para meter or an 

optimum compression parameter will be omitted. 20 

[0129] 

Context initialization information 121, an encoded bit 

sequence 133, a binarization table update flag 142,  and 

binarization table updating identification informat ion 144 

which are multiplexed into the bitstream 60 by the encoding 25 

device are included in the bitstream 60 in accordan ce with this 

Embodiment 2.  The details of each of these pieces of 

information will be mentioned later. 

[0130] 

An initializing unit 120 initializes the context  30 
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information stored in the context information memor y 128 at the 

head of each slice or the like.  As an alternative,  a plurality 

of sets can be prepared for an initial state of the  context 

information (the value of the MPS, and an initial v alue of the 

probability table number which approximates the pro bability of 5 

occurrence of the MPS value) in the initializing un it 120, and 

an initial state corresponding to the decoded value  of the 

context initialization information 121 can be selec ted from the 

plurality of sets. 

[0131] 10 

The context generating unit 122 refers to both a ty pe 

indicating signal 123 showing the type of the param eter to be 

decoded (the optimum encoding mode 62, an optimum p rediction 

parameter 63, or an optimum compression parameter 6 5) and 

peripheral block information 124 to generate contex t 15 

identification information 126. 

[0132] 

The type indicating signal 123 shows the type of th e 

parameter to be decoded, and the decoding device de termines what 

the parameter to be decoded is in accordance with a  syntax held 20 

by the variable length decoding unit 61.  Therefore , the 

encoding device and the decoding device need to hol d the same 

syntax, and, in this embodiment, it is assumed that  the encoding 

controlling unit 3 of the encoding device holds the  syntax.  The 

encoding device sequentially outputs the type of th e parameter 25 

to be encoded next and the value (index value) of t he parameter, 

i.e. the type indicating signal 100 to the variable  length 

encoding unit 23 in accordance with the syntax held  by the 

encoding controlling unit 3. 

[0133] 30 
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Further, the peripheral block information 124 inclu des 

the encoding mode which is acquired by decoding eac h macroblock 

or subblock, and is stored in a memory (not shown) in the variable 

length decoding unit 61 in order to use the periphe ral block 

information 124 as information used for subsequent decoding of 5 

a macroblock or subblock and is outputted to the co ntext 

generating unit 122 as needed. 

[0134] 

A generation procedure for generating context 

identification information 126 which is carried out  by the 10 

context generating unit 122 is the same as the oper ation of the 

context generating unit 99 disposed in the encoding  device.  

Also the context generating unit 122 in the decodin g device 

generates context identification information 126 fo r each bin 

of the binarization table 139 which is to be referr ed to by the 15 

inverse binarizing unit 138. 

[0135] 

In the context information of each bin, the value ( 0 or 

1) of the MPS, and the probability table number for  specifying 

the probability of occurrence of the value of the M PS are held 20 

as probability information used for carrying out ar ithmetic 

decoding on the bin.  Further, the probability tabl e memory 131 

and the state transition table memory 135 store the  same 

probability table (Fig. 11) as the probability tabl e memory 97 

of the encoding device and the same state transitio n table (Fig. 25 

12) as the state transition table memory 98 of the encoding 

device, respectively. 

[0136] 

The arithmetic decoding processing operation unit 1 27 

carries out arithmetic decoding on the encoded bit sequence 133  30 
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multiplexed into the bitstream 60 on a per-bin basi s to generate 

a binary signal 137, and outputs this binary signal  to the 

inverse binarizing unit 138. 

[0137] 

The arithmetic decoding processing operation unit 1 27 5 

refers to the context information memory 128 first to acquire 

the context information 129 based on the context id entification 

information 126 corresponding to each bin of the en coded bit 

sequence 133.  Next, the arithmetic decoding proces sing 

operation unit 127 refers to the probability table memory 131 10 

to specify the probability 132 of occurrence of the  MPS of each 

bin corresponding to the probability table number 1 30 held by 

the context information 129. 

[0138] 

The arithmetic decoding processing operation unit 1 27 15 

then carries out arithmetic decoding on the encoded  bit sequence 

133 inputted to the arithmetic decoding processing operation 

unit 127 on the basis of the value (0 or 1) of the MPS held by 

the context information 129 and the specified proba bility 132 

of occurrence of the MPS to acquire the symbol valu e 134 (0 or 20 

1) of each bin.  After acquiring the symbol value o f each bin 

through the decoding, the arithmetic decoding proce ssing 

operation unit 127 refers to the state transition t able memory 

135, and acquires the probability table number 136 at a time 

after the symbol of each bin is decoded (at a time after a state 25 

transition is made) on the basis of the symbol valu e 134 of each 

decoded bin and the probability table number 130 he ld by the 

context information 129 and in accordance with the same 

procedure as that carried out by the arithmetic enc oding 

processing operation unit 104 of the encoding devic e. 30 
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[0139] 

Next, the arithmetic decoding processing operation unit 

127 updates the value of the probability table numb er (i.e. the 

probability table number 130) of the context inform ation 129 

of each bin which is stored in the context informat ion memory 5 

128 to the probability table number at a time after  a state 

transition is made (i.e. the probability table numb er 136 at 

a time after the symbol of each bin is decoded whic h has been 

previously acquired from the state transition table  memory 

135).  The arithmetic decoding processing operation  unit 127 10 

outputs a binary signal 137 in which the symbols of  the bins 

acquired as results of performing the above-mention ed 

arithmetic decoding on the encoded bit sequence are  connected 

to one another to the inverse binarizing unit 138. 

[0140] 15 

The inverse binarizing unit 138 selects the same 

binarization table 139 as that used at the time of the encoding 

from among the binarization tables stored in the bi narization 

table memory 143 and prepared for all the types of parameters 

to be decoded and refers to the binarization table selected 20 

thereby, and selectively outputs the decoded value 140 of the 

parameter to be decoded from the binary signal 137 inputted 

thereto from the arithmetic decoding processing ope ration unit 

127.  When the type of the parameter to be decoded is the 

encoding mode (optimum encoding mode 62) of a macro block, the 25 

binarization table 139 is the same as the binarizat ion table 

in the encoding device shown in Fig. 10. 

[0141] 

The binarization table updating unit 141 updates th e 

binarization table stored in the binarization table  memory 143  30 
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on the basis of the binarization table update flag 142 and the 

binarization table updating identification informat ion 144 

which are decoded from the bitstream 60. 

[0142] 

The binarization table update flag 142 is informati on 5 

which corresponds to the binarization table update flag 113 in 

the encoding device, and which is included in the h eader 

information or the like of the bitstream 60 and sho ws whether 

or not there is an update to the binarization table .  When the 

decoded value of the binarization table update flag  142 shows 10 

"there is an update to the binarization table", the  binarization 

table updating identification information 144 is de coded from 

the bitstream 60. 

[0143] 

The binarization table updating identification 15 

information 144 is information which corresponds to  the 

binarization table updating identification informat ion 112 in 

the encoding device, and which is used for identify ing the 

binarization table of a parameter updated by the en coding 

device.  For example, when a plurality of binarizat ion tables 20 

are provided in advance for each parameter to be en coded, as 

mentioned above, an ID which enables each parameter  to be 

encoded to be identified and an ID of each of the b inarization 

tables are provided in advance both in the encoding  device side 

and in the decoding device, and the binarization ta ble updating 25 

unit 141 updates the binarization table correspondi ng to the 

ID value in the binarization table updating identif ication 

information 144 which is decoded from the bitstream  60.  In this 

example, two types of binarization tables shown in Figs. 10 and 

14, and IDs of these binarization tables are prepar ed in advance  30 
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in the binarization table memory 143, and, when it is assumed 

that the binarization table yet to be updated is pl aced in a 

state shown in Fig. 10, the binarization table upda ting unit 

141 must necessarily select the binarization table 

corresponding to the ID included in the binarizatio n table 5 

updating identification information 144 by simply c arrying out 

an update process in accordance with the binarizati on table 

update flag 142 and the binarization table updating  

identification information 144.  Therefore, the bin arization 

table updated enters a state shown in Fig. 14, and becomes the 10 

same as the binarization table which has been updat ed in the 

encoding device. 

[0144] 

As mentioned above, the moving image encoding devic e in 

accordance with Embodiment 2 is constructed in such  a way that 15 

the encoding controlling unit 3 selects and outputs  a parameter 

to be encoded, such as an optimum encoding mode 7a which provides 

an optimum degree of encoding efficiency, an optimu m prediction 

parameter 10a or 18a, or an optimum compression par ameter 20a, 

the binarizing unit 92 of the variable length encod ing unit 23 20 

converts the parameter to be encoded expressed by a  multi valued 

signal into a binary signal 103 by using the binari zation table 

stored in the binarization table memory 105, the ar ithmetic 

encoding processing operation unit 104 carries out arithmetic 

encoding on the binary signal 103 to output an enco ded bit 25 

sequence 111, the frequency information generating unit 93 

generates frequency information 94 of the parameter  to be 

encoded, and the binarization table updating unit 9 5 updates 

the correspondence between the multi valued signal in the 

binarization table and the binary signal on the bas is of the  30 
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frequency information 94, the code amount can be re duced while 

the encoded video having the same quality is genera ted, as 

compared with the conventional method having the bi narization 

table which is fixed at all times. 

[0145] 5 

Further, because the binarization table updating un it 95 

is constructed in such a way as to multiplex both t he 

binarization table updating identification informat ion 112 

showing whether or not there is an update to the bi narization 

table, and the binarization table updating identifi cation 10 

information 112 for identifying the binarization ta ble updated 

into the bitstream 30, the moving image decoding de vice in 

accordance with Embodiment 2 is constructed in acco rdance with 

the structure of the binarization table updating un it in such 

a way that the arithmetic decoding processing opera tion unit 15 

127 of the variable length decoding unit 61 carries  out 

arithmetic decoding on the encoded bit sequence 133  multiplexed 

into the bitstream 60 to generate a binary signal 1 37, the 

inverse binarizing unit 138 uses the binarization t able 139 of 

the binarization table memory 143 to convert the bi nary signal 20 

137 into a multi valued signal and acquire a decode d value 140, 

and the binarization table updating unit 141 update s a 

predetermined binarization table stored in the bina rization 

table memory 143 on the basis of the binarization t able update 

flag 142 and the binarization table updating identi fication 25 

information 144 which are acquired through the deco ding of the 

header information multiplexed into the bitstream 6 0.  

Therefore, because the moving image decoding device  can update 

the binarization table in accordance with the same procedure 

as that carried out by the moving image encoding de vice and can  30 
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carry out inverse binarization on the parameter to be encoded, 

the moving image encoding device in accordance with  Embodiment 

2 can decode the encoded bitstream correctly. 

[0146] 

Embodiment 3. 5 

In this Embodiment 3, a variant of the generating p rocess 

of generating a prediction image by using a motion- compensated 

prediction which is made by the motion-compensated prediction 

unit 9 in the moving image encoding device and the moving image 

decoding device in accordance with any one of above -mentioned 10 

Embodiments 1 and 2 will be explained  

[0147] 

First, a motion-compensated prediction unit 9 of a moving 

image encoding device in accordance with this Embod iment 3 will 

be explained.  Further, because the structure of th e moving 15 

image encoding device in accordance with this Embod iment 3 is 

the same as that in accordance with above-mentioned  Embodiment 

1 or 2, and the operation of each component except the 

motion-compensated prediction unit 9 is the same as  that in 

accordance with above-mentioned Embodiment 1 or 2, an 20 

explanation will be made by using Figs. 1 to 15. 

[0148] 

The motion-compensated prediction unit 9 in accorda nce 

with this Embodiment 3 has the same structure as an d operates 

in the same way as that in accordance with above-me ntioned 25 

Embodiment 1 or 2, with the exception that a struct ure and an 

operation associated with a prediction image genera ting process 

having virtual sample accuracy differ from those in  accordance 

with any one of above-mentioned Embodiments 1 and 2 .  More 

specifically, in accordance with above-mentioned Em bodiments  30 
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1 and 2, as shown in Fig. 3, the interpolated image  generating 

unit 43 of the motion-compensated prediction unit 9  generates 

reference image data having virtual pixel accuracy,  such as 

half-pixel or 1/4 pixel accuracy, and, when generat ing a 

prediction image 45 on the basis of this reference image data 5 

having virtual pixel accuracy, generates virtual pi xels by 

implementing an interpolation arithmetic operation with a 6-tap 

filter using six integer pixels running in a vertic al or 

horizontal direction to generate a prediction image , like in 

the case of the MPEG-4 AVC standards.  In contrast with this, 10 

the motion-compensated prediction unit 9 in accorda nce with 

this Embodiment 3 enlarges a reference image 15 hav ing integer 

pixel accuracy stored in a motion-compensated predi ction frame 

memory 14 by carrying out a super resolution proces s on the 

reference image 15 to generate a reference image 20 7 having 15 

virtual pixel accuracy, and then generates a predic tion image 

on the basis of this reference image 207 having vir tual pixel 

accuracy. 

[0149] 

Next, the motion-compensated prediction unit 9 in 20 

accordance with this Embodiment 3 will be explained  by using 

Fig. 3.  Like that in accordance with any one of ab ove-mentioned 

Embodiments 1 and 2, an interpolated image generati ng unit 43 

in accordance with this Embodiment 3 specifies one or more 

frames of reference images 15 from the motion-compe nsated 25 

prediction frame memory 14, and a motion detecting unit 42 

detects a motion vector 44 in a predetermined motio n search 

range on the reference image 15 specified by the in terpolated 

image generating unit.  The detection of the motion  vector is 

implemented by using a motion vector having virtual  pixel  30 
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accuracy, like in the case of the MPEG-4 AVC standa rds or the 

like.  In accordance with this detecting method, an  

interpolation arithmetic operation is performed on pixel 

information (referred to as integer pixels) which t he reference 

image has to generate virtual samples (pixels) betw een the 5 

integer pixels, and these virtual samples are used as a 

reference image. 

[0150] 

In order to generate a reference image having virtu al 

pixel accuracy, it is necessary to enlarge a refere nce image 10 

having integer pixel accuracy (generate a reference  image 

having a higher resolution) to generate a sample pl ane which 

consists of virtual pixels.  To this end, when a re ference image 

for movement search having virtual pixel accuracy i s required, 

the interpolated image generating unit 43 in accord ance with 15 

this Embodiment 3 uses a super resolution technique  disclosed 

by "W. T.Freeman, E.C.Pasztor and O.T. Carmichael, "Learning 

Low-Level Vision", International Journal of Compute r Vision, 

vol.40, No.1, 2000" to generate a reference image h aving virtual 

pixel accuracy.  In the following explanation, a st ructure in 20 

which the motion-compensated prediction unit 9 carr ies out a 

super resolution image generating process to genera te a 

reference image 207 having virtual pixel accuracy f rom the 

reference image data stored in the motion-compensat ed 

prediction frame memory 14, and the motion detectin g unit 42 25 

carries out a motion vector search process using th e reference 

image will be mentioned hereafter. 

[0151] 

Fig. 16 is a block diagram showing the internal str ucture 

of the interpolated image generating unit 43 of the   30 
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motion-compensated prediction unit 9 of the moving image 

encoding device in accordance with Embodiment 3 of the present 

invention.  The interpolated image generating unit 43 shown in 

Fig. 16 includes an image enlargement processing un it 205 for 

carrying out an enlarging process on the reference image 15 5 

stored in the motion-compensated prediction frame m emory 14, 

an image reduction processing unit 200 for carrying  out a 

reducing process on the reference image 15, a high frequency 

feature extracting unit 201a for extracting a featu re quantity 

of a high frequency region component from the image  reduction 10 

processing unit 200, a high frequency feature extra cting unit 

201b for extracting a feature quantity of a high fr equency 

region component from the reference image 15, a cor relation 

calculating unit 202 for calculating the value of a  correlation 

between the feature quantities, a high frequency co mponent 15 

estimating unit 203 for estimating a high frequency  component 

from both the value of the correlation and prior le arned data 

stored in a high frequency component pattern memory  204, and 

an adding unit 206 for correcting a high frequency component 

of the enlarged image by using the estimated high f requency 20 

component to generate a reference image 207 having virtual pixel 

accuracy. 

[0152] 

In the interpolated image generating unit shown in Fig. 

16, when the reference image 15 in the range used f or a motion 25 

search process is inputted from the reference image  data stored 

in the motion-compensated prediction frame memory 1 4 to the 

interpolated image generating unit 43, this referen ce image 15 

is inputted to the image reduction processing unit 200, to the 

high frequency feature extracting unit 201b, and to  the image  30 
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enlargement processing unit 205. 

[0153] 

The image reduction processing unit 200 generates a  

reduced image whose height and width are respective ly reduced 

to 1/N times (N is a power of 2, such as 2 or 4) th e original 5 

height and width from the reference image 15, and o utputs the 

reduced image to the high frequency feature extract ing unit 

201a.  A typical image reduction filter implements this 

reducing process. 

[0154] 10 

The high frequency feature extracting unit 201a ext racts 

a first feature quantity associated with a high fre quency 

component, such as an edge component, from the redu ced image 

which is generated by the image reduction processin g unit 200.  

As the first feature quantity, for example, a param eter showing 15 

a DCT in a local block or a Wavelet transform coeff icient 

distribution can be used. 

[0155] 

The high frequency feature extracting unit 201b car ries 

out a high frequency feature extracting process sim ilar to that 20 

carried out by the high frequency feature extractin g unit 201a, 

and extracts a second feature quantity having a fre quency 

component region different from that of the first f eature 

quantity from the reference image 15.  The second f eature 

quantity is outputted to the correlation calculatin g unit 202, 25 

and is also outputted to the high frequency compone nt estimating 

unit 203. 

[0156] 

When the first feature quantity is inputted from th e high 

frequency feature extracting unit 201a and the seco nd feature  30 
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quantity is inputted from the high frequency featur e extracting 

unit 201b, the correlation calculating unit 202 cal culates the 

value of a feature-quantity-based correlation in a high 

frequency component region between the reference im age 15 and 

the reduced image in units of one local block.  As this value 5 

of the correlation, for example, a distance between  the first 

feature quantity and the second feature quantity is  calculated. 

[0157] 

The high frequency component estimating unit 203 

specifies a prior learned pattern of the high frequ ency 10 

component from the high frequency component pattern  memory 204 

on the basis of both the second feature quantity in putted 

thereto from the high frequency feature extracting unit 201b, 

and the value of the correlation inputted thereto f rom the 

correlation calculating unit 202, and estimates and  generates 15 

a high frequency component which the reference imag e 207 having 

virtual pixel accuracy should have.  The generated high 

frequency component is outputted to the adding unit  206. 

[0158] 

The image enlargement processing unit 205 performs either 20 

an interpolation arithmetic operation with a 6-tap filter using 

six integer pixels running in a vertical or horizon tal direction 

or enlargement filtering, such as bilinear filterin g, on the 

inputted reference image 15, like in the case of pe rforming a 

generating process of generating samples having hal f pixel 25 

accuracy in accordance with the MPEG-4 AVC standard s, to enlarge 

each of the height and width of the reference image  15 by N times 

to generate an enlarged image. 

[0159] 

The adding unit 206 adds the high frequency compone nt  30 
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inputted thereto from the high frequency component estimating 

unit 203 to the enlarged image inputted thereto fro m the image 

enlargement processing unit 205 to generate an enla rged 

reference image.  More specifically, the adding uni t corrects 

the high frequency component of the enlarged image to generate 5 

an enlarged reference image whose height and width are 

respectively enlarged to N times the original heigh t and width.  

The interpolated image generating unit 43 uses this  enlarged 

reference image data as a reference image 207 havin g virtual 

pixel accuracy in which 1/N is set to 1. 10 

[0160] 

The interpolated image generating unit 43 can be 

alternatively constructed in such a way as to, afte r generating 

a reference image 207 having half pixel (1/2 pixel)  accuracy 

by setting N to 2, generate virtual samples (pixels ) having 1/4 15 

pixel accuracy by performing an interpolation arith metic 

operation using a filter for acquiring a mean value  of adjacent 

1/2 pixels or integer pixels. 

[0161] 

Further, the interpolated image generating unit 43 can 20 

be constructed in such a way as to include a unit f or switching 

whether or not to add the high frequency component outputted 

by the high frequency component estimating unit 203  to the 

enlarged image outputted by the image enlargement p rocessing 

unit 205 to control the result of the generation of  the reference 25 

image 207 having virtual pixel accuracy in addition  to the 

structure shown in Fig. 16.  In the case in which t he 

interpolated image generating unit is constructed i n this way, 

there is provided an advantage of suppressing a bad  influence 

upon the encoding efficiency when the estimation ac curacy of  30 
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the high frequency component estimating unit 203 is  bad for some 

reason such as an exceptional image pattern.  When the adding 

unit 206 selectively determines whether or not to a dd the high 

frequency component outputted by the high frequency  component 

estimating unit 203 to the enlarged image, the movi ng image 5 

encoding device generates a prediction image 45 for  both the 

case of adding them and the case of not adding them  and then 

carries out a motion-compensated prediction, and en codes the 

results of the motion-compensated prediction and de termines one 

of the prediction images which provides a higher de gree of 10 

efficiency.  The moving image encoding device then multiplexes 

adding process information showing whether the addi ng unit has 

added the high frequency component to the enlarged image into 

the bitstream 30 as control information. 

[0162] 15 

As an alternative, the interpolated image generatin g unit 

43 can uniquely determine whether or not to add the  high 

frequency component to the enlarged image from anot her 

parameter to be multiplexed into the bitstream 30 t o control 

the adding process carried out by the adding unit 2 06.  As an 20 

example of determining whether or not to add the hi gh frequency 

component to the enlarged image from another parame ter, for 

example, there can be provided a method of using th e type of 

an encoding mode 7 as shown in Fig. 2A or 2B.  When  an encoding 

mode showing that the division of a macroblock into  motion 25 

compensation region blocks is fine is selected, the re is a high 

probability that the image pattern has a violent mo vement.  

Therefore, in this case, by assuming that the effec t of the super 

resolution is low, the interpolated image generatin g unit 43 

controls the adding unit 206 to cause this adding u nit not to  30 
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add the high frequency component outputted by the h igh frequency 

component estimating unit 203 to the enlarged image .  In 

contrast, when either an encoding mode showing that  the size 

of each motion compensation region block in a macro block is 

large or an intra prediction mode in which the bloc k size is 5 

large is selected, there is a high probability that  the image 

pattern is a relatively-stationary image area.  The refore, in 

this case, by assuming that the effect of the super  resolution 

is low, the interpolated image generating unit 43 c ontrols the 

adding unit 206 to cause this adding unit to add th e high 10 

frequency component outputted by the high frequency  component 

estimating unit 203 to the enlarged image. 

[0163] 

As an example of using another parameter other than  the 

encoding mode 7, a parameter, such as the size of t he motion 15 

vector or a variation in the motion vector field in  

consideration of adjacent areas, can be used.  The interpolated 

image generating unit 43 of the motion-compensated prediction 

unit 9 shares the type of the parameter with the de coding device 

to determine whether or not to add the high frequen cy component 20 

to the enlarged image.  In this case, the moving im age encoding 

device does not have to multiplex the control infor mation about 

the adding process directly into the bitstream 30, thereby being 

able to improve the compression efficiency. 

[0164] 25 

The moving image encoding device can be constructed  in 

such a way as to perform the above-mentioned super resolution 

process on the reference image 15, which is to be s tored in the 

motion-compensated prediction frame memory 14, to c onvert the 

reference image into a reference image 207 having v irtual pixel  30 
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accuracy before storing the reference image in the 

motion-compensated prediction frame memory 14, and,  after that, 

store the reference image 207 in the motion-compens ated 

prediction frame memory.  In the case of this struc ture, 

although the size of a memory required as the motio n-compensated 5 

prediction frame memory 14 increases, the moving im age encoding 

device does not have to sequentially carry out the super 

resolution process during the motion vector search and during 

the prediction image generation and the processing load on the 

motion-compensated prediction process itself can be  reduced, 10 

and the moving image encoding device becomes able t o carry out 

the frame encoding process and the generating proce ss of 

generating a reference image 207 having virtual pix el accuracy 

in parallel, and can speed up the processes. 

[0165] 15 

Hereafter, an example of a motion vector detection 

procedure for detecting a motion vector having virt ual pixel 

accuracy using the reference image 207 having virtu al pixel 

accuracy will be shown by using Fig. 3. 

[0166] 20 

Motion vector detection procedure I' 

The interpolated image generating unit 43 generates  a 

prediction image 45 for the motion vector 44 having  integer 

pixel accuracy in the predetermined motion search r ange of a 

motion compensation region block image 41.  The pre diction 25 

image 45 (prediction image 17) generated at integer  pixel 

accuracy is outputted to the subtraction unit 12, a nd is 

subtracted from the motion compensation region bloc k image 41 

(macro/subblock image 5) by the subtraction unit 12 , so that 

the result of the subtraction is defined as a predi ction  30 
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difference signal 13.  The encoding controlling uni t 3 

evaluates a degree of prediction efficiency for the  prediction 

difference signal 13 and for the motion vector 44 ( prediction 

parameter 18) having integer pixel accuracy.  Becau se the 

evaluation of this prediction efficiency can be car ried out in 5 

accordance with the above equation (1) explained in  

above-mentioned Embodiment 1, the explanation of th e evaluation 

will be omitted hereafter. 

[0167] 

Motion vector detection procedure II' 10 

The interpolated image generating unit 43 generates  a 

prediction image 45 by using the reference image 20 7 having 

virtual pixel accuracy generated within the interpo lated image 

generating unit 43 shown in Fig. 16 for a motion ve ctor 44 having 

1/2 pixel accuracy located in the vicinity of the m otion vector 15 

having integer pixel accuracy which is determined i n accordance 

with the above-mentioned "motion vector detection p rocedure I".  

After that, like in the case of the above-mentioned  "motion 

vector detection procedure I", the prediction image  45 

(prediction image 17) generated at 1/2 pixel accura cy is 20 

subtracted from the motion compensation region bloc k image 41 

(macro/subblock image 5) by the subtraction unit 12  to acquire 

a prediction difference signal 13.  Next, the encod ing 

controlling unit 3 evaluates a degree of prediction  efficiency 

for this prediction difference signal 13 and for th e motion 25 

vector 44 (prediction parameter 18) having 1/2 pixe l accuracy, 

and selectively determines a motion vector 44 havin g 1/2 pixel 

accuracy which minimizes the prediction cost J 1 from among one 

or more motion vectors having 1/2 pixel accuracy lo cated in the 

vicinity of the motion vector having integer pixel accuracy. 30 
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[0168] 

Motion vector detection procedure III' 

Also as to a motion vector having 1/4 pixel accurac y, the 

encoding controlling unit 3 and the motion-compensa ted 

prediction unit 9 selectively determine a motion ve ctor 44 5 

having 1/4 pixel accuracy which minimizes the predi ction cost 

J1 from one or more motion vectors having 1/4 pixel a ccuracy 

located in the vicinity of the motion vector having  1/2 pixel 

accuracy which is determined in accordance with the  

above-mentioned "motion vector detection procedure II". 10 

[0169] 

Motion vector detection procedure IV' 

After that, the encoding controlling unit 3 and the  

motion-compensated prediction unit 9 similarly dete ct a motion 

vector having virtual pixel accuracy until the moti on vector 15 

detected thereby has a predetermined degree of accu racy. 

[0170] 

Thus, the motion-compensated prediction unit 9 outp uts 

the virtual-pixel-accuracy motion vector having the  

predetermined accuracy, which is determined for eac h motion 20 

compensation region block image 41 which is one of a plurality 

of blocks into which the macro/subblock image 5 is divided and 

each of which is a unit for the motion compensation  shown by 

the encoding mode 7, and the identification number of the 

reference image specified by the motion vector as p rediction 25 

parameters 18.  The motion-compensated prediction u nit 9 also 

outputs the prediction image 45 (prediction image 1 7) which is 

generated by using the prediction parameters 18 to the 

subtraction unit 12, and the subtraction unit 12 su btracts the 

prediction image 45 from the macro/subblock image 5  to acquire  30 
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a prediction difference signal 13.  The prediction difference 

signal 13 outputted from the subtraction unit 12 is  outputted 

to the transformation/quantization unit 19.  Becaus e 

subsequent processes carried out after that are the  same as 

those explained in above-mentioned Embodiment 1, th e 5 

explanation of the processes will be omitted hereaf ter. 

[0171] 

Next, the moving image decoding device in accordanc e with 

this Embodiment 3 will be explained.  Because the m oving image 

decoding device in accordance with this Embodiment 3 has the 10 

same structure as the moving image decoding device in accordance 

with any one of above-mentioned Embodiments 1 and 2 , with the 

exception that the moving image decoding device in accordance 

with this Embodiment 3 has a structure different fr om the 

structure associated with the prediction image gene rating 15 

process having virtual pixel accuracy carried out b y the 

motion-compensated prediction unit 70 in accordance  with any 

one of above-mentioned Embodiments 1 and 2, and the  moving image 

decoding device in accordance with this Embodiment 3 operates 

in a different way from that in accordance with any  one of 20 

above-mentioned Embodiments 1 and 2 when carrying o ut the 

prediction image generating process, the structure and 

operation of the moving image decoding device in ac cordance with 

this Embodiment 3 will be explained by using Figs. 1 to 16. 

[0172] 25 

In accordance with any one of above-mentioned Embod iments 

1 and 2, when generating a prediction image on the basis of a 

reference image having virtual pixel accuracy, such  as 

half-pixel or 1/4 pixel accuracy, the motion-compen sated 

prediction unit 70 generates virtual pixels by impl ementing an  30 
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interpolation arithmetic operation with a 6-tap fil ter using 

six integer pixels running in a vertical or horizon tal 

direction, or the like to generate a prediction ima ge, like in 

the case of the MPEG-4 AVC standards.  In contrast with this, 

a motion-compensated prediction unit 70 in accordan ce with this 5 

Embodiment 3 enlarges a reference image 76 having i nteger pixel 

accuracy stored in a motion-compensated prediction frame memory 

75 by carrying out a super resolution process on th e reference 

image.  As a result, the motion-compensated predict ion unit 

generates a reference image having virtual pixel ac curacy. 10 

[0173] 

The motion-compensated prediction unit 70 in accord ance 

with this Embodiment 3 generates a prediction image  72 from the 

reference image 76 stored in the motion-compensated  prediction 

frame memory 75 on the basis of motion vectors incl uded in the 15 

inputted optimum prediction parameters 63, the iden tification 

number (reference image index) of the reference ima ge specified 

by each of the motion vectors, and so on, and outpu ts the 

prediction image, like that in accordance with any one of 

above-mentioned Embodiments 1 and 2.  An adding uni t 73 adds 20 

the prediction image 72 inputted from the motion-co mpensated 

prediction unit 70 to prediction difference signal decoded 

values 67 inputted from an inverse quantization/inv erse 

transformation unit 66 to generate a decoded image 74. 

[0174] 25 

A generation method of generating the prediction im age 

72 which is implemented by the motion-compensated p rediction 

unit 70 corresponds to the operation of the motion- compensated 

prediction unit 9 in the encoding device from which  the process 

of searching through a plurality of reference image s for motion  30 
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vectors (corresponding to the operations of the mot ion 

detecting unit 42 and the interpolated image genera ting unit 

43 shown in Fig. 3) is excluded.  The motion-compen sated 

prediction unit carries out only the process of gen erating the 

prediction image 72 in accordance with optimum pred iction 5 

parameters 63 provided thereto from a variable leng th decoding 

unit 61. 

[0175] 

When generating a prediction image 72 at virtual pi xel 

accuracy, the motion-compensated prediction unit 70  carries out 10 

the same process as that shown in Fig. 16 on the re ference image 

76 stored in the motion-compensated prediction fram e memory 75 

and specified by the identification number (referen ce image 

index) of the reference image to generate a referen ce image 

having virtual pixel accuracy, and then generates a  prediction 15 

image 72 by using the decoded motion vector.  At th is time, when 

the encoding device has selectively determined whet her or not 

to add the high frequency component outputted by th e high 

frequency component estimating unit 203 shown in Fi g. 16 to the 

enlarged image, the decoding device extracts the co ntrol 20 

information showing whether the encoding device has  carries out 

the adding process from the bitstream 60, or unique ly determines 

whether the encoding device has added the high freq uency 

component to the enlarged image from another parame ter to 

control an adding process in the motion-compensated  prediction 25 

unit 70.  In the case of using another parameter to  determine 

whether the encoding device has added the high freq uency 

component to the enlarged image, a parameter, such as the size 

of the motion vector or a variation in the motion v ector field 

in consideration of adjacent areas, can be used.  T he  30 
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motion-compensated prediction unit 70 shares the ty pe of the 

parameter with the encoding device and determines w hether the 

encoding device has added the high frequency compon ent to the 

enlarged image.  As a result, the moving image enco ding device 

does not have to multiplex the control information about the 5 

adding process directly into the bitstream 30, ther eby being 

able to improve the compression efficiency. 

[0176] 

The motion-compensated prediction unit 70 can carry  out 

the process of generating a reference image having virtual pixel 10 

accuracy only when the motion vectors included in t he optimum 

prediction parameters 18a which are outputted from the encoding 

device (i.e. optimum prediction parameters 63 in th e decoding 

device) indicate the virtual pixel accuracy.  In th is 

structure, the motion-compensated prediction unit 9  switches 15 

between the use of the reference image 15 stored in  the 

motion-compensated prediction frame memory 14, and the 

generation and use of a reference image 207 having virtual pixel 

accuracy by means of the interpolated image generat ing unit 43 

in accordance with the motion vector, and generates  a prediction 20 

image 17 from either the reference image 15 or the reference 

image 207 having virtual pixel accuracy. 

[0177] 

As an alternative, the motion-compensated predictio n 

unit can be constructed in such a way as to carry o ut the process 25 

shown in Fig. 16 on the reference image which is ye t to be stored 

in the motion-compensated prediction frame memory 7 5 and store 

the reference image having virtual pixel accuracy o n which the 

enlargement process has been carried out and in whi ch a high 

frequency component has been corrected in the  30 
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motion-compensated prediction frame memory 75.  In the case of 

this structure, although the size of a memory which  should be 

prepared as the motion-compensated prediction frame  memory 75 

increases, it is not necessary to duplicately carry  out the 

process shown in Fig. 16 when the number of times t hat the motion 5 

vector points to a pixel at the same virtual sample  position.  

Therefore, the amount of computation can be reduced .  Further, 

in a case in which the range of displacement which is pointed 

to by the motion vector is known in advance by the decoding 

device, the motion-compensated prediction unit 70 c an be 10 

constructed in such a way as to carry out the proce ss shown in 

Fig. 16 on the target region while limiting this re gion only 

to the range.  What is necessary is just to make th e decoding 

device know the range of displacement which is poin ted to by 

the motion vector by, for example, multiplexing a v alue range 15 

showing the range of displacement which is pointed to by the 

motion vector into the bitstream 60 to transmit the  value range 

to the decoding device, or making both the encoding  device and 

the decoding device mutually determine and set the value range 

in their operations. 20 

[0178] 

As mentioned above, the moving image encoding devic e in 

accordance with Embodiment 3 is constructed in such  a way that 

the motion-compensated prediction unit 9 has the in terpolated 

image generating unit 43 for carrying out an enlarg ing process 25 

on the reference image 15 stored in the motion-comp ensated 

prediction frame memory 14, and also correcting a h igh frequency 

component to generate a reference image 207 having virtual pixel 

accuracy, and switches between the use of the refer ence image 

15 or the generation and use of the reference image  207 having  30 
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virtual pixel accuracy in accordance with the motio n vector to 

generate a prediction image 17, even when carrying out high 

compression on the inputted video signal 1 includin g many high 

frequency components, such as fine edges, the movin g image 

encoding device can generate the prediction image 1 7 which is 5 

to be generated by using a motion-compensated predi ction from 

the reference image including many high frequency c omponents, 

thereby being able to compression-encode the inputt ed video 

signal efficiently. 

[0179] 10 

Further, also the moving image decoding device in 

accordance with Embodiment 3 is constructed in such  a way that 

the motion-compensated prediction unit 70 has the i nterpolated 

image generating unit for generating a reference im age having 

virtual pixel accuracy in accordance with the same procedure 15 

as that carried out by the moving image encoding de vice, and 

switches between the use of the reference image 76 stored in 

the motion-compensated prediction frame memory 75 o r the 

generation and use of the reference image having vi rtual pixel 

accuracy in accordance with the motion vector multi plexed into 20 

the bitstream 60 to generate a prediction image 72,  the moving 

image decoding device can correctly decode the bits tream 

encoded by the moving image encoding device in acco rdance with 

Embodiment 3. 

[0180] 25 

The interpolated image generating unit 43 in accord ance 

with above-mentioned Embodiment 3 carries out the s uper 

resolution process based on the above-mentioned tec hnique 

disclosed by W. T. Freeman et al. (2000) to generat e a reference 

image 207 having virtual pixel accuracy.  However, the super  30 
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resolution process is not limited the one based on the 

above-mentioned technique, and the interpolated ima ge 

generating unit can be constructed in such a way as  to use another 

arbitrary super resolution technique to generate a reference 

image 207 having virtual pixel accuracy. 5 

[0181] 

Further, in a case in which the moving image encodi ng 

device in accordance with any one of above-mentione d 

Embodiments 1 to 3 is constructed of a computer, a moving image 

encoding program in which the processes carried out  by the block 10 

dividing unit 2, the encoding controlling unit 3, t he switching 

unit 6, the intra-prediction unit 8, the motion-com pensated 

prediction unit 9, the motion-compensated predictio n frame 

memory 14, the transformation/quantization unit 19,  the inverse 

quantization/inverse transformation unit 22, the va riable 15 

length encoding unit 23, the loop filter unit 27, a nd the memory 

28 for intra prediction are described can be stored  in a memory 

of the computer, and a CPU of the computer can be m ade to execute 

the moving image encoding program stored in the mem ory.  

Similarly, in a case in which the moving image deco ding device 20 

in accordance with any one of above-mentioned Embod iments 1 to 

3 is constructed of a computer, a moving image deco ding program 

in which the processes carried out by the variable length 

decoding unit 61, the inverse quantization/inverse 

transformation unit 66, the switching unit 68, the 25 

intra-prediction unit 69, the motion-compensated pr ediction 

unit 70, the motion-compensated prediction frame me mory 75, the 

memory 77 for intra prediction, and the loop filter  unit 78 are 

described can be stored in a memory of the computer , and a CPU 

of the computer can be made to execute the moving i mage decoding  30 
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program stored in the memory. 

INDUSTRIAL APPLICABILITY 

[0182] 

Because the moving image encoding device and the mo ving 

image decoding device in accordance with the presen t invention 5 

can switch among transformation block sizes adaptiv ely to 

compression-encode an inputted moving image for eac h region 

which serves as a unit for motion-compensated predi ction in each 

macroblock, the moving image encoding device and th e moving 

image decoding device in accordance with the presen t invention 10 

are suitable for use as a moving image encoding dev ice which 

divides a moving image into predetermined regions t o encode the 

moving image on a per-region basis and as a moving image decoding 

device which decodes an encoded moving image on a 

per-predetermined-region basis. 15 

EXPANATIONS OF REFERENCE NUMERALS 

[0183] 

1 inputted video signal, 2 block dividing unit, 3 e ncoding 

controlling unit, 4 macroblock size, 5 macro/subblo ck image, 

6 switching unit, 7 encoding mode, 7a optimum encod ing mode, 20 

8 intra-prediction unit, 9 motion-compensated predi ction unit, 

10 prediction parameter, 10a optimum prediction par ameter, 11 

prediction image, 12 subtraction unit, 13 predictio n difference 

signal, 13a optimum prediction differential signal,  14 

motion-compensated prediction frame memory, 15 refe rence 25 

image, 17 prediction image, 18 prediction parameter , 18a 

optimum prediction parameter, 19 transformation/qua ntization 

unit, 20 compression parameter, 20a optimum compres sion 

parameter, 21 compressed data, 22 inverse quantizat ion/inverse 

transformation unit, 23 variable length encoding un it, 24 local  30 
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decoded prediction difference signal, 25 adding uni t, 26 local 

decoded image signal, 27 loop filter unit, 28 memor y for intra 

prediction, 29 local decoded image, 30 bitstream, 4 0 motion 

compensation region dividing unit, 41 motion compen sation 

region block image, 42 motion detecting unit, 43 in terpolated 5 

image generating unit, 44 motion vector, 45 predict ion image, 

50 transformation block size dividing unit, 51 tran sformation 

object block, 52 transformation unit, 53 transform 

coefficients, 54 quantizing unit, 60 bitstream, 61 variable 

length decoding unit, 62 optimum encoding mode, 63 optimum 10 

prediction parameter, 64 compressed data, 65 optimu m 

compression parameter, 66 inverse quantization/inve rse 

transformation unit, 67 prediction difference signa l decoded 

value, 68 switching unit, 69 intra-prediction unit,  70 

motion-compensated prediction unit, 71 prediction i mage, 72 15 

prediction image, 73 adding unit, 74 and 74a decode d image, 75 

motion-compensated prediction frame memory, 76 refe rence 

image, 77 memory for intra prediction, 78 loop filt er unit, 79 

reproduced image, 90 initializing unit, 91 context information 

initialization flag, 92 binarizing unit, 93 frequen cy 20 

information generating unit, 94 frequency informati on, 95 

binarization table updating unit, 96 context inform ation 

memory, 97 probability table memory, 98 state trans ition table 

memory, 99 context generating unit, 100 type indica ting signal, 

101 peripheral blocks information, 102 context iden tification 25 

information, 103 binary signal, 104 arithmetic enco ding 

processing operation unit, 105 binarization table m emory, 106 

context information, 107 probability table number, 108 MPS 

probability of occurrence, 109 symbol value, 110 pr obability 

table number, 111 encoded bit sequence, 112 binariz ation table 30 

updating identification  
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information, 113 binarization table update flag, 12 0 

initializing unit, 121 context initialization infor mation, 122 

context generating unit, 123 type indicating signal , 124 

peripheral blocks information, 126 context identifi cation 

information, 127 arithmetic decoding processing ope ration 5 

unit, 128 context information memory, 129 context i nformation, 

130 probability table number, 131 probability table  memory, 132 

MPS probability of occurrence, 133 encoded bit sequ ence, 134 

symbol value, 135 state transition table memory, 13 6 

probability table number, 137 binary signal, 138 in verse 10 

binarizing unit, 139 binarization table, 140 decode d value, 141 

binarization table updating unit, 142 binarization table update 

flag, 143 binarization table memory, 144 binarizati on table 

updating identification information, 200 image redu ction 

processing unit, 201a and 201b high frequency featu re 15 

extracting unit, 202 correlation calculating unit, 203 high 

frequency component estimating unit, 204 high frequ ency 

component pattern memory, 205 image enlarging proce ss unit, 206 

adding unit, 207 reference image having virtual pix el accuracy. 

 20 
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CLAIMS 

[1]  A moving image encoding device comprising: 

a block dividing unit for dividing an inputted imag e into 

macroblock images of two or more blocks each having  a 5 

predetermined size and dividing each of the macrobl ock images 

into a block image of one or more blocks in accorda nce with an 

encoding mode to output the block image; 

an intra-prediction unit for, when said block image  is 

inputted thereto, carrying out an intra-frame predi ction on 10 

said block image by using an image signal in a fram e to generate 

a prediction image; 

a motion-compensated prediction unit for, when said  block 

image is inputted thereto, carrying out an image 

motion-compensated prediction on said block by usin g one or more 15 

frames of reference images to generate a prediction  image; 

a switching unit for inputting said block image out putted 

from said block dividing unit to either one of said  

intra-prediction unit and said motion-compensated p rediction 

unit in accordance with an encoding mode of said bl ock image; 20 

a subtraction unit for subtracting the prediction i mage 

outputted from either one of said intra-prediction unit and said 

motion-compensated prediction unit from said block image 

outputted from said block dividing unit to generate  a prediction 

difference signal; 25 

a transformation/quantization unit for carrying out  a 

transformation and quantization process on said pre diction 

difference signal to generate compressed data; 

a variable length encoding unit for entropy-encodin g said 

compressed data to multiplex said compressed data  30 
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entropy-encoded thereby into a bitstream; and 

an encoding controlling unit for selecting a certai n 

transformation block size from a set of transformat ion block 

sizes predetermined in accordance with a block size  of said 

block image to notify said transformation block siz e selected 5 

thereby to said transformation/quantization unit, w herein 

said transformation/quantization unit divides said 

prediction difference signal into blocks each havin g said 

transformation block size notified thereto from sai d encoding 

controlling unit, and carries out a transformation and 10 

quantization process on each of the blocks to gener ate 

compressed data. 

[2]  The moving image encoding device according to claim 1, 

wherein said encoding controlling unit notifies sai d 

transformation/quantization unit of each of one or more 15 

transformation block sizes included in the set of 

transformation block sizes, acquires compressed dat a 

associated with said each of one or more transforma tion block 

sizes to evaluate a degree of encoding efficiency, and selects 

one transformation block size from said set of tran sformation 20 

block sizes on a basis of results of the evaluation ,  said 

transformation/quantization unit divides the predic tion 

difference signal into blocks for each of cases in which said 

blocks have a size equal to each of the one or more  transformation 

block sizes, which are included in the set of trans formation 25 

block sizes notified thereto from said encoding con trolling 

unit, and for a case in which said blocks have said  

transformation block size selected from said set, a nd carries 

out a transformation and quantization process on ea ch of the 

blocks to generate compressed data in each of said cases, and  30 
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said variable length encoding unit entropy-encodes information 

specifying said transformation block size selected from said 

set and the compressed data associated with said se lected 

transformation block size in units of one block of the block 

image to multiplex said information and said compre ssed data 5 

entropy-encoded thereby into the bitstream. 

[3]  A moving image decoding device comprising: 

a variable length decoding unit for receiving a bit stream 

inputted thereto and compression-encoded in units o f each of 

macroblocks having a predetermined size into which an image is 10 

divided and then entropy-decoding an encoding mode in units of 

one of said macroblocks from said bitstream, and fo r 

entropy-decoding prediction parameters, compression  

parameters, and compressed data in units of one of the 

macroblocks into which the image is divided in acco rdance with 15 

said decoded encoding mode; 

an intra-prediction unit for, when said prediction 

parameters are inputted thereto, generating a predi ction image 

by using an intra prediction mode and a decoded ima ge signal 

in a frame which are included in the prediction par ameters; 20 

a motion-compensated prediction unit for, when said  

prediction parameters are inputted thereto, carryin g out a 

motion-compensated prediction by using a motion vec tor included 

in the prediction parameters and a reference image specified 

by a reference image index included in the predicti on parameters 25 

to generate a prediction image; 

a switching unit for inputting the prediction param eters 

decoded by said variable length decoding unit to ei ther one of 

said intra-prediction unit and said motion-compensa ted 

prediction unit in accordance with said decoded enc oding mode; 30 
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an inverse quantization/inverse transformation unit  for 

carrying out an inverse quantization and inverse tr ansformation 

process on said compressed data by using said compr ession 

parameters to generate a decoded prediction differe nce signal; 

and 5 

an adding unit for adding the prediction image outp utted 

from either one of the said intra-prediction unit a nd said 

motion-compensated prediction unit to said decoded prediction 

difference signal to output a decoded image signal,  wherein 

said inverse quantization/inverse transformation un it 10 

determines a transformation block size on a basis o f said 

decoded encoding mode and transformation block size  information 

included in said compression parameters, and carrie s out an 

inverse quantization and inverse transformation pro cess on said 

compressed data in units of one block having said t ransformation 15 

block size. 

 


