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[DESCRIPTION] 

[Title] 

        IMAGE PROCESSING APPARATUS, METHOD, AND PROGRAM 

[Technical Field] 

[0001] 

        The present disclosure relates to an image 

processing apparatus, a method, and a program, and 

particularly to an image processing apparatus, a method, 

and a program that can reduce delay that may possibly 

occur in intra prediction. 

[Background Art] 

[0002] 

        In HEVC (High Efficiency Video Coding), a CU 

(Coding Unit) of chroma (Cb/Cr) is split into 4 × 4 

(pixels).  In VVC (Versatile Video Coding), it is 

permitted to split a CU into a size of 4 × 4 for 

luminance (Y) and into a size of 2 × 2 for Cb/Cr (NPL 1). 
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JTC1/SC29/WG11 11th Meeting: Ljubljana, SI, 10-18 July 



 2  

2018 

[Summary] 

[Technical Problem] 

[0004] 

        Since splitting a CU into a size of 2 × 2 becomes 

possible a CU for Cb/Cr, the throughput of the CU having 

a size of 2 × 2 for Cb/Cr in intra prediction becomes 

bottleneck. 

[0005] 

        The present disclosure has been made in view of 

such a situation as described above and makes it possible 

to reduce delay that may possibly occur in intra 

prediction. 

[Solution to Problem] 

[0006] 

        An image processing apparatus according to one 

aspect of the present disclosure includes a control 

section configured to exclude, when a CU split structure 

for luminance and a CU split structure for chroma are to 

be determined, for the chroma, a CU split structure that 

is a minimum size in at least one of a vertical direction 

or a horizontal direction to determine a CU split 

structure for the chroma, and an encoding section 

configured to encode an image with the CU split structure 

for luminance and the CU split structure for chroma to 
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generate an encoded stream. 

[0007] 

        In the one aspect of the present disclosure, when a 

CU split structure for luminance and a CU split structure 

for chroma are to be determined, for the chroma, a CU 

split structure that is a minimum size in at least one of 

a vertical direction or a horizontal direction is 

excluded, and a CU split structure for the chroma is 

determined.  Then, an image is encoded with the CU split 

structure for luminance and the CU split structure for 

chroma, and an encoded stream is generated. 

[0008] 

        An image processing apparatus of another aspect of 

the present disclosure includes a control section 

configured to exclude, when a CU split structure for 

luminance and a CU split structure for chroma are to be 

determined, for the chroma, a CU split structure that is 

a minimum size in at least one of a vertical direction or 

a horizontal direction to determine a CU split structure 

for the chroma and determine a CU split structure for the 

luminance and a CU split structure for the chroma on the 

basis of an encoded stream generated by encoding an image 

with the CU split structure for luminance and the CU 

split structure for chroma, and a decoding section 

configured to decode the encoded stream to generate the 
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image on the basis of the CU split structure for 

luminance and the CU split structure for chroma. 

[0009] 

        In the another aspect of the present disclosure, 

when a CU split structure for luminance and a CU split 

structure for chroma are to be determined, for the 

chroma, a CU split structure that is a minimum size in at 

least one of a vertical direction or a horizontal 

direction is excluded, and a CU split structure for the 

chroma is determined.  Further, a CU split structure for 

the luminance and a CU split structure for the chroma are 

determined on the basis of an encoded stream generated by 

encoding an image with the CU split structure for 

luminance and the CU split structure for chroma.  Then, on 

the basis of the CU split structure for luminance and the 

CU split structure for chroma, the encoded stream is 

decoded, and the image is generated. 

[Brief Description of Drawings] 

[0010] 

[FIG. 1] 

        FIG. 1 is a view depicting an example of split of a 

CU that is an encoding unit. 

[FIG. 2] 

        FIG. 2 depicts views depicting a split method of a 

CU. 
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[FIG. 3] 

        FIG. 3 is a view depicting an order of intra 

prediction in a case where a CU for Y has a size of 4 × 4 

and a CU for Cb/Cr has a size of 2 × 2. 

[FIG. 4] 

        FIG. 4 is a view depicting an order of intra 

prediction in a case where luminance chroma prediction is 

performed for Y to Cb/Cr. 

[FIG. 5] 

        FIG. 5 is a block diagram depicting an example of a 

configuration of an embodiment of an encoding apparatus 

to which the present disclosure is applied. 

[FIG. 6] 

        FIG. 6 is a view depicting an example of a tree for 

determining a split structure of a CU. 

[FIG. 7] 

        FIG. 7 is a block diagram depicting an example of a 

configuration of an encoding section of FIG. 5. 

[FIG. 8] 

        FIG. 8 is a flow chart illustrating a stream 

generation process of the encoding apparatus of FIG. 5. 

[FIG. 9] 

        FIG. 9 is a flow chart illustrating details of an 

encoding process in step S12 of FIG. 8. 

[FIG. 10] 
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        FIG. 10 is a flow chart illustrating details of the 

encoding process in step S12 of FIG. 8, continued from 

FIG. 9. 

[FIG. 11] 

        FIG. 11 is a flow chart illustrating details of a 

CU split structure determination process in step S33 of 

FIG. 9. 

[FIG. 12] 

        FIG. 12 is a flow chart illustrating details of a 

calculation process of an RD cost of a BT in step S125 of 

FIG. 11. 

[FIG. 13] 

        FIG. 13 is a flow chart illustrating details of a 

calculation process of an RD cost of a TT in step S126 of 

FIG. 11. 

[FIG. 14] 

        FIG. 14 is a flow chart illustrating another 

example of a CU split structure determination process in 

step S33 of FIG. 9. 

[FIG. 15] 

        FIG. 15 is a flow chart illustrating details of a 

calculation process of an RD cost of a BT in step S184 of 

FIG. 14. 

[FIG. 16] 

        FIG. 16 is a flow chart illustrating details of a 
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calculation process of an RD cost of a TT in step S185 of 

FIG. 14. 

[FIG. 17] 

        FIG. 17 is a flow chart illustrating details of a 

prediction mode decision process of a CU in step S186 of 

FIG. 14. 

[FIG. 18] 

        FIG. 18 is a block diagram depicting an example of 

a configuration of an embodiment of a decoding apparatus 

to which the present disclosure is applied. 

[FIG. 19] 

        FIG. 19 is a block depicting an example of a 

configuration of a decoding section of FIG. 18. 

[FIG. 20] 

        FIG. 20 is a flow chart illustrating an image 

generation process of the decoding apparatus of FIG. 18. 

[FIG. 21] 

        FIG. 21 is a flow chart illustrating details of a 

decoding process in step S303 of FIG. 20. 

[FIG. 22] 

        FIG. 22 is a view depicting an example of a 

separate tree. 

[FIG. 23] 

        FIG. 23 is a flow chart illustrating another 

example of the CU split structure determination process 
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in step S33 of FIG. 9. 

[FIG. 24] 

        FIG. 24 is a flow chart illustrating the different 

example of the CU split structure determination process 

in step S33 of FIG. 9, continued from FIG. 23. 

[FIG. 25] 

        FIG. 25 is a flow chart illustrating details of a 

calculation process of an RD cost of a BT in step S411 of 

FIG. 24. 

[FIG. 26] 

        FIG. 26 is a flow chart illustrating details of a 

calculation process of an RD cost of a TT in step S412 of 

FIG. 24. 

[FIG. 27] 

        FIG. 27 is a view depicting an example of semantics 

regarding the separate tree. 

[FIG. 28] 

        FIG. 28 is a view depicting an example of a split 

structure of a CU capable of being controlled using the 

information regarding FIG. 27. 

[FIG. 29] 

        FIG. 29 is a view depicting an example in which 

only a CU for Cb/Cr has a minimum size of 4 × 4, using 

the information regarding FIG. 27. 

[FIG. 30] 
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        FIG. 30 is a view depicting an example in which the 

minimum size of QT splitting of Cb/Cr is 0. 

[FIG. 31] 

        FIG. 31 is a view depicting an example of a split 

structure of a CU for Cb/Cr set with new information. 

[FIG. 32] 

        FIG. 32 is a block diagram depicting an example of 

a configuration of an embodiment of the encoding 

apparatus to which the present disclosure is applied. 

[FIG. 33] 

        FIG. 33 is a flow chart illustrating a stream 

generation process of the encoding apparatus of FIG. 32. 

[FIG. 34] 

        FIG. 34 is a flow chart illustrating another 

example of a CU split structure determination process in 

step S33 of FIG. 9. 

[FIG. 35] 

        FIG. 35 is a flow chart illustrating the above-

mentioned another example of the CU split structure 

determination process in step S33 of FIG. 9, continued 

from FIG. 34. 

[FIG. 36] 

        FIG. 36 is a flow chart illustrating the above-

mentioned another example of the CU split structure 

determination process in step S33 of FIG. 9, continued 
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from FIG. 35. 

[FIG. 37] 

        FIG. 37 is a flow chart illustrating a further 

example of the CU split structure determination process 

in step S33 of FIG. 9. 

[FIG. 38] 

        FIG. 38 is a flow chart illustrating the further 

example of the CU split structure determination process 

in step S33 of FIG. 9, continued from FIG. 37. 

[FIG. 39] 

        FIG. 39 is a flow chart illustrating the further 

example of the CU split structure determination process 

in step S33 of FIG. 9, continued from FIG. 38. 

[FIG. 40] 

        FIG. 40 is a block diagram depicting an example of 

a configuration of an embodiment of a decoding apparatus 

to which the present disclosure is applied. 

[FIG. 41] 

        FIG. 41 is a flow chart illustrating an image 

generation process of the decoding apparatus of FIG. 40. 

[FIG. 42] 

        FIG. 42 is a flow chart illustrating an example of 

a CU split structure determination process in step S333 

of FIG. 21. 

[FIG. 43] 
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        FIG. 43 is a view depicting an example of a tree to 

be used for the CU split structure determination process. 

[FIG. 44] 

        FIG. 44 is a block diagram depicting an example of 

a configuration of hardware of a computer. 

[Description of Embodiments] 

[0011] 

        In the following, modes for carrying out the 

present disclosure (hereinafter referred to as 

embodiments) are described.  It is to be noted that a 

description is given in the following order. 

        0. Overview 

        1. First Embodiment (Limitation of 2 × 2 of CU for 

Cb/Cr) 

        2. Second Embodiment (Separate Tree) 

        3. Third Embodiment (Addition of Minimum CU to 

Syntax) 

        4. Fourth Embodiment (Determination of Minimum CU 

by Standard) 

        5. Fifth Embodiment 

[0012] 

<0. Overview> 

        (Encoding Method) 

        In the following, the present technology is 

described, taking a case in which it is applied to image 
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encoding and decoding of a VVC (Versatile Video Coding) 

method as an example. 

[0013] 

        (Description of Encoding Unit) 

        FIG. 1 is a view depicting an example of splitting 

of a CU (Coding UNIT) that is a unit for encoding. 

[0014] 

        A screen image of a color image is configured from 

pixels according to a resolution.  The pixels have 

information regarding luminance (Y) indicating a 

brightness, and chroma (Cb/Cr). 

[0015] 

        In a format called 4:2:0 chroma format, the 

resolution of Cb/Cr is one half both vertically and 

horizontally with respect to the luminance as depicted in 

FIG. 2.  In a case where the resolution of Y is 1920 × 

1080, the resolution of Cb/Cr is 960 × 540. 

[0016] 

        In the screen image of FIG. 1, CTUs (Coding Tree 

Units) are arranged in a raster order.  The CTU is a 

predetermined unit and is split into encoding units 

called CUs.  It is to be noted that it is also possible to 

use the CTU as it is as a CU without splitting the CTU.  A 

CTU having a size of 128 × 128 is frequently used for Y. 

[0017] 
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        In FIG. 1, a thick line indicates a boundary 

between CTUs, and a solid line, a broken line, and a 

dashed line indicate a boundary of a CU. 

[0018] 

        FIG. 2 is a view depicting a splitting method of a 

CU. 

[0019] 

        In A of FIG. 2, a CU having a size of 8 × 8 for Y 

and a CU having a size of 4 × 4 for Cb/Cr are depicted.  

In B of FIG. 2, CUs obtained by being split into two in 

the horizontal direction are depicted.  CUs having a size 

of 8 × 4 for Y and CUs having a size of 4 × 2 for Cb/Cr 

are depicted. 

[0020] 

        In C of FIG. 2, CUs obtained by being split into 

two in the vertical direction are depicted.  CUs having a 

size of 4 × 8 for Y and CUs having a size of 2 × 4 for 

Cb/Cr are depicted.  In D of FIG. 2, an example in which a 

CU is split into four is depicted. 

[0021] 

        In HEVC (High Efficiency Video Coding), a CU is 

configured so as to have a size of 8 × 8 for Y and a size 

of 4 × 4 for Cb/Cr. 

[0022] 

        In VVC, a CU can be split into a size of 4 × 4 for 
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Y and a size of 2 × 2 for Cb/Cr. 

[0023] 

        Here, if an image is inputted to an apparatus on 

the encoding side, the difference taken from a prediction 

signal, orthogonal transform, quantization, 

dequantization, inverse orthogonal transform, 

reconstruction with the prediction signal added, and 

intra prediction in a unit of a CU by use of a signal 

after the reconstruction are performed.  In the intra 

prediction, surrounding pixel values may be used in some 

cases.  Therefore, if a loop from the difference taken to 

the reconstruction is not completed, the succeeding intra 

prediction of a CU cannot be performed.  Accordingly, as 

the CU size for chroma decreases, the delay increases, 

and the processing time increases. 

[0024] 

        FIG. 3 is a view depicting an order of intra 

prediction in a case where the size of a CU for Y is 4 × 

4 and the size of a CU for Cb/Cr is 2 × 2. 

[0025] 

        In the example of FIG. 3, arrow marks indicate the 

order of intra prediction of a CU for Cb/Cr. 

[0026] 

        As indicated by the arrow marks, intra prediction 

of the CU is performed in the order of upper left, upper 
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right, lower left, and lower right.  For the upper right 

CU, processing cannot be started if the processing for 

the upper left CU is not completed.  For the lower left 

CU, processing cannot be started if the processing for 

the upper right CU is not completed.  For the lower right 

CU, processing cannot be started if the processing for 

the lower left CU is not completed. 

[0027] 

        In a case where all CUs have a size of 4 × 4 for Y 

and a size of 2 × 2 for Cb/Cr which are obtained by being 

split to a minimum size in such a manner as described 

above, the delay is maximized. 

[0028] 

        Meanwhile, in VVC, it is intended to adopt a 

technology called luminance chroma prediction of 

predicting Cb/Cr from Y. 

[0029] 

        FIG. 4 is a view depicting an order of intra 

prediction in a case where luminance chroma prediction is 

performed for Y to Cb/Cr. 

[0030] 

        In the example of FIG. 4, arrow marks indicate an 

order of intra prediction of CUs for Y and CUs for Cr/Cr. 

[0031] 

        Since, for intra prediction for an upper left CU 
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for Cb/Cr, a pixel value of the upper left CU for Y is 

used, it is necessary that the above-described loop from 

the difference taken from a prediction signal of Y to the 

reconstruction has been completed. 

[0032] 

        In the case of a moving image, an image according 

to a frame rate is inputted for one second to the 

apparatus on the encoding side.  Accordingly, in real-time 

processing, processing for encoding must be completed in 

a certain unit, for example, in one second or in one 

frame; however, there is a risk that the processing may 

not be performed in time due to some delay. 

[0033] 

        Since an apparatus on the decoding side also adds a 

signal after inverse orthogonal transform and a signal of 

intra prediction to reconstruct a signal and intra 

prediction is performed by use of the signal after the 

reconstruction, the apparatus on the decoding side is 

also affected by delay, similarly to the encoding 

apparatus. 

[0034] 

        Therefore, in a first embodiment, CUs of 2 × 2 in 

size for Cb/Cr are excluded from decision of a split 

structure by the apparatus on the decoding side. 

[0035] 
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<1. First Embodiment (Limitation of 2 × 2 of Cb/Cr> 

        (Example of Configuration of First Embodiment of 

Encoding Apparatus) 

        FIG. 5 is a block diagram depicting an example of a 

configuration of an embodiment of the encoding apparatus 

to which the present disclosure is applied. 

[0036] 

        The encoding apparatus 10 of FIG. 5 includes a 

control section 11, a setting section 12, an encoding 

section 13, and a transmission section 14 and encodes an 

image by a method conforming to the VVC method. 

[0037] 

        In particular, the control section 11 of the 

encoding apparatus 10 includes, for example, a CPU 

(Central Processing Unit), a microprocessor, and so 

forth.  The control section 11 executes a predetermined 

program by the CPU to perform various kinds of computing 

processes, operation control of the associated blocks, 

and so forth and operates as a central processing device 

in the encoding apparatus 10. 

[0038] 

        For example, the control section 11 controls the 

encoding section 13 to calculate RD costs and performs a 

CU split structure determination process for determining 

a split structure of a CU on the basis of the RD costs 
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supplied from the encoding section 13.  At this time, the 

control section 11 determines a split structure of a CU 

except a case in which a size of each of CUs for Y after 

splitting is equal to or less than 4 × 4.  In particular, 

except a case in which a size of each of CUs for Cr/Cb is 

2 × 2. 

[0039] 

        Moreover, the control section 11 determines a 

prediction mode on the basis of the RD costs.  The control 

section 11 controls the setting section 12 to set a 

parameter set on the basis of the determined CU split 

structure and prediction mode and controls the encoding 

section 13 to perform an encoding process. 

[0040] 

        The setting section 12 sets an SPS (Sequence 

Parameter Set), a PPS (Picture Parameter Set), VUI (Video 

Usability Information), SEI (Supplemental Enhancement 

Information), and so forth, according to an instruction 

of the control section 11.  The setting section 12 outputs 

the set parameter sets such as the SPS, PPS, VUI, and SEI 

to the encoding section 13. 

[0041] 

        To the encoding section 13, an image of a unit of a 

frame is inputted.  The encoding section 13 encodes an 

inputted image according to an instruction of the control 
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section 11.  The encoding section 13 generates an encoded 

stream from encoded data obtained as a result of encoding 

and the parameter sets and outputs the encoded stream to 

the transmission section 14. 

[0042] 

        The transmission section 14 transmits the encoded 

stream supplied from the encoding section 13 to a 

decoding apparatus 110 described later. 

[0043] 

        FIG. 6 is a view depicting an example of a tree for 

determining a split structure for a CU. 

[0044] 

        In the example of FIG. 6, an example is depicted in 

which Y, Cb, and Cr have a same CU split structure.  The 

tree has branches.  0 and 1 indicated on the left and 

right of each branch indicate values of flags.  The value 

of the flag is placed, after a split structure is 

determined, as a split flag into and sent together with a 

bit stream, which is decoded on the decoding side.  

Consequently, the decoding side can find the CU split 

structure determined by the apparatus on the decoding 

side. 

[0045] 

        At the branch b1, whether the CTU is to be split by 

QT splitting (1) or by split (0) other than the QT 
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splitting.  The split other than the QT split includes BT 

(Binary Tree) split, TT (Ternary Tree) split, or No split 

(without split) (No split). 

[0046] 

        In a case where the QT splitting (1) is selected, 

the CTU is split into QTs.  In a case where the CTU is 

split into QTs, the processing returns as indicated by a 

thick line arrow mark, and each CT is split recursively. 

[0047] 

        In a case where the split (0) other than the QT 

splitting is selected, the processing advances to a 

branch b2.  At the branch b2, BT/TT splitting (1) or No 

split (0) is selected. 

[0048] 

        In a case where the no split (0) is selected, No 

split is determined, and the processing ends. 

[0049] 

        In a case where the BT/TT splitting (1) is 

selected, the processing advances to the branch b3.  At 

the branch b3, horizontal (1) or vertical (0) is 

selected. 

[0050] 

        In a case where the horizontal (1) is selected, the 

processing advances to the branch b4.  At the branch b4, 

the BT (1) or the TT (0) is selected. 
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[0051] 

        In a case where BT (1) is selected, the CTU is 

split into BTs.  In a case where the TT (1) is selected, 

the CTU is split into TTs.  Not only in the case where the 

CTU is split into BTs but also in the case where the CTU 

is split into TTs, the processing returns as indicated by 

broken line arrow marks, and splitting is performed 

recursively. 

[0052] 

        In a case where the vertical (0) is selected, the 

processing advances to the branch b5.  At the branch b5, 

the BT (1) or the TT (0) is selected. 

[0053] 

        In a case where the BT (1) is selected, the CTU is 

split into BTs.  In a case where the TT (1) is selected, 

the CTU is split into TTs.  Not only in the case where the 

CTU is split into BTs but also in the case where the CTU 

is split into TTs, the processing returns as indicated by 

arrow marks and the CTU is split recursively. 

[0054] 

        The selection here is performed on the basis of a 

technology called RD optimization (Rate-Distortion 

Optimization).  In the RD optimization, an RD cost is 

calculated, and a decision is made such that the value of 

the RD cost becomes small, and accordingly, decision of a 
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high encoding efficiency can be performed.  The RD cost J 

is represented by the following expression (1). 

[0055] 

[Math. 1] 

        J = D + λR  ... (1) 

        D is a difference (distortion) between an original 

image and a decoded image, R is a generated code amount 

including up to coefficients of orthogonal transform, and 

λ is a Lagrange undetermined multiplier given as a 

function of a quantization parameter QP. 

[0056] 

        In particular, the control section 11 controls the 

encoding section 13 to calculate the RD cost for the QT, 

BT, TT, and No split at each branch and determines a CU 

split structure on the basis of the RD costs. 

[0057] 

        However, in a case where, after splitting of a QT, 

the size of each of CUs for Y is 8 × 8, the control 

section 11 returns the processing and selects the no 

splitting (0) without calculating the RD cost.  In a case 

where, after splitting of a BT, the size of each of CUs 

for Y is 8 × 8, the control section 11 returns the 

processing and selects the no split (0) without 

calculating the RD cost.  In a case where, after splitting 

of a TT, the size of each of CUs for Y is 8 × 8, the 
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control section 11 returns the processing and selects the 

no split (0) without calculating the RD cost. 

[0058] 

        By determining the CU split structure in such a 

manner as described above, the size of each of CUs for 

Qr/Qb does not become 2 × 2.  Accordingly, it is possible 

to avoid great delay in an encoding process and a 

decoding process of intra prediction. 

[0059] 

        (Example of Configuration of Encoding Section) 

        FIG. 7 is a block diagram depicting an example of a 

configuration of the encoding section of FIG. 5. 

[0060] 

        The encoding section 13 of FIG. 7 includes an A/D 

conversion section 31, a screen image sorting buffer 32, 

a computing section 33, an orthogonal transform section 

34, a quantization section 35, a lossless encoding 

section 36, an accumulation buffer 37, a dequantization 

section 38, an inverse orthogonal transform section 39, 

and an addition section 40.  The encoding section 13 also 

includes a deblock filter 41, an adaptive offset filter 

42, an adaptive loop filter 43, a frame memory 44, a 

switch 45, an intra prediction section 46, a motion 

prediction and compensation section 47, a predicted image 

selection section 48, and a rate controlling section 49. 
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[0061] 

        In the encoding section 13, a CU of the split 

structure determined by the control section 11 is used.  

Further, a split flag determined by a CU split structure 

determination process is outputted to the lossless 

encoding section 36. 

[0062] 

        The A/D conversion section 31 of the encoding 

section 13 A/D converts images in a unit of a frame of an 

encoding target.  The A/D conversion section 31 outputs an 

image in the form of a digital signal after conversion to 

the screen image sorting buffer 32 so as to be stored. 

[0063] 

        The screen image sorting buffer 32 sorts images in 

a unit of a frame in a displaying order into those in an 

encoding order, according to the GOP structure.  The 

screen image sorting buffer 32 outputs the images after 

the sorting to the computing section 33, intra prediction 

section 46, and motion prediction and compensation 

section 47. 

[0064] 

        The computing section 33 performs encoding by 

subtracting a predicted image supplied from the predicted 

image selection section 48 from an image supplied from 

the screen image sorting buffer 32.  The computing section 
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33 outputs an image after the subtraction as residual 

information (difference) to the orthogonal transform 

section 34.  It is to be noted that, in a case where a 

predicted image is not supplied from the predicted image 

selection section 48, the computing section 33 outputs an 

image read out from the screen image sorting buffer 32 as 

it is as residual information to the orthogonal transform 

section 34. 

[0065] 

        The orthogonal transform section 34 performs an 

orthogonal transform process for the residual information 

from the computing section 33 in a unit of a CU.  The 

orthogonal transform section 34 outputs the image after 

the orthogonal transform process to the quantization 

section 35. 

[0066] 

        The quantization section 35 quantizes an image 

after the orthogonal transform process supplied from the 

orthogonal transform section 34.  The quantization section 

35 outputs a quantized value after the quantization to 

the lossless encoding section 36. 

[0067] 

        The lossless encoding section 36 acquires intra 

prediction mode information that is information 

indicating an optimum intra prediction mode from the 
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intra prediction section 46.  Further, the lossless 

encoding section 36 acquires inter prediction mode 

information that is information indicating an optimum 

inter prediction mode, a motion vector, information that 

specifies a reference image, and so forth, from the 

motion prediction and compensation section 47. 

[0068] 

        Further, the lossless encoding section 36 acquires 

offset filter information relating to an offset filter 

from the adaptive offset filter 42 and acquires a filter 

coefficient from the adaptive loop filter 43. 

[0069] 

        The lossless encoding section 36 performs lossless 

encoding such as variable length encoding (for example, 

CAVLC (Context-Adaptive Variable Length Coding)), 

arithmetic encoding (for example, CABAC (Context-Adaptive 

Binary Arithmetic Coding)), and so forth, on the 

quantized value supplied from the quantization section 

35. 

[0070] 

        Further, the lossless encoding section 36 performs 

lossless encoding on intra prediction mode information or 

inter prediction mode information, a motion vector, 

information that specifies a reference image, offset 

filter information, and a filter coefficient, as encoding 
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information relating to encoding.  The split flag is 

subjected to lossless encoding as encoded information for 

each CTU.  The lossless encoding section 36 outputs the 

encoding information and quantized value which have been 

subjected to lossless encoding, as encoded data, to the 

accumulation buffer 37 so as to be accumulated. 

[0071] 

        The accumulation buffer 37 temporarily stores the 

encoded data supplied from the lossless encoding section 

36.  Further, the accumulation buffer 37 outputs encoded 

data stored therein as an encoded bit stream to the 

transmission section 14 together with a parameter set 

supplied from the setting section 12 of FIG. 5. 

[0072] 

        Further, the quantized value outputted from the 

quantization section 35 is inputted also to the 

dequantization section 38.  The dequantization section 38 

dequantizes the quantized value.  The dequantization 

section 38 outputs an orthogonal transform process result 

after dequantization to the inverse orthogonal transform 

section 39. 

[0073] 

        The inverse orthogonal transform section 39 

performs an inverse orthogonal transform process for the 

orthogonal transform process result supplied from the 
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dequantization section 38 in a unit of a CU.  As a method 

for inverse orthogonal transform, IDCT (inverse discrete 

cosine transform) and IDST (inverse discrete sine 

transform) are available, for example.  The inverse 

orthogonal transform section 39 outputs residual 

information obtained as a result of the inverse 

orthogonal transform process to the addition section 40. 

[0074] 

        The addition section 40 adds the residual 

information supplied from the inverse orthogonal 

transform section 39 and the predicted image supplied 

from the predicted image selection section 48 to perform 

decoding.  The addition section 40 outputs the decoded 

image to the deblock filter 41 and the frame memory 44. 

[0075] 

        The deblock filter 41 performs a deblock filter 

process for removing block distortion for the decoded 

image supplied from the addition section 40.  The deblock 

filter 41 outputs the image after the deblock filter 

process to the adaptive offset filter 42. 

[0076] 

        The adaptive offset filter 42 performs an adaptive 

offset filter (SAO (Sample adaptive offset)) process 

principally for removing ringing for the image after the 

deblock filter process by the deblock filter 41. 
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[0077] 

        The adaptive offset filter 42 outputs the image 

after the adaptive offset filter process to the adaptive 

loop filter 43.  Further, the adaptive offset filter 42 

outputs information indicating a type of the adaptive 

offset filter process and an offset as offset filter 

information to the lossless encoding section 36. 

[0078] 

        The adaptive loop filter 43 includes, for example, 

a two-dimensional Wiener filter.  The adaptive loop filter 

43 performs an adaptive loop filter (ALF) process for the 

image after the adaptive offset filter process. 

[0079] 

        The adaptive loop filter 43 outputs the image after 

the adaptive loop filter process to the frame memory 44.  

Further, the adaptive loop filter 43 outputs the filter 

coefficient used in the adaptive loop filter process to 

the lossless encoding section 36. 

[0080] 

        The frame memory 44 accumulates an image supplied 

from the adaptive loop filter 43 and an image supplied 

from the addition section 40.  Images adjacent to a CU 

from among the images that are accumulated in the frame 

memory 44 and have not undergone any filter process are 

outputted as surrounding images to the intra prediction 
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section 46 through the switch 45.  On the other hand, 

images that are accumulated in the frame memory 44 and 

have undergone the filter processes are outputted as 

reference images to the motion prediction and 

compensation section 47 through the switch 45. 

[0081] 

        The intra prediction section 46 performs an intra 

prediction process of all intra prediction modes that are 

considered candidates using the surrounding images read 

out from the frame memory 44 through the switch 45 in a 

unit of a CU. 

[0082] 

        Further, the intra prediction section 46 calculates 

RD costs for all intra prediction modes that are 

considered candidates on the basis of an image read out 

from the screen image sorting buffer 32 and a predicted 

image predicted by the intra prediction process.  The 

calculated RD costs are outputted to the control section 

11.  The control section 11 determines the intra 

prediction mode in which the lowest RD cost becomes a 

minimum, as an optimum intra prediction mode. 

[0083] 

        The intra prediction section 46 outputs the 

predicted image generated in the optimum intra prediction 

mode to the predicted image selection section 48, 
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according to an instruction of the control section 11.  In 

a case where the intra prediction section 46 is notified 

of the selection of a predicted image generated in the 

optimum intra prediction mode from the control section 

11, the intra prediction section 46 outputs the intra 

prediction mode information to the lossless encoding 

section 36.  It is to be noted that the intra prediction 

mode is a mode indicating a size, a prediction direction, 

and so forth of a CU. 

[0084] 

        The motion prediction and compensation section 47 

performs a motion prediction and compensation process in 

all inter prediction modes that are considered candidates 

in a unit of a CU.  In particular, the motion prediction 

and compensation section 47 detects a motion vector in 

all inter prediction modes that are considered candidates 

in a unit of a CU on the basis of an image supplied from 

the screen image sorting buffer 32 and a reference image 

read out from the frame memory 44 through the switch 45.  

Then, the motion prediction and compensation section 47 

performs a compensation process for the reference image 

in a unit of a CU on the basis of the motion vectors to 

generate a predicted image. 

[0085] 

        At this time, the motion prediction and 
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compensation section 47 calculates RD costs for all inter 

prediction modes that are considered candidates on the 

basis of the image supplied from the screen image sorting 

buffer 32 and the predicted image.  The calculated RD 

costs are outputted to the control section 11.  The 

control section 11 determines the inter prediction mode 

in which the RD cost becomes lowest as an optimum inter 

prediction mode. 

[0086] 

        The motion prediction and compensation section 47 

outputs a predicted image of the optimum inter prediction 

mode to the predicted image selection section 48, 

according to an instruction of the control section 11.  

Further, in a case where the motion prediction and 

compensation section 47 is notified of selection of an 

optimum inter prediction mode predicted image from the 

control section 11, the motion prediction and 

compensation section 47 outputs the inter prediction mode 

information, corresponding motion vector, information 

that specifies a reference image, and so forth to the 

lossless encoding section 36.  It is to be noted that the 

inter prediction mode is a mode indicating a size and so 

forth of the CU. 

[0087] 

        Further, the control section 11 determines one of 
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the optimum intra prediction mode and the optimum inter 

prediction mode whose corresponding RD cost is lower as 

an optimum prediction mode.  Then, the predicted image 

selection section 48 outputs the predicted image of the 

optimum prediction mode to the computing section 33 and 

the addition section 40 according to an instruction of 

the control section 11. 

[0088] 

        The rate controlling section 49 controls the rate 

of the quantization operation of the quantization section 

35 on the basis of the encoded data accumulated in the 

accumulation buffer 37 such that an overflow or an 

underflow may not occur. 

[0089] 

        (Operation of Encoding Apparatus) 

        FIG. 8 is a flow chart illustrating a stream 

generation process of the encoding apparatus of FIG. 5. 

[0090] 

        In step S11 of FIG. 8, the setting section 12 of 

the encoding apparatus 10 sets a parameter set.  The 

setting section 12 outputs the set parameter set to the 

encoding section 13. 

[0091] 

        In step S12, the encoding section 13 performs an 

encoding process of encoding an image in a unit of a 
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frame.  Details of this encoding process are described 

with reference to FIGS. 9 and 10 described later.  Encoded 

data is generated by the encoding process.  The encoded 

data is accumulated into the accumulation buffer 37. 

[0092] 

        It is to be noted that a split structure, a 

prediction mode, and so forth for a CU are determined on 

the basis of an RD cost calculated by the encoding 

process in step S12.  The split structure and the 

prediction mode for a CU based on the RD cost are used in 

the encoding process in step S12. 

[0093] 

        In step S13, an encoded stream is generated from 

the parameter set supplied from the setting section 12 

and the accumulated encoded data and is outputted to the 

transmission section 14. 

[0094] 

        In step S14, the transmission section 14 transmits 

the encoded stream supplied from the encoding section 13 

to a decoding apparatus 110 described later, and the 

processing ends. 

[0095] 

        FIGS. 9 and 10 are flow charts illustrating details 

of the encoding process in step S12 of FIG. 8. 

[0096] 
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        In step S31 of FIG. 9, the A/D conversion section 

31 of the encoding section 13 A/D converts an image in a 

unit of a frame inputted as an encoding target.  The A/D 

conversion section 31 outputs an image in the form of a 

digital signal after the conversion to the screen image 

sorting buffer 32 so as to be stored. 

[0097] 

        In step S32, the screen image sorting buffer 32 

sorts images of frames in a displaying order into those 

in an encoding order according to a GOP structure.  The 

screen image sorting buffer 32 outputs the images in a 

unit of a frame after sorted to the computing section 33, 

intra prediction section 46, and motion prediction and 

compensation section 47. 

[0098] 

        In step S33, the control section 11 performs a CU 

split structure determination process.  Details of the CU 

split structure determination process are described with 

reference to FIG. 11 described later.  A CU of a split 

structure determined by the CU split structure 

determination process is used in a later encoding 

process.  The split structure information regarding the 

CUs is outputted to the associated blocks.  Further, a 

split flag determined by the CU split structure 

determination process is outputted to the lossless 
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encoding section 36. 

[0099] 

        In step S34, the intra prediction section 46 

performs an intra prediction process in all intra 

prediction modes that become candidates in a unit of a 

CU.  Further, the intra prediction section 46 calculates 

RD costs for all intra prediction modes that are 

considered candidates on the basis of an image read out 

from the screen image sorting buffer 32 and a predicted 

image predicted by the intra prediction process.  The 

control section 11 determines an intra prediction mode in 

which the RD cost becomes lowest as an optimum intra 

prediction mode.  The intra prediction section 46 outputs 

a predicted image generated by the optimum intra 

prediction mode to the predicted image selection section 

48. 

[0100] 

        Further, the motion prediction and compensation 

section 47 performs a motion prediction and compensation 

process for all inter prediction modes that are 

considered candidates in a unit of a CU.  Further, the 

motion prediction and compensation section 47 calculates 

the RD costs for all inter prediction modes that are 

considered candidates on the basis of an image supplied 

from the screen image sorting buffer 32 and a predicted 
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image.  The control section 11 determines an inter 

prediction mode in which the RD cost becomes lowest as an 

optimum inter prediction mode.  The motion prediction and 

compensation section 47 outputs a predicted image of the 

optimum inter prediction mode to the predicted image 

selection section 48. 

[0101] 

        In step S35, the control section 11 determines, on 

the basis of the RD costs of the optimum intra prediction 

mode and the optimum inter prediction mode, one of the 

modes in which the RD cost becomes lowest as an optimum 

prediction mode.  Then, the predicted image selection 

section 48 outputs the predicted image of the optimum 

prediction mode to the computing section 33 and the 

addition section 40. 

[0102] 

        In step S36, the control section 11 decides whether 

or not the optimum prediction mode is the optimum inter 

prediction mode.  In a case where it is decided in step 

S36 that the optimum prediction mode is the optimum inter 

prediction mode, the control section 11 notifies the 

motion prediction and compensation section 47 of the 

selection of the predicted image generated in the optimum 

inter prediction mode. 

[0103] 
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        Then, in step S37, the motion prediction and 

compensation section 47 outputs the inter prediction mode 

information, motion vector, and information that 

specifies the reference image to the lossless encoding 

section 36.  Thereafter, the processing advances to step 

S39. 

[0104] 

        In contrast, in a case where the optimum prediction 

mode is the optimum intra prediction mode in step S36, 

the control section 11 notifies the intra prediction 

section 46 of the selection of the predicted image 

generated by the optimum intra prediction mode.  Then, in 

step S38, the intra prediction section 46 outputs the 

intra prediction mode information to the lossless 

encoding section 36.  Thereafter, the processing advances 

to step S39. 

[0105] 

        In step S39, the computing section 33 performs 

encoding by subtracting the predicted image supplied from 

the predicted image selection section 48 from the image 

supplied from the screen image sorting buffer 32.  The 

computing section 33 outputs the image after the 

subtraction as residual information to the orthogonal 

transform section 34. 

[0106] 
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        In step S40, the orthogonal transform section 34 

performs an orthogonal transform process for the residual 

information in a unit of a CU.  The orthogonal transform 

section 34 outputs an orthogonal transform process result 

after the orthogonal transform process to the 

quantization section 35. 

[0107] 

        In stet S41, the quantization section 35 quantizes 

the orthogonal transform process result supplied from the 

orthogonal transform section 34.  The quantization section 

35 outputs a quantized value after the quantization to 

the lossless encoding section 36 and the dequantization 

section 38. 

[0108] 

        In step S42 of FIG. 10, the dequantization section 

38 performs dequantization for the quantized value from 

the quantization section 35.  The dequantization section 

38 outputs the orthogonal transform process result after 

the dequantization to the inverse orthogonal transform 

section 39. 

[0109] 

        In step S43, the inverse orthogonal transform 

section 39 performs an inverse orthogonal transform 

process for the orthogonal transform process result in a 

unit of a CU.  The inverse orthogonal transform section 39 
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outputs the residual information after the inverse 

orthogonal transform process to the addition section 40. 

[0110] 

        In step S44, the addition section 40 adds the 

residual information supplied from the inverse orthogonal 

transform section 39 and the predicted image supplied 

from the predicted image selection section 48 to perform 

decoding.  The addition section 40 outputs the decoded 

image to the deblock filter 41 and the frame memory 44. 

[0111] 

        In step S45, the deblock filter 41 performs a 

deblock filter process for the image supplied from the 

addition section 40.  The deblock filter 41 outputs the 

image after the deblock filter process to the adaptive 

offset filter 42. 

[0112] 

        In step S46, the adaptive offset filter 42 performs 

an adaptive offset filter process for the image after the 

deblock filter process.  The adaptive offset filter 42 

outputs the image after the adaptive offset filter 

process to the adaptive loop filter 43.  Further, the 

adaptive offset filter 42 outputs the offset filter 

information to the lossless encoding section 36. 

[0113] 

        In step S47, the adaptive loop filter 43 performs 
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an adaptive loop filter process for the image after the 

adaptive offset filter process.  The adaptive loop filter 

43 outputs the image after the adaptive loop filter 

process to the frame memory 44.  Further, the adaptive 

loop filter 43 outputs the filter coefficient used in the 

adaptive loop filter process to the lossless encoding 

section 36. 

[0114] 

        In step S48, the frame memory 44 accumulates the 

image supplied from the adaptive loop filter 43 and the 

image supplied from the addition section 40.  Images 

adjacent to the CU among images that are accumulated in 

the frame memory 44 and have not undergone a filter 

process are outputted as surrounding images to the intra 

prediction section 46 through the switch 45.  In contrast, 

images accumulated in the frame memory 44 and having 

undergone the filter processes are outputted as reference 

images to the motion prediction and compensation section 

47 through the switch 45. 

[0115] 

        In step S49, the lossless encoding section 36 

performs lossless encoding on the intra prediction mode 

information or the inter prediction mode information, 

motion vector, information that specifies a reference 

image, offset filter information and filter coefficients 
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as encoding information.  The split flag is subjected to 

lossless encoding as encoding information for each CTU. 

[0116] 

        In step S50, the lossless encoding section 36 

performs lossless encoding on the quantized value 

supplied from the quantization section 35.  Then, the 

lossless encoding section 36 generates encoded data from 

the encoding information which has been subjected to 

lossless encoding by the process in step S49 and the 

quantized value which has been subjected to lossless 

encoding, and outputs the encoded data to the 

accumulation buffer 37. 

[0117] 

        In step S51, the accumulation buffer 37 temporarily 

accumulates the encoded data supplied from the lossless 

encoding section 36. 

[0118] 

        In step S52, the rate controlling section 49 

controls the rate of the quantization operation of the 

quantization section 35 on the basis of the encoded data 

accumulated in the accumulation buffer 37 such that 

overflow or underflow may not occur.  Then, the processing 

returns to step S12 of FIG. 8 and then advances to step 

S13. 

[0119] 
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        It is to be noted that, although, for simplicity of 

description, in the encoding process of FIGS. 9 and 10, 

an intra prediction process and a motion prediction and 

compensation process are normally performed, in actual 

use, only either of them may be performed, depending upon 

a picture type or the like, in some cases. 

[0120] 

        FIG. 11 is a flow chart illustrating details of the 

CU split structure determination process in step S33 of 

FIG. 9. 

[0121] 

        In step S121 of FIG. 11, the control section 11 

decides whether or not the CTU is split by the QT. 

[0122] 

        In a case where it is decided in step S121 that the 

CTU is split by the QT, the processing advances to step 

S122. 

[0123] 

        In step S122, the control section 11 decides 

whether or not the size of each of CUs for Y after the QT 

splitting is other than 8 × 8. 

[0124] 

        In a case where it is decided in step S122 that the 

size of each of CUs for Y after the QT splitting is other 

than 8 × 8, the processing advances to step S123. 
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[0125] 

        In step S123, the encoding section 13 calculates 

the RD costs of the CUs by the QT. 

[0126] 

        Conversely, in a case where it is decided in step 

S121 that the CTU is not split by the QT, or in a case 

where it is decided in step S122 that the size of each of 

CUs for Y after the QT splitting is 8 × 8, the processing 

advances to step S124. 

[0127] 

        In step S124, the encoding section 13 performs a 

calculation process of the RD costs of the CUs by Non 

split. 

[0128] 

        In step S125, the encoding section 13 performs a 

calculation process of the RD costs of the CUs by the BT.  

Details of the calculation process of the RD costs of the 

CUs by the BT are described with reference to FIG. 12 

described later.  By performing step S125, the RD costs of 

the CUs by the BT are calculated. 

[0129] 

        In step S126, the encoding section 13 performs a 

calculation process of the RD costs of the CUs by the TT.  

Details of the calculation process of the RD costs of the 

CUs by the TT are described with reference to FIG. 13 
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described later.  By performing step S126, the RD costs of 

the CUs by the TT are calculated. 

[0130] 

        In step S127, the control section 11 controls the 

encoding section 13 to encode the CTU using a split 

structure in which the RD cost is lowest from among the 

RD costs calculated as above. 

[0131] 

        FIG. 12 is a flow chart illustrating details of the 

RD cost calculation process by the BT in step S125 of 

FIG. 11. 

[0132] 

        In step S141 of FIG. 12, the control section 11 

decides whether or not the size of each of CUs for Y 

after Horizontal BT splitting is other than 8 × 8. 

[0133] 

        In a case where it is decided in step S141 that the 

size of each of CUs for Y after Horizontal BT splitting 

is other than 8 × 8, the processing advances to step 

S142. 

[0134] 

        In step S142, the encoding section 13 performs 

splitting by Horizontal to calculate an RD cost. 

[0135] 

        In a case where it is decided in step S141 that the 
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size of each of CUs for Y after Horizontal BT splitting 

is 8 × 8, the processing skips step S142 and advances to 

step S143. 

[0136] 

        In step S143, the control section 11 decides 

whether or not the size of each of CUs for Y after 

Vertical BT splitting is other than 8 × 8. 

[0137] 

        In a case where it is decided in step S143 that the 

size of each of CUs for Y after Vertical BT splitting is 

other than 8 × 8, the processing advances to step S144. 

[0138] 

        In step S144, the encoding section 13 splits by 

Vertical and calculates an RD cost. 

[0139] 

        In a case where it is decided in step S143 that the 

size of each of CUs for Y after Vertical BT splitting is 

8 × 8, the processing skips step S144 and advances to 

step S145. 

[0140] 

        In step S145, the control section 11 adopts a split 

structure in which the RD cost is lowest from among the 

calculated RD costs and uses the adopted split structure 

to the RD cost of the CU by the BT. 

[0141] 
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        FIG. 13 is a flow chart illustrating details of the 

RD cost calculation process by the TT in step S126 of 

FIG. 11. 

[0142] 

        In step S161 of FIG. 13, the control section 11 

decides whether or not the size of each of CUs for Y 

after Horizontal TT splitting is 8 × 8. 

[0143] 

        In a case where it is decided in step S161 that the 

size of each of CUs for Y after Horizontal TT splitting 

is other than 8 × 8, the processing advances to step 

S162. 

[0144] 

        In step S162, the encoding section 13 splits by 

Horizontal to calculate an RD cost. 

[0145] 

        In a case where it is decided in step S161 that the 

size of each of CUs for Y after Horizontal TT splitting 

is 8 × 8, the processing skips step S162 and advances to 

step S163. 

[0146] 

        In step S163, the control section 11 decides 

whether or not the size of each of CUs for Y after 

Vertical TT splitting is other than 8 × 8. 

[0147] 
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        In a case where it is decided in step S163 that the 

size of each of CUs for Y after Vertical TT splitting is 

other than 8 × 8, the processing advances to step S164. 

[0148] 

        In step S164, the encoding section 13 splits by 

Vertical and calculates an RD cost. 

[0149] 

        In a case where it is decided in step S163 that the 

size of each of CUs for Y after Vertical TT splitting is 

other than 8 × 8, the processing skips step S164 and 

advances to step S165. 

[0150] 

        In step S165, the control section 11 adopts a split 

structure in which the RD cost is lowest from among the 

calculated RD costs and uses the adopted split structure 

to the RD cost of the CU by the TT. 

[0151] 

        In the split structure determination process for a 

CU, a case in which the size of each of CUs for Y becomes 

smaller than 8 × 8 is excluded in such a manner as 

described above.  In particular, a split structure of a CU 

in a case where the size of each of CUs for Cb/Cr becomes 

2 × 2 can be removed from choices for the determination 

of a CU split structure.  Consequently, delay in intra 

prediction can be reduced. 
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[0152] 

        It is to be noted that the description given above 

is directed to a case in which a case in which the size 

of each of CUs for Cb/Cr becomes 2 × 2 is excluded from 

choices for determining a CU split structure.  As a 

different method, a method is available which does not 

use a case in which the size of each of CUs for Cb/Cr 

when intra prediction is performed becomes 2 × 2. 

[0153] 

        FIG. 14 is a flow chart illustrating another 

example of the CU split structure determination process 

in step S33 of FIG. 9. 

[0154] 

        It is to be noted that processes in FIG. 14 are 

same processes as those of the ordinary CU split 

structure determination process except the decision 

process of a prediction mode for a CU in step S186. 

[0155] 

        In step S181 of FIG. 14, the control section 11 

decides whether or not the CTU is split by the QT. 

[0156] 

        In a case where it is decided in step S181 that the 

CTU is split by the QT, the processing advances to step 

S182. 

[0157] 
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        In step S182, the encoding section 13 calculates 

the RD cost of each of the CUs by the QT. 

[0158] 

        Conversely, in a case where it is decided in step 

S181 that the CTU is not split by QT, the processing 

advances to step S183. 

[0159] 

        In step S183, the encoding section 13 performs a 

calculation process of the RD cost of each of the CUs by 

the Non split. 

[0160] 

        In step S184, the encoding section 13 performs a 

calculation process of the RD cost of each of the CUs by 

the BT.  Details of the calculation process of the RD cost 

of each of the CUs by the BT are described with reference 

to FIG. 15 described later.  By step S184, RD costs of the 

CUs by the BT are calculated. 

[0161] 

        In step S185, the encoding section 13 performs a 

calculation process of the RD cost of each of the CUs by 

the TT.  Details of the calculation process of the RD cost 

of each of the CUs by the TT are described with reference 

to FIG. 16 described later.  By step S185, RD costs of the  

CUs by the TT are calculated. 

[0162] 
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        In step S186, the control section 11 performs a 

prediction mode decision process for the CU.  Details of 

the prediction mode decision process for the CU are 

described with reference to FIG. 17 described later.  By 

step S186, RD costs of the CUs for Cr/Cb other than the 

intra prediction mode of the CU having a size of 2 × 2 

are obtained. 

[0163] 

        In step S187, the control section 11 controls the 

encoding section 13 to encode the CTU using a split 

structure in which the RD cost is lowest among the 

calculated RD costs. 

[0164] 

        FIG. 15 is a flow chart illustrating details the 

calculation process of the RD cost by the BT in step S184 

of FIG. 14. 

[0165] 

        In step S201 of FIG. 15, the encoding section 13 

splits by Horizontal and calculates an RD cost. 

[0166] 

        In step S202, the encoding section 13 splits by 

Vertical and calculates an RD cost. 

[0167] 

        In step S203, the control section 11 adopts a split 

structure in which the RD cost is lowest from among the 
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calculated RD costs and uses the adopted split structure 

to the RD cost of the CU by the BT. 

[0168] 

        FIG. 16 is a flow chart illustrating details of the 

RD cost calculation process by the TT in step S185 of 

FIG. 14. 

[0169] 

        In step S221 of FIG. 16, the encoding section 13 

splits by Horizontal and calculates an RD cost. 

[0170] 

        In step S322, the encoding section 13 splits by 

Vertical and calculates an RD cost. 

[0171] 

        In step S223, the control section 11 adopts a split 

structure in which the RD cost is lowest from among the 

calculated RD costs and uses the adopted split structure 

to the RD cost of the CU by the TT. 

[0172] 

        FIG. 17 is a flow chart illustrating details of the 

CU prediction mode decision process in step S186 of FIG. 

14. 

[0173] 

        In step S241 of FIG. 17, the control section 11 

decides whether or not the size of each of CUs for Cb/Cr 

is 4 × 4 or more. 
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[0174] 

        In a case where it is decided in step S241 that the 

size of each of CUs for Cb/Cr is 4 × 4 or more, the 

processing advances to step S242. 

[0175] 

        In step S242, the encoding section 13 calculates an 

RD cost using intra prediction.  Thereafter, the 

processing advances to step S243. 

[0176] 

        Conversely, in a case where it is decided in step 

S241 that the size of each of CUs for Cb/Cr is not 4 × 4 

or more, the processing skips step S242 and advances to 

step S243. 

[0177] 

        In step S243, the encoding section 13 calculates an 

RD cost using inter prediction. 

[0178] 

        In step S244, the control section 11 adopts a split 

structure in which the RD cost is lowest from among the 

calculated RD costs and uses the adopted split structure 

to the RD cost of the CU. 

[0179] 

        In the split structure determination process for a 

CU, intra prediction calculates the RD cost only in a 

case where the size of each of CUs for Cb/Cr is 4 × 4 or 



 54  

more.  In other words, also in the case of this process, a 

split structure for a CU in a case where the size of each 

of CUs for Cb/Cr is 2 × 2 can be excluded from choices 

for determining a CU split structure.  This can reduce the 

delay in intra prediction. 

[0180] 

        (Example of Configuration of Embodiment of Decoding 

Apparatus) 

        FIG. 18 is a block diagram depicting an example of 

a configuration of an embodiment of a decoding apparatus 

that decodes an encoded stream transmitted from the 

encoding apparatus of FIG. 5 and to which the present 

disclosure is applied. 

[0181] 

        The decoding apparatus 110 of FIG. 18 includes a 

control section 111, a reception section 112, an 

extraction section 113, and a decoding section 114. 

[0182] 

        The control section 111 of the decoding apparatus 

110 includes, for example, a CPU, a microprocessor, or 

the like.  The control section 111 executes a 

predetermined program by the CPU to perform various kinds 

of computing processes or operation control of the 

associated components and operates as a central 

processing device in the decoding apparatus 110. 



 55  

[0183] 

        The control section 111 extracts information 

included in a parameter set.  The control section 111 

controls the decoding section 114 on the basis of the 

information included in the parameter set.  In particular, 

the control section 111 outputs the information included 

in the parameter set (hereinafter described with 

reference to FIG. 27) to the decoding section 114 and 

causes the decoding section 114 to perform a CU split 

structure determination process. 

[0184] 

        The reception section 112 receives an encoded 

stream transmitted from the encoding apparatus 10 of FIG. 

8 and outputs the encoded stream to the extraction 

section 113. 

[0185] 

        The extraction section 113 extracts a parameter set 

and encoded data from the encoded stream supplied from 

the reception section 112.  The extraction section 113 

outputs the parameter set to the control section 111.  The 

extraction section 113 outputs the encoded data to the 

decoding section 114. 

[0186] 

        The decoding section 114 decodes the encoded data 

supplied from the extraction section 113 by a method 
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conforming to the VVC method, according to an instruction 

of the control section 111.  At this time, the decoding 

section 114 performs a split structure determination 

process for a CU, according to the instruction of the 

control section 111 and decodes the encoded data using 

the CU of the determined split structure.  The decoding 

section 114 outputs the image after decoding. 

[0187] 

        (Example of Configuration of Decoding Section) 

        FIG. 19 is a block diagram depicting an example of 

a configuration of the decoding section of FIG. 18. 

[0188] 

        The decoding section 114 of FIG. 19 includes an 

accumulation buffer 131, a lossless decoding section 132, 

a dequantization section 133, an inverse orthogonal 

transform section 134, an addition section 135, a deblock 

filter 136, an adaptive offset filter 137, an adaptive 

loop filter 138, and a screen image sorting buffer 139.  

The decoding section 114 further includes a D/A 

conversion section 140, a frame memory 141, a switch 142, 

an intra prediction section 143, a motion compensation 

section 144, and a switch 145. 

[0189] 

        The accumulation buffer 131 of the decoding section 

114 receives and accumulates encoded data from the 
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extraction section 113 of FIG. 18.  The accumulation 

buffer 131 outputs the encoded data accumulated therein 

to the lossless decoding section 132. 

[0190] 

        The lossless decoding section 132 performs lossless 

decoding such as variable length decoding or arithmetic 

decoding for the encoded data from the accumulation 

buffer 131 to obtain a quantized value and encoding 

information.  The lossless decoding section 132 outputs 

the quantized value to the dequantization section 133.  

The encoding information is configured from a split flag, 

intra prediction mode information, inter prediction mode 

information, a motion vector, information for specifying 

a reference image, offset filter information, a filter 

coefficient and so forth. 

[0191] 

        The lossless decoding section 132 performs a CU 

split structure determination process using the split 

flag, according to an instruction of the control section 

111.  The CU split structure can be found by reading out 

flags corresponding to branches of a tree from the split 

flag. 

[0192] 

        In the decoding section 114, a CU of a split 

structure determined by the encoding apparatus 10 and 
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found by the lossless decoding section 132 is used. 

[0193] 

        Further, the lossless decoding section 132 outputs 

intra prediction mode information and so forth to the 

intra prediction section 143.  The lossless decoding 

section 132 outputs a motion vector, inter prediction 

mode information, information for specifying a reference 

image, and so forth to the motion compensation section 

144. 

[0194] 

        The lossless decoding section 132 outputs intra 

prediction mode information or inter prediction mode 

information to the switch 145.  The lossless decoding 

section 132 outputs offset filter information to the 

adaptive offset filter 137.  The lossless decoding section 

132 outputs the filter coefficient to the adaptive loop 

filter 138. 

[0195] 

        The dequantization section 133, inverse orthogonal 

transform section 134, addition section 135, deblock 

filter 136, adaptive offset filter 137, adaptive loop 

filter 138, frame memory 141, switch 142, intra 

prediction section 143 and motion compensation section 

144 perform processes similar to those of the 

dequantization section 38, inverse orthogonal transform 
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section 39, addition section 40, deblock filter 41, 

adaptive offset filter 42, adaptive loop filter 43, frame 

memory 44, switch 45, intra prediction section 46, and 

motion prediction and compensation section 47 of FIG. 7, 

respectively.  Accordingly, an image is decoded. 

[0196] 

        In particular, the dequantization section 133 is 

configured similarly to the dequantization section 38 of 

FIG. 7.  The dequantization section 133 dequantizes a 

quantized value from the lossless decoding section 132 in 

a unit of a CU.  The dequantization section 133 outputs an 

orthogonal transform process result after the 

dequantization to the inverse orthogonal transform 

section 134. 

[0197] 

        The inverse orthogonal transform section 134 is 

configured similarly to the inverse orthogonal transform 

section 39 of FIG. 7.  The inverse orthogonal transform 

section 134 performs an inverse orthogonal transform 

process for the orthogonal transform process result 

supplied from the dequantization section 133.  The inverse 

orthogonal transform section 134 outputs residual 

information after the inverse orthogonal transform 

process to the addition section 135. 

[0198] 
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        The addition section 135 adds the residual 

information supplied from the inverse orthogonal 

transform section 134 and a predicted image supplied from 

the switch 145 to perform decoding.  The addition section 

135 outputs the decoded image to the deblock filter 136 

and the frame memory 141. 

[0199] 

        The deblock filter 136 performs a deblock filter 

process for the image supplied from the addition section 

135 and outputs the image after the deblock filter 

process to the adaptive offset filter 137. 

[0200] 

        The adaptive offset filter 137 uses an offset 

represented by offset filter information from the 

lossless decoding section 132 to perform an adaptive 

offset filter process of a type represented by the offset 

filter information for the image after the deblock filter 

process.  The adaptive offset filter 137 outputs the image 

after the adaptive offset filter process to the adaptive 

loop filter 138. 

[0201] 

        The adaptive loop filter 138 performs an adaptive 

loop filter process for the image supplied from the 

adaptive offset filter 137 using the filter coefficient 

supplied from the lossless decoding section 132.  The 
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adaptive loop filter 138 outputs the image after the 

adaptive loop filter process to the frame memory 141 and 

the screen image sorting buffer 139. 

[0202] 

        The screen image sorting buffer 139 stores images 

after the adaptive loop filter process in a unit of a 

frame.  The screen image sorting buffer 139 sorts the 

images in a unit of a frame in an encoding order to those 

in an original displaying order and outputs the sorted 

images to the D/A conversion section 140. 

[0203] 

        The D/A conversion section 140 D/A converts the 

images in a unit of a frame supplied from the screen 

image sorting buffer 139 and outputs resulting images. 

[0204] 

        The frame memory 141 accumulates images after the 

adaptive loop filter process and images supplied from the 

addition section 135.  Images adjacent to the CU from 

among images that are stored in the frame memory 141 and 

have not undergone any filter process are supplied as 

surrounding images to the intra prediction section 143 

through the switch 142.  Meanwhile, images stored in the 

frame memory 141 and having undergone the filter 

processes are outputted as reference images to the motion 

compensation section 144 through the switch 142. 
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[0205] 

        The intra prediction section 143 uses surrounding 

images read out from the frame memory 141 through the 

switch 142 to perform an intra prediction process of an 

optimum intra prediction mode indicated by intra 

prediction mode information supplied from the lossless 

decoding section 132.  The intra prediction section 143 

outputs a predicted image generated as a result of the 

intra prediction process to the switch 145. 

[0206] 

        The motion compensation section 144 reads out a 

reference image specified by information supplied from 

the lossless decoding section 132 and specifying a 

reference image from the frame memory 141 through the 

switch 142.  The motion compensation section 144 performs 

a motion compensation process of an optimum inter 

prediction mode indicated by inter prediction mode 

information supplied from the lossless decoding section 

132, using a motion vector supplied from the lossless 

decoding section 132 and the reference image.  The motion 

compensation section 144 outputs a predicted image 

generated as a result of the motion compensation process 

to the switch 145. 

[0207] 

        The switch 145 outputs, in a case where intra 
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prediction mode information is supplied from the lossless 

decoding section 132, a predicted image supplied from the 

intra prediction section 143 to the addition section 135.  

In contrast, in a case where inter prediction mode 

information is supplied from the lossless decoding 

section 132, the switch 145 outputs a predicted image 

supplied from the motion compensation section 144 to the 

addition section 135. 

[0208] 

        (Description of Processing of Decoding Apparatus) 

        FIG. 20 is a flow chart illustrating an image 

generation process of the decoding apparatus of FIG. 18. 

[0209] 

        In step S301 of FIG. 20, the reception section 112 

of the decoding apparatus 110 receives an encoded stream 

transmitted from the encoding apparatus 10 of FIG. 8 and 

outputs the encoded stream to the extraction section 113. 

[0210] 

        In step S302, the extraction section 113 extracts 

encoded data and a parameter set from the encoded stream 

supplied from the reception section 112.  The extraction 

section 113 outputs the encoded data to the decoding 

section 114.  The extraction section 113 outputs the 

parameter set to the control section 111. 

[0211] 
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        The control section 111 controls the decoding 

section 114 on the basis of information included in the 

parameter set. 

[0212] 

        In step S303, the decoding section 114 decodes 

encoded data supplied from the extraction section 113 

according to an instruction of the control section 111.  

Details of the decoding process are described with 

reference to FIG. 21 described later.  Thereafter, the 

image generation process is ended. 

[0213] 

        FIG. 21 is a flow chart illustrating details of the 

decoding process in step S303 of FIG. 20. 

[0214] 

        In step S331 of FIG. 20, the accumulation buffer 

131 of the decoding section 114 receives and accumulates 

encoded data in a unit of a frame from the extraction 

section 113.  The accumulation buffer 131 outputs the 

encoded data accumulated therein to the lossless decoding 

section 132. 

[0215] 

        In step S332, the lossless decoding section 132 

performs lossless decoding on the encoded data from the 

accumulation buffer 131 to obtain a quantized value and 

encoding information.  The lossless decoding section 132 
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outputs the quantized value to the dequantization section 

133. 

[0216] 

        The lossless decoding section 132 outputs the intra 

prediction mode information and so forth to the intra 

prediction section 143.  The lossless decoding section 132 

outputs a motion vector, inter prediction mode 

information, information for specifying a reference 

image, and so forth to the motion compensation section 

144. 

[0217] 

        Further, the lossless decoding section 132 outputs 

intra prediction mode information or inter prediction 

mode information to the switch 145.  The lossless decoding 

section 132 supplies offset filter information to the 

adaptive offset filter 137 and outputs the filter 

coefficient to the adaptive loop filter 138. 

[0218] 

        In step S333, the lossless decoding section 132 

performs a split structure determination process for a CU 

on the basis of information and a split flag included in 

the parameter set according to an instruction of the 

control section 111.  By step S333, a CU split structure 

is determined.  The components of the decoding section 114 

use the CU of the split structure determined by the 
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lossless decoding section 132 to perform individual 

processes. 

[0219] 

        In step S334, the dequantization section 133 

dequantizes the quantized value supplied from the 

lossless decoding section 132.  The dequantization section 

133 outputs an orthogonal transform process result after 

the dequantization to the inverse orthogonal transform 

section 134. 

[0220] 

        In step S335, the inverse orthogonal transform 

section 134 performs an orthogonal transform process for 

the orthogonal transform process result supplied from the 

dequantization section 133. 

[0221] 

        In step S336, the motion compensation section 144 

decides whether or not inter prediction mode information 

has been supplied from the lossless decoding section 132.  

In a case where it is decided in step S335 that inter 

prediction mode information has been supplied, the 

processing advances to step S336. 

[0222] 

        In step S337, the motion compensation section 144 

reads out a reference image on the basis of reference 

image specification information supplied from the 
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lossless decoding section 132 and performs a motion 

compensation process of an optimum inter prediction mode 

indicated by the inter prediction mode information, using 

the motion vector and the reference image.  The motion 

compensation section 144 outputs a predicted image after 

the motion compensation to the addition section 135 

through the switch 145.  Thereafter, the processing 

advances to step S339. 

[0223] 

        Conversely, in a case where it is decided in step 

S336 that inter prediction mode information has not been 

supplied, namely, in a case where intra prediction mode 

information has been supplied to the intra prediction 

section 143, the processing advances to step S338. 

[0224] 

        In step S338, the intra prediction section 143 uses 

surrounding images read out from the frame memory 141 

through the switch 142 to perform an intra prediction 

process of an intra prediction mode indicated by the 

intra prediction mode information.  The intra prediction 

section 143 outputs a predicted image generated as a 

result of the intra prediction process to the addition 

section 135 through the switch 145.  Thereafter, the 

processing advances to step S339. 

[0225] 
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        In step S339, the addition section 135 adds 

residual information supplied from the inverse orthogonal 

transform section 134 and the predicted image supplied 

from the switch 145 to perform decoding.  The addition 

section 135 outputs a decoded image to the deblock filter 

136 and the frame memory 141. 

[0226] 

        In step S340, the deblock filter 136 performs a 

deblock filter process for the image supplied from the 

addition section 135 to remove block distortion.  The 

deblock filter 136 outputs an image after the deblock 

filter process to the adaptive offset filter 137. 

[0227] 

        In step S341, the adaptive offset filter 137 

performs an adaptive offset filter process for the image 

after the deblock filter process on the basis of the 

offset filter information supplied from the lossless 

decoding section 132.  The adaptive offset filter 137 

outputs the image after the adaptive offset filter 

process to the adaptive loop filter 138. 

[0228] 

        In step S342, the adaptive loop filter 138 performs 

an adaptive loop filter process for each LCU using a 

filter coefficient supplied from the lossless decoding 

section 132 for the image supplied from the adaptive 
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offset filter 137.  The adaptive loop filter 138 supplies 

the image after the adaptive loop filter process to the 

frame memory 141 and the screen image sorting buffer 139. 

[0229] 

        In step S343, the frame memory 141 accumulates the 

image supplied from the addition section 135 and the 

image supplied from the adaptive loop filter 138.  Images 

adjacent to the CU among the images that are accumulated 

in the frame memory 141 and have not undergone a filter 

process are supplied as surrounding images to the intra 

prediction section 143 through the switch 142.  Meanwhile, 

images that are accumulated in the frame memory 141 and 

have undergone the filter processes are supplied as 

reference images to the motion compensation section 144 

through the switch 142. 

[0230] 

        In step S344, the screen image sorting buffer 139 

stores images supplied from the adaptive loop filter 138 

in a unit of a frame, sorts the images in a unit of a 

frame in an encoding order into those in an original 

displaying order and outputs resulting images to the D/A 

conversion section 140. 

[0231] 

        In step S345, the D/A conversion section 140 D/A 

converts the image after the adaptive loop filter process 
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and outputs the resulting image.  Then, the processing 

returns to step S303 of FIG. 20 and is ended. 

[0232] 

        The encoding side excludes, in a CU split structure 

determination process, a case in which the size of each 

of CUs for Y is smaller than 8 × 8 in such a manner as 

described above.  In other words, a split structure of a 

CU in a case where the size of each of CUs for Cb/Cr is 2 

× 2 can be excluded from choices for determining a CU 

split structure.  Accordingly, it is possible to reduce 

delay due to the intra prediction prediction. 

[0233] 

        It is to be noted that the first embodiment 

described above is directed to a case in which a CU for Y 

and a CU for Cb/Cr have a same split structure. 

[0234] 

        According to the technology of the first 

embodiment, the splitting of a CU is not made small, and 

processing is made to be ended to avoid great delay.  

However, since the CUs for Cb/Cr are not made small, CUs 

for Y cannot be made small as well. 

[0235] 

        Actually, if a size of 4 × 4 cannot be used for a 

CU for Y, deterioration of the encoding efficiency is 

concerned. 
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[0236] 

        Therefore, in a second embodiment described next, a 

separate tree is applied. 

[0237] 

<2. Second Embodiment (Separate Tree) 

        (Description of Separate Tree) 

        FIG. 22 is a view depicting an example of a 

separate tree. 

[0238] 

        In FIG. 22, a tree for determining a split 

structure of a CU for Y and a tree for determining a 

split structure of a CU for Cb/Cr are depicted. 

[0239] 

        As depicted in FIG. 22, a technology for causing a 

CU for Y and a CU for Cb/Cr to have split structures 

different from each other is available, and this 

technology is called a separate tree.  In particular, in 

regard to a separate tree, a CU split structure 

determination process for Y and a split structure 

determination process for Cb/Cr are performed. 

[0240] 

        In view of this, in the second embodiment, 

application of the separate tree enables CUs for Y to 

have a size of 4 × 4, thereby reducing deterioration of 

the encoding efficiency. 
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[0241] 

        It is to be noted that the example of the first 

embodiment and the example of the second embodiment are 

different from each other only in that a separate tree is 

used and in the CU split structure determination process.  

Accordingly, since the configuration and the other 

processes of the encoding apparatus 10 and the other 

processes of the decoding apparatus 110 are basically 

same with each other, only the CU split structure 

determination process is described below with use of the 

encoding apparatus 10. 

[0242] 

        (Operation of Encoding Apparatus) 

        FIGS. 23 and 24 are flow charts illustrating 

another example of the CU split structure determination 

process in step S33 of FIG. 9. 

[0243] 

        In step S401 of FIG. 23, the control section 11 

decides whether or not the CTU for Y has been split by 

the QT. 

[0244] 

        In a case where it is decided in step S401 that the 

CTU for Y has been split by the QT, the processing 

advances to step S402. 

[0245] 
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        In step S402, the encoding section 13 calculates RD 

costs of CUs by the QT. 

[0246] 

        Conversely, in a case where it is decided in step 

S401 that the CTU for Y has not been split by the QT, the 

processing advances to step S403. 

[0247] 

        In step S403, the encoding section 13 performs a 

calculation process of the RD cost of each of CUs by the 

Non split. 

[0248] 

        In step S404, the encoding section 13 performs a 

calculation process of the RD cost of each of CUs by the 

BT.  Details of the calculation process of the RD cost of 

each of CUs by the BT are processes basically same as the 

calculation process of the RD cost by the BT of FIG. 15 

described hereinabove.  By performing step S404, RD costs 

of the CUs by the BT are calculated without any 

limitation to the CUs. 

[0249] 

        In step S405, the encoding section 13 performs a 

calculation process of the RD cost of each of the CUs by 

the TT.  Details of the calculation process of the RD cost 

of each of the CUs by the TT are a process basically same 

as the calculation process of the RD cost by the TT of 
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FIG. 16 described hereinabove.  By performing step S405, 

RD costs of the CUs by the TT are calculated without any 

limitation to the CUs. 

[0250] 

        In step S406, the control section 11 controls the 

encoding section 13 to encode the CTU using a split 

structure in which the RD cost is lowest from among the 

calculated RD costs. 

[0251] 

        In step S407 of FIG. 24, the control section 11 

decides whether or not the CTU of Cb/Cr has been split by 

the QT. 

[0252] 

        In a case where it is decided in step S407 that the 

CTU of Cb/Cr has been split by the QT, the processing 

advances to step S408. 

[0253] 

        In step S408, the control section 11 decides 

whether or not the size of each of CUs for Cb/Cr after QT 

splitting is other than 2 × 2. 

[0254] 

        In a case where it is decided in step S408 that the 

size of each of CUs for Cb/Cr after QT splitting is other 

than 2 × 2, the processing advances to step S409. 

[0255] 
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        In step S409, the encoding section 13 calculates 

the RD cost of each of CUs by the QT. 

[0256] 

        Conversely, in a case where it is decided in step 

S407 that the CTU of Cb/Cr has not been split by the QT 

or in a case where it is decided in step S408 that the 

size of each of CUs for Cb/Cr after QT splitting is 2 × 

2, the processing advances to step S410. 

[0257] 

        In step S410, the encoding section 13 performs a 

calculation process of the RD cost of each of CUs by the 

Non split. 

[0258] 

        In step S411, the encoding section 13 performs a 

calculation process of the RD cost of each of CUs by the 

BT.  Details of the calculation process of the RD cost of 

each of CUs by the BT are described with reference to 

FIG. 28 described later.  By performing step S411, RD 

costs of the CUs by the BT are calculated. 

[0259] 

        In step S412, the encoding section 13 performs a 

calculation process of the RD cost of each of CUs by the 

TT.  Details of the calculation process of the RD cost of 

each of CUs by the TT are described with reference to 

FIG. 26 described later.  By performing step S412, RD 
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costs of the CUs by the TT are calculated. 

[0260] 

        In step S413, the control section 11 controls the 

encoding section 13 to encode the CTU using a split 

structure in which the RD cost is lowest from among the 

calculated RD costs. 

[0261] 

        It is to be noted that the steps S401 to S406 

described above correspond to the CU split structure 

determination process for Y.  Steps S407 to S413 

correspond to the CU split structure determination 

process for Cr/Cb. 

[0262] 

        FIG. 25 is a flow chart illustrating details of the 

calculation process of the RD cost by the BT in step S411 

of FIG. 24. 

[0263] 

        In step S431 of FIG. 25, the control section 11 

decides whether or not the size of each of CUs for Cb/Cr 

after Horizontal BT splitting is other than 2 × 2. 

[0264] 

        In a case where it is decided in S431 that the size 

of each of CUs for Cb/Cr after Horizontal BT splitting is 

other than 2 × 2, the processing advances to step S432. 

[0265] 
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        In step S432, the encoding section 13 splits by the 

Horizontal and calculates the RD cost. 

[0266] 

        In case where it is decided in step S431 that the 

size of each of CUs for Cb/Cr after Horizontal BT 

splitting is 2 × 2, then the processing skips step S432 

and advances to step S433. 

[0267] 

        In step S433, the control section 11 decides 

whether or not the size of each of CUs for Cb/Cr after 

vertical BT splitting is other than 2 × 2. 

[0268] 

        If it is decided in step S433 that the size of each 

of CUs for Cb/Cr after Vertical BT splitting is other 

than 2 × 2, the processing advances to step S434. 

[0269] 

        In step S434, the encoding section 13 splits by the 

Vertical and calculates the RD cost. 

[0270] 

        In a case where it is decided in step S433 that the 

size of each of CUs for Cb/Cr after Vertical BT splitting 

is 2 × 2, the processing skips step S434 and advances to 

step S435. 

[0271] 

        In step S435, the control section 11 adopts a split 
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structure in which the RD cost is lowest from among the 

calculated RD costs and uses the split structure to the 

RD cost of the CU by the BT. 

[0272] 

        FIG. 26 is a flow chart illustrating details of the 

calculation process of the RD cost by the TT in step S412 

of FIG. 24. 

[0273] 

        In step S451 of FIG. 26, the control section 11 

decides whether or not the size of each of CUs for Cb/Cr 

after Horizontal TT splitting is other than 2 × 2. 

[0274] 

        In a case where it is decided in step S451 that the 

size of each of CUs for Cb/Cr after Horizontal TT 

splitting is other than 2 × 2, the processing advances to 

step S452. 

[0275] 

        In step S452, the encoding section 13 splits by the 

Horizontal and calculates the RD cost. 

[0276] 

        In a case where it is decided in step S451 that the 

size of each of CUs for Cb/Cr after Horizontal TT 

splitting is 2 × 2, the processing skips S452 and 

advances to step S453. 

[0277] 
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        In step S453, the control section 11 decides 

whether or not the size of each of CUs for Cb/Cr after 

Vertical TT splitting is other than 2 × 2. 

[0278] 

        In a case where it is decided in step S453 that the 

size of each of CUs for Cb/Cr after Vertical TT splitting 

is other than 2 × 2, the processing advances to step 

S454. 

[0279] 

        In step S454, the encoding section 13 splits by the 

Vertical and calculates the RD cost. 

[0280] 

        In a case where it is decided in step S453 that the 

size of each of CUs for Cb/Cr after Vertical TT splitting 

is 2 × 2, the processing skips step S454 and advances to 

step S455. 

[0281] 

        In step S455, the control section 11 adopts a split 

structure in which the RD cost is lowest from among the 

calculated RD costs and uses the split structure to the 

RD cost of the CU by the TT. 

[0282] 

        The case in which the size of each of CUs for Cb/Cr 

is smaller than 2 × 2 is excluded in the CU split 

structure determination process as described above.  
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Accordingly, a split structure of a CU in a case where 

the size of each of CUs for Cb/Cr is 2 × 2 can be 

excluded from choices for determining a split structure 

for a CU.  Accordingly, delay in intra prediction can be 

reduced. 

[0283] 

        Further, since the separate tree is used, as the 

size of each of CUs for Y, 4 × 4 can be used.  

Accordingly, deterioration of the encoding efficiency can 

be reduced. 

[0284] 

        It is to be noted that, although the foregoing 

description is directed to an example in which the 

encoding side avoids the case in which the size of each 

of CUs for Cb/Cr becomes 2 × 2, in an embodiment 

described in the following, the split structure for a CU 

is restricted by high level syntax. 

[0285] 

<3. Third Embodiment (Minimum CU Is Added to Syntax) 

        (Description of Syntax) 

        FIG. 27 is a view depicting an example of semantics 

regarding a separate tree. 

[0286] 

        In FIG. 27, semantics that defines information 

necessary for decoding an SPS relating to a separate tree 
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is excerpted and indicated. 

[0287] 

        The semantics defines information regarding a 

resolution, a 4:2:0 chroma format, and so forth.  

Especially, since the SPS or the like are used through 

overall encoding of a moving image, it is called high 

level syntax. 

[0288] 

        It is to be noted that, in FIG. 27, a numeral is 

added to the left side for the convenience of 

description. 

[0289] 

        In the first to third lines, there is indicated 

"qtbtt_dual_tree_intra_flag equal to 1 specifies that for 

I slices, each CTU is spilit into coding units with 64×64 

luma samples using an implicit quadtree split and that 

these coding units are the root of two separate 

coding_quadtree syntax structure for luma and chroma."  

The description, dual_tree, is an alias of the separate 

tree.  The separate tree is called also dual_tree.  The 

first to third lines describe information that specifies 

whether or not the separate tree is to be used. 

[0290] 

        In the fourth line, there is indicated 

"log2_ctu_size_minus2 plus2 specifies the luma coding 



 82  

tree block size of each CTU."  In the fourth line, 

information that specifies a size of the coding tree 

block of luminance in each CTU is indicated. 

[0291] 

        In the sixth to eighth lines, there is indicated 

"log2_min_qt_size_intra_slices_minus2 plus2 specifies the 

minimum luma size of a leaf block resulting from quadtree 

splitting of a CTU in slices with slice_type equal to 

2(I).  The value of log2_min_qt_size_intra_slices_minus2 

shall be in the range of 0 to Ctblog2SizeY-2, inclusive." 

[0292] 

        In the ninth line, "MinQtLog2SizeIntraY = 

log2_min_qt_size_intra_slices_minus2+2(7-22)" is 

indicated. 

[0293] 

        In the tenth line, "[Ed.(BB):the leaf of a quadtree 

can either be a coding unit or the root a nested multi-

type tree.]" is indicated. 

[0294] 

        In the eleventh to thirteenth lines, there is 

indicated "log2_min_qt_size_inter_slices_minus2 plus 2 

specifies the minimum luma size of a leaf block resulting 

from quadtree slitting of a CTU in slices with slice_type 

equal to 0(B) or 1(P).  The value of log2_min 

qt_size_inter_slices_minus2 shall be in the range of 0 to 
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CtbLog2SizeY - 2, inclusive." 

[0295] 

        In the fourteenth line, "MinQtLog2SizeInter = 

log_min_qt_size_inter_slices_minus2 + 2 (7-23)" is 

indicated. 

[0296] 

        In the fifteenth to seventeenth lines, there is 

indicated "max_mtt_hierarchy_depth_inter_slices specifies 

the maxmum hierarchy depth for coding units resulting 

from multi-type tree splitting of a quadtree leaf in 

slices with slice_type equal to 0(B) or 1(P).  The value 

of max_mtt_hierarchy_depth_inter_slices shall be in the 

range of 0 to CtbLog2SizeY - MinTbLog2SizeY, inclusive."  

The description, mtt, is an alias of BT/TT.  BT/TT is 

called also mtt. 

[0297] 

        In the eighteenth to twentieth lines, there is 

indicated "max_mtt_hierarchy_depth_intra_slices specifies 

the maxmum hierarchy depth for coding units resulting 

from multi-type tree splitting of a quadtree leaf in 

slices with slice_type equal to 2(I).  The value of 

max_mtt_hierarchy_depth_intra_slices shall be in the 

range of 0 to CtbLog2SizeY - MinTbLog2SizeY, inclusive." 

[0298] 

        FIG. 28 is a view depicting a split structure of a 
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CU that can be controlled using the information described 

in FIG. 27. 

[0299] 

        Referring to FIG. 28, a circle with hatch 

represents QT splitting.  A dark circle represents BT/TT 

splitting. 

[0300] 

        The description 

"log2_min_qt_size_intra_slices_minus2" (eleventh line of 

FIG. 27) is information that designates a minimum size of 

QT splitting in the case of an I slice. 

[0301] 

        In FIG. 28, an example in which the minimum size of 

QT splitting is 1 is indicated as 

"log2_min_qt_size_intra_slices_minus2" : 1.  The 

expression "log2_min_qt_size_intra_slices_minus2" : 1 

represents the cube of 2 and is interpreted as 8.  In 

other words, 8 × 8 is the minimum of QT splitting. 

[0302] 

        If a CTU is split by the QT from the top until 8 × 

8 is reached, further QT splitting cannot be performed by 

"log2_min_qt_size_intra_slices_minus2" : 1.  In the case 

of FIG. 8, after second top QT splitting at which 8 × 8 

is reached, only BT/TT splitting can be performed. 

[0303] 
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        Further, "max_mtt_hierarchy_depth_intra_slices" 

(eighteenth line of FIG. 27) is information that 

designates a depth down to which BT/TT splitting after QT 

splitting in the case of an I slice is possible. 

[0304] 

        In FIG. 28, an example in which the depth with 

which BT/TT splitting is possible is 3 is indicated as 

"max_mtt_hierarchy_depth_intra_slices" : 3.  In the case 

of FIG. 28, after second top QT splitting at which 8 × 8 

is reached, BT/TT splitting can be performed up to the 

third stage. 

[0305] 

        In actual use, since splitting is permitted to 4 × 

4, if BT splitting is performed vertically and BT 

splitting is performed horizontally, 4 × 4 is reached, so 

that splitting cannot be performed any more. 

[0306] 

        FIG. 29 is a view depicting an example in which, 

assuming the separate tree, it is made possible to 

perform the control of FIG. 28 separately for Y and 

Cb/Cr. 

[0307] 

        In FIG. 29, 

"log2_min_qt_size_intra_slices_luma_minus2" and 

"log2_min_qt_size_intra_slices_chroma_minus2" are 



 86  

indicated.  The description 

"log2_min_qt_size_intra_slices_luma_minus2" is 

information that designates a minimum size of QT 

splitting of Y.  The description 

"log2_min_qt_size_intra_slices_chroma_minus2" is 

information that designates a minimum size of QT 

splitting of Cb/Cr. 

[0308] 

        Further, in FIG. 29, 

"max_mtt_hierarchy_depth_intra_luma_slices" and 

"max_mtt_hierarchy_depth_intra_chroma_slices" are 

indicated.  The description 

"max_mtt_hierarchy_depth_intra_luma_slices" is 

information that designates a depth with which BT/TT 

splitting of Y is possible.  The description 

"max_mtt_hierarchy_depth_intra_chroma_slices" is 

information that designates a depth with which BT/TT 

splitting of Cb/Cr is possible. 

[0309] 

        It is to be noted that, although the split 

structure of a CU depicted in FIG. 29 is a split 

structure similar to that of FIG. 28, in FIG. 29, only 

one example of Y or Cb/Cr is depicted.  Further, though 

not described in the semantics, in software of VVC, Y and 

Cb/Cr can be designated separately only for an I slice. 
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[0310] 

        FIG. 30 is a view depicting an example in which the 

information described in FIG. 27 is used such that only 

each of CUs for Cb/Cr has a size of 4 × 4 as a minimum. 

[0311] 

        In FIG. 30, an example in which the depth with 

which the minimum size of QT splitting of Y is 0 is 

indicated as 

"log2_min_qt_size_intra_slices_luma_minus2" : 0.  The 

description "log2_min_qt_size_intra_slices_luma_minus2" 

represents the square of 2 and is interpreted as 4.  In 

other words, 4 × 4 is the minimum of QT splitting of Y. 

[0312] 

        Further, FIG. 30 depicts an example in which the 

depth with which BT/TT splitting is possible is 3 is 

indicated as 

"max_mtt_hierarchy_depth_intra_luma_slices" : 3. 

[0313] 

        It is to be noted that, in FIG. 30, an example of a 

split structure of a CU for Y is not depicted but only 

one example of a split structure of a CU for Cb/Cr is 

depicted. 

[0314] 

        In FIG. 30, an example in which the minimum size of 

QT splitting of Cb/Cr is 0 is indicated as 
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"log2_min_qt_size_intra_slices_chroma_minus2" : 0.  The 

expression 

"log2_min_qt_size_intra_slices_chroma_minus2" : 0 

represents the square of 2 and is interpreted as 4.  In 

other words, 4 × 4 is the minimum of QT splitting of 

Cb/Cr. 

[0315] 

        Further, in FIG. 30, an example in which the depth 

with which BT/TT splitting is possible is 0 is depicted 

as "max_mtt_hierarchy_depth_intra_chroma_slices" : 0.  In 

the case of FIG. 30, after second top QT splitting at 

which 4 × 4 is reached, BT/TT splitting cannot be 

performed anymore. 

[0316] 

        By determining a CU split structure in such a 

manner as described above, the minimum size of each of 

CUs for Cb/Cr can be made 4 × 4. 

[0317] 

        However, since the method of the description of 

FIG. 30 disables use of BT/TT splitting, the encoding 

efficiency decreases.  Therefore, new information is set 

as depicted in FIG. 31. 

[0318] 

        FIG. 31 is a view depicting an example of a split 

structure of a CU for Cb/Cr set by the new information. 
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[0319] 

        In FIG. 31, there are indicated 

"log2_min_qt_size_intra_slices_luma_minus2" and 

"log2_min_qt_size_intra_slices_chroma_minus2" described 

hereinabove with reference to FIG. 29.  There are 

indicated "max_mtt_hierarchy_depth_intra_luma_slices" and 

"max_mtt_hierarchy_depth_intra_chroma_slices." 

[0320] 

        Further, in FIG. 31, 

"min_cu_size_idc_intra_slice_luma," 

"min_cu_size_idc_intra_slice_chroma," 

"min_cu_size_idc_inter_slice_luma," and 

"min_cu_size_idc_inter_slice_choma" are newly indicated. 

[0321] 

        The description "min_cu_size_idc_intra_slice_luma" 

is information that designates a minimum size of a CU for 

Y in an I slice (intra prediction). 

[0322] 

        The description 

"min_cu_size_idc_intra_slice_chroma" is information that 

designates a minimum size of a CU for Cb/Cr in an I 

slice. 

[0323] 

        The description "min_cu_size_idc_inter_slice_luma" 

is information that designates a minimum size of a CU for 
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Y in a P/B slice (inter prediction). 

[0324] 

        The description "min_cu_size_idc_inter_slice_choma" 

is information that designates a minimum size of a CU of 

a Cb/Cr in a P/B slice. 

[0325] 

        Further, for a CU of Cb/C, 0 to 2 are defined as 

described below.  In particular, in a case where the 

information that designates a minimum size of a CU of a 

Cb/Cr is 0, sizes down to 2 × 2 can be used.  In a case 

where the information that designates a minimum size of a 

CU of a Cb/Cr is 1, sizes down to 2 × 4 and 4 × 2 can be 

used.  In a case where the information that designates a 

minimum size of a CU of a Cb/Cr is 2, sizes down to 4 × 4 

can be used. 

[0326] 

        Regarding a CU for Y, 0 to 2 are defined as given 

below.  In particular, in a case where the information 

that designates a minimum size of a CU for Y is 0, sizes 

down to 4 × 4 can be used.  In a case where the 

information that designates a minimum size of a CU for Y 

is 1, sizes down to 4 × 8 and 8 × 4 can be used.  In a 

case where the information that designates a minimum size 

of a CU for Y is 2, sizes down to 8 × 8 can be used. 

[0327] 



 91  

        The new information described above is sent 

together with the SPS in such a manner as to be included 

in the SPS by the encoding side. 

[0328] 

        (Example of Configuration of Embodiment of Encoding 

Apparatus) 

        FIG. 32 is a block diagram depicting an example of 

a configuration of an embodiment of an encoding apparatus 

to which the present disclosure is applied. 

[0329] 

        The encoding apparatus 210 of FIG. 32 includes a 

control section 211, a setting section 212, an encoding 

section 13, and a transmission section 14 and encodes an 

image by a method conforming to the VVC method. 

[0330] 

        Among the components depicted in FIG. 32, 

components same as those described hereinabove with 

reference to FIG. 5 are denoted by like reference 

numerals.  Overlapping description is suitably omitted. 

[0331] 

        In particular, the control section 211 of the 

encoding apparatus 210 is configured similarly to the 

control section 11 of FIG. 5 and operates as a central 

processing device in the encoding apparatus 210. 

[0332] 
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        For example, the control section 211 controls the 

setting section 212 to set 

"min_cu_size_idc_intra_slice_chroma" and 

"min_cu_size_idc_inter_slice_choma" of the SPS. 

[0333] 

        Further, the control section 211 controls the 

encoding section 13 to calculate the RD cost and 

determine a split structure for a CU on the basis of RD 

costs supplied from the encoding section 13. 

[0334] 

        At this time, in a case where 

"min_cu_size_idc_intra (or inter)_slice_luma" is 2, the 

control section 211 controls the encoding section 13 to 

calculate the RD cost except when the size of each of CUs 

for Cr/Cb after splitting is 2 × 2, 2 × 4, or 4 × 2.  In 

this case, when the size of each of CUs for Cr/Cb is 2 × 

2, 2 × 4, or 4 × 2, the RD cost is not calculated, and 

when the size of each of CUs for Cr/Cb is 2 × 2, 2 × 4, 

or 4 × 2, the flag is not sent. 

[0335] 

        Meanwhile, in a case where "min_cu_size_idc_intra 

(or inter)_slice_luma" is 1, the control section 211 

controls the encoding section 13 to calculate the RD cost 

except when the size of each of CUs for Cr/Cb is 2 × 2.  

In this case, the RD cost when the size of each of CUs 
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for Cr/Cb is 2 × 2 is not calculated, and the flag when 

the size of each of CUs for Cr/Cb is 2 × 2 is not sent. 

[0336] 

        Further, the control section 211 determines a 

prediction mode on the basis of RD costs similarly to the 

control section 11.  The control section 211 controls the 

setting section 212 to set a parameter set on the basis 

of the determined split structure for a CU and prediction 

mode and controls the encoding section 13 to perform an 

encoding process. 

[0337] 

        The setting section 212 sets the SPS, PPS, VUI, 

SEI, and so forth according to an instruction of the 

control section 211.  At this time, the setting section 

212 sets "min_cu_size_idc_intra_slice_chroma" and 

"min_cu_size_idc_inter_slice_choma" of the SPS.  The 

setting section 212 outputs the parameter set of the set 

SPS, PPS, VUI, SEI, and so forth to the encoding section 

13. 

[0338] 

        To the encoding section 13, images in a unit of a 

frame are inputted.  The encoding section 13 encodes the 

inputted images by a method conforming to the VVC method 

according to an instruction of the control section 211.  

The encoding section 13 generates an encoded stream from 
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encoded data obtained as a result of encoding and the 

parameter set and outputs the encoded stream to the 

transmission section 14. 

[0339] 

        The transmission section 14 transmits the encoded 

stream supplied from the encoding section 13 to a 

decoding apparatus 410 described later. 

[0340] 

        (Operation of Encoding Apparatus) 

        FIG. 33 is a flow chart illustrating a stream 

generation process of the encoding apparatus of FIG. 32. 

[0341] 

        In step S511 of FIG. 33, the setting section 212 of 

the encoding apparatus 210 sets a parameter set.  At this 

time, the setting section 212 sets  

"min_cu_size_idc_intra_slice_chroma" and 

"min_cu_size_idc_inter_slice_choma" of the SPS.  The 

setting section 212 outputs the set parameter set to the 

encoding section 13. 

[0342] 

        In step S512, the encoding section 13 performs an 

encoding process for encoding images in a unit of a 

frame.  This encoding process is a process basically same 

as that of FIGS. 9 and 10 described hereinabove except 

the CU split structure determination process (S33), and 
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therefore, description of the encoding process is 

omitted.  Encoded data is generated by the encoding 

process.  The encoded data is accumulated into the 

accumulation buffer 37. 

[0343] 

        It is to be noted that a split structure for a CU, 

a prediction mode, and so forth are determined on the 

basis of RD costs calculated by the encoding process in 

step S512.  The split structure for a CU and the 

prediction mode based on the RD costs are used in the 

encoding process in step S512. 

[0344] 

        In step S513, an encoded stream is generated from 

the parameter set supplied from the setting section 212 

and the accumulated encode data and is outputted to the 

transmission section 14. 

[0345] 

        In step S514, the transmission section 14 transmits 

the encoded stream supplied from the encoding section 13 

to the decoding apparatus 410 described later, and then 

the processing is ended. 

[0346] 

        FIGS. 34 to 36 are flow charts illustrating another 

example of the CU split structure determination process 

in step S33 of FIG. 9. 
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[0347] 

        It is to be noted that FIG. 34 depicts a process in 

the case of an I slice. 

[0348] 

        In step S601 of FIG. 34, the control section 211 

decides whether or not the CTU for Y has been split by 

the QT. 

[0349] 

        In a case where it is decided in step S601 that the 

CTU has been split by the QT, the processing advances to 

step S602. 

[0350] 

        In step S602, the encoding section 13 calculates 

the RD cost of each of the CUs by the QT. 

[0351] 

        Conversely, in a case where it is decided in step 

S601 that the CTU has not been split by the QT, the 

processing advances to step S603. 

[0352] 

        In step S603, the encoding section 13 performs a 

calculation process of the RD cost of each of the CUs by 

the Non split. 

[0353] 

        In step S604, the encoding section 13 performs a 

calculation process of the RD cost of each of the CUs by 
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the BT.  Since the calculation process of the RD cost of 

each of the CUs by the BT is a process basically same to 

the process of FIG. 15 described hereinabove, description 

of the same is omitted.  By step S604, the RD cost of each 

of the CUs by the BT is calculated. 

[0354] 

        In step S605, the encoding section 13 performs a 

calculation process of the RD cost of each of the CUs by 

the TT.  The calculation process of the RD cost of each of 

the CUs by the TT is a process basically same as the 

process of FIG. 16 described hereinabove, and therefore, 

description of the same is omitted.  By step S605, the RD 

cost of each of the CUs by the TT is calculated. 

[0355] 

        In step S606, the control section 211 controls the 

encoding section 13 to encode the CTU using a split 

structure in which the RD cost is lowest from among the 

calculated RD costs. 

[0356] 

        In step S607 of FIG. 35, the control section 211 

decides whether or not the CTU of Cb/Cr has been split by 

the QT. 

[0357] 

        In a case where it is decided in step S607 that the 

CTU has been split by the QT, the processing advances to 
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step S608. 

[0358] 

        In step S608, the control section 211 decides 

whether or not, if "min_cu_size_idc_intra_slice_chorma" 

== 2, the size of each of CUs for Cb/Cr after splitting 

is other than 2 × 2, 2 × 4, or 4 × 2. 

[0359] 

        In a case where it is decided in step S608 that the 

size of each of CUs for Cb/Cr after splitting is other 

than 2 × 2, 2 × 4, or 4 × 2, the processing advances to 

step S609. 

[0360] 

        In step S609, the control section 211 decides 

whether or not, if "min_cu_size_idc_intra_slice_chroma" 

== 1, the size of each of CUs for Cb/Cr after splitting 

is other than 2 × 2. 

[0361] 

        In a case where it is decided in step S609 that the 

size of each of CUs for Cb/Cr after splitting is other 

than 2 × 2, the processing advances to step S610. 

[0362] 

        In step S610, the encoding section 13 calculates 

the RD cost of each of the CUs by the QT. 

[0363] 

        Conversely, in a case where it is decided in step 
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S607 that the CTU of Cb/Cr has not been split by the QT, 

or in a case where it is decided in step S608 that the 

size of each of CUs for Cb/Cr after QT splitting is 2 × 

2, 2 × 4, or 4 × 2, the processing advances to step S611.  

Also in a case where it is decided in step S609 that the 

size of each of CUs for Cb/Cr after QT splitting is 2 × 

2, the processing advances to step S611.  In those cases, 

the RD cost is not calculated, and the split flag is not 

sent either. 

[0364] 

        In step S611, the encoding section 13 performs a 

calculation process of the RD cost of each of CUs by the 

Non split. 

[0365] 

        In step S612, the control section 211 decides 

whether or not, if "min_cu_size_idc_intra_slice_chorma" 

== 2, the size of each of CUs for Cb/Cr after splitting 

is other than 2 × 2, 2 × 4, or 4 × 2. 

[0366] 

        In a case where it is decided in step S612 that the 

size of each of CUs for Cb/Cr after splitting is other 

than 2 × 2, 2 × 4, or 4 × 2, the processing advances to 

step S613. 

[0367] 

        In step S613, the control section 211 decides 
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whether or not, if "min_cu_size_idc_intra_slice_chroma" 

== 1, the size of each of CUs for Cb/Cr is other than 2 × 

2. 

[0368] 

        In a case where it is decided in step S613 that the 

size of each of CUs for Cb/Cr after splitting is other 

than 2 × 2, the processing advances to step S614. 

[0369] 

        In step S614, the encoding section 13 performs a 

calculation process of the RD cost of each of CUs by the 

BT.  The calculation process of the RD cost of each of CUs 

by the BT is a process basically same as the calculation 

process of the RD cost by the BT of FIG. 15 described 

hereinabove.  By step S614, the RD cost of each of the CUs 

by the BT is calculated. 

[0370] 

        Conversely, in a case where it is decided in step 

S613 that the size of each of CUs for Cb/Cr after QT 

splitting is 2 × 2, 2 × 4, or 4 × 2, the processing 

advances to step S615 of FIG. 36.  Also in a case where it 

is decided in step S614 that the size of each of CUs for 

Cb/Cr after QT splitting is 2 × 2, the processing 

advances to step S615 of FIG. 36.  In those cases, the RD 

cost is not calculated, and the split flag is not set 

either. 



 101  

[0371] 

        In step S615 of FIG. 36, the control section 211 

decides whether or not, if 

"min_cu_size_idc_intra_slice_chorma == 2, the size of 

each of CUs for Cb/Cr after splitting is other than 2 × 

2, 2 × 4 or 4 × 2. 

[0372] 

        In a case where it is decided in step S615 that the 

size of each of CUs for Cb/Cr after splitting is other 

than 2 × 2, 2 × 4, or 4 × 2, the processing advances to 

step S616. 

[0373] 

        In step S616, the control section 211 decides 

whether or not, if "min_cu_size_idc_intra_slice_chroma" 

== 1, the size of each of CUs for Cb/Cr after splitting 

is other than 2 × 2. 

[0374] 

        In a case where it is decided in step S616 that the 

size of each of CUs for Cb/Cr after splitting is other 

than 2 × 2, the processing advances to step S617. 

[0375] 

        In step S617, the encoding section 13 performs a 

calculation process of the RD cost of each of CUs by the 

TT.  The calculation process of the RD cost of each of CUs 

by the TT is a process basically same as the calculation 
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process of the RD cost by the TT of FIG. 16 described 

hereinabove.  By step S617, the RD cost of each of the CUs 

by the TT is calculated. 

[0376] 

        Conversely, in a case where it is decided in step 

S615 that the size of each of CUs for Cb/Cr after QT 

splitting is 2 × 2, 2 × 4, or 4 × 2, the processing 

advances to step S618.  Also in a case where it is decided 

in step S616 that the size of each of CUs for Cb/Cr after 

QT splitting is 2 × 2, the processing advances to step 

S618.  In those cases, the RD cost is not calculated, and 

the split flag is not set either. 

[0377] 

        In step S618, the control section 11 controls the 

encoding section 13 to encode the CTU using a split 

structure in which the RD cost is lowest from among the 

calculated RD costs. 

[0378] 

        It is to be noted that, in FIGS. 34 to 36 described 

hereinabove, steps S601 to S606 are directed to the CU 

split structure determination process for Y.  Steps S607 

to S618 are directed to the CU split structure 

determination process for Cr/Cb. 

[0379] 

        FIGS. 37 to 39 are flow charts illustrating another 
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example of the CU split structure determination process 

in step S33 of FIG. 9. 

[0380] 

        It is to be noted that, in FIG. 37, a process 

regarding a case of a P/B slice is depicted. 

[0381] 

        In step S651 of FIG. 37, the control section 211 

decides whether or not the CTU for Y has been split by 

the QT. 

[0382] 

        In a case where it is decided in step S651 that the 

CTU for Y has been split by the QT, the processing 

advances to step S652. 

[0383] 

        In step S652, the encoding section 13 calculates 

the RD cost of each of CUs by the QT. 

[0384] 

        Conversely, in a case where it is decided in step 

S651 that the CTU for Y has not been split by the QT, the 

processing advances to step S653. 

[0385] 

        In step S653, the encoding section 13 performs a 

calculation process of the RD cost of each of CUs by the 

Non split. 

[0386] 
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        In step S654, the encoding section 13 performs a 

calculation process of the RD cost of each of CUs by the 

BT.  Since the calculation process of the RD cost of each 

of CUs by the BT is a process basically same as the 

process in FIG. 15 described hereinabove, description of 

the same is omitted.  By step S654, the RD cost of each of 

the CUs by the BT is calculated. 

[0387] 

        In step S655, the encoding section 13 performs a 

calculation process of the RD cost of each of CUs by the 

TT.  Since the calculation process of the RD cost of each 

of CUs by the TT is a process basically same as the 

process in FIG. 16 described hereinabove, description of 

the same is omitted.  By step S655, the RD cost of each of 

the CUs by the TT is calculated. 

[0388] 

        In step S656, the control section 211 controls the 

encoding section 13 to encode the CTU using a split 

structure in which the RD cost is lowest from among the 

calculated RD costs. 

[0389] 

        In step S657 of FIG. 38, the control section 211 

decides whether or not the CTU of Cb/Cr has been split by 

the QT. 

[0390] 
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        In a case where it is decided in step S657 that the 

CTU has been split by the QT, the processing advances to 

step S658. 

[0391] 

        In step S658, the control section 211 decides 

whether or not, if min_cu_size_idc_inter_slice_chorma == 

2, the size of each of CUs for Cb/Cr after splitting is 

other than 2 × 2, 2 × 4, or 4 × 2. 

[0392] 

        In a case where it is decided in step S658 that the 

size of each of CUs for Cb/Cr after splitting is other 

than 2 × 2, 2 × 4, or 4 × 2, the processing advances to 

step S659. 

[0393] 

        In step S659, the control section 211 decides 

whether or not, if min_cu_size_idc_inter_slice_chroma == 

1, the size of each of CUs for Cb/Cr after splitting is 

other than 2 × 2. 

[0394] 

        In a case where it is decided in step S659 that the 

size of each of CUs for Cb/Cr is other than 2 × 2, the 

processing advances to step S660. 

[0395] 

        In step S660, the encoding section 13 calculates 

the RD cost of each of CUs by the QT. 
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[0396] 

        Meanwhile, in a case where it is decided in step 

S657 that the CTU of Cb/Cr has not been split by the QT, 

or in a case where it is decided in step S658 that the 

size of each of CUs for Cb/Cr after QT splitting is 2 × 

2, 2 × 4, or 4 × 2, the processing advances to step S661.  

Also in a case where it is decided in step S659 that the 

size of each of CUs for Cb/Cr after QT splitting is 2 × 

2, the processing advances to step S661.  In those cases, 

the RD cost is not calculated, and the split flag is not 

sent either. 

[0397] 

        In step S661, the encoding section 13 performs a 

calculation process of the RD cost of each of CUs by the 

Non split. 

[0398] 

        In step S662, the control section 211 decides 

whether or not, if min_cu_size_idc_inter_slice_chorma == 

2, the size of each of CUs for Cb/Cr after splitting is 

other than 2 × 2, 2 × 4, or 4 × 2. 

[0399] 

        In a case where it is decided in step S662 that the 

size of each of CUs for Cb/Cr after splitting is other 

than 2 × 2, 2 × 4, or 4 × 2, the processing advances to 

step S663. 
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[0400] 

        In step S663, the control section 211 decides 

whether or not, if min_cu_size_idc_inter_slice_chroma == 

1, the size of each of CUs for Cb/Cr after splitting is 

other than 2 × 2. 

[0401] 

        In a case where it is decided in step S663 that the 

size of each of CUs for Cb/Cr after splitting is other 

than 2 × 2, the processing advances to step S664. 

[0402] 

        In step S664, the encoding section 13 performs a 

calculation process of the RD cost of each of CUs by the 

BT.  The calculation process of the RD cost of each of CUs 

by the BT is a process basically same as the calculation 

process of the RD cost by the BT in FIG. 15 described 

hereinabove.  By step S664, the RD cost of each of CUs by 

the BT is calculated. 

[0403] 

        Further, in a case where it is decided in step S663 

that the size of each of CUs for Cb/Cr after QT splitting 

is 2 × 2, 2 × 4, or 4 × 2, the processing advances to 

step S665 of FIG. 39.  Also in a case where it is decided 

in step S664 that the size of each of CUs for Cb/Cr after 

QT splitting is 2 × 2, the processing advances to step 

S665 of FIG. 39.  In those cases, the RD cost is not 
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calculated, and the split flag is not sent either. 

[0404] 

        In step S665 of FIG. 39, the control section 211 

decides whether or not, if 

min_cu_size_idc_inter_slice_chorma == 2, the size of each 

of CUs for Cb/Cr after splitting is other than 2 × 2, 2 × 

4, or 4 × 2. 

[0405] 

        In a case where it is decided in step S665 that the 

size of each of CUs for Cb/Cr after splitting is other 

than 2 × 2, 2 × 4, or 4 × 2, the processing advances to 

step S666. 

[0406] 

        In step S666, the control section 211 decides 

whether or not, if min_cu_size_idc_inter_slice_chroma == 

1, the size of each of CUs for Cb/Cr after splitting is 

other than 2 × 2. 

[0407] 

        In a case where it is decided in step S666 that the 

size of each of CUs for Cb/Cr after splitting is other 

than 2 × 2, the processing advances to step S667. 

[0408] 

        In step S667, the encoding section 13 performs a 

calculation process of the RD cost of each of CUs by the 

TT.  The calculation process of the RD cost of each of CUs 
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by the TT is a process basically same as the calculation 

process of the RD cost by the TT of FIG. 16 described 

hereinabove.  By step S667, the RD cost of each of the CUs 

by the TT is calculated. 

[0409] 

        Conversely, in a case where it is decided in step 

S665 that the size of each of CUs for Cb/Cr after QT 

splitting is 2 × 2, 2 × 4, or 4 × 2, the processing 

advances to step S668.  Also in a case where it is decided 

in step S666 that the size of each of CUs for Cb/Cr after 

QT splitting is 2 × 2, the processing advances to step 

S668.  In those cases, the RD cost is not calculated, and 

the split flag is not sent either. 

[0410] 

        In step S668, the control section 211 controls the 

encoding section 13 to encode the CTU using a split 

structure in which the RD cost is lowest from among the 

calculated RD costs. 

[0411] 

        It is to be noted that, in FIGS. 37 to 39 described 

above, steps S651 to S656 are directed to the CU split 

structure determination process for Y.  Steps S657 to S668 

are directed to the CU split structure determination 

process for Cr/Cb. 

[0412] 
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        As described above, a CU of a minimum size is 

included in and sent together with the SPS.  Since a CU of 

the minimum size is not used on the decoding side, the 

delay in intra prediction can be reduced. 

[0413] 

        At this time, since it is unnecessary in the CU 

split structure determination process to calculate the RD 

cost of a CU of an unnecessary size, the processing time 

can be reduced.  In addition, since there is no necessity 

to send a split flag (CU split structure information) of 

a CU of an unnecessary size, the encoding efficiency can 

be improved. 

[0414] 

        (Example of Configuration of Embodiment of Decoding 

Apparatus) 

        FIG. 40 is a block diagram depicting an example of 

a configuration of an embodiment of a decoding apparatus 

that decodes an encoded stream transmitted from the 

encoding apparatus 210 of FIG. 32 and to which the 

present disclosure is applied. 

[0415] 

        The decoding apparatus 410 of FIG. 40 includes a 

control section 411, a reception section 112, an 

extraction section 113, and a decoding section 114. 

[0416] 
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        Of the components depicted in FIG. 40, those that 

are same as the components described hereinabove with 

reference to FIG. 18 are denoted by like reference 

numerals.  Overlapping description is omitted suitably. 

[0417] 

        The control section 411 of the decoding apparatus 

410 is configured similarly to the control section 111 of 

FIG. 18 and operates as a central processing device of 

the decoding apparatus 410. 

[0418] 

        The control section 411 extracts information 

included in a parameter set.  The control section 411 

controls the decoding section 114 on the basis of the 

information included in the parameter set.  In particular, 

the control section 411 outputs the information included 

in the parameter set of FIG. 28 and information that is 

set newly in the SPS and designates a minimum size of a 

CU to the decoding section 114 so as to perform a CU 

split structure determination process. 

[0419] 

        The reception section 112 receives an encoded 

stream transmitted from the encoding apparatus 210 of 

FIG. 32 and outputs the encoded stream to the extraction 

section 113. 

[0420] 
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        The extraction section 113 extracts a parameter set 

and encoded data from the encoded stream supplied from 

the reception section 112.  The extraction section 113 

outputs the parameter set to the control section 411.  The 

extraction section 113 outputs the encoded data to the 

decoding section 114. 

[0421] 

        The decoding section 114 decodes the encoded data 

supplied from the extraction section 113 by a method 

conforming to the VVC method according to an instruction 

of the control section 411.  At this time, the decoding 

section 114 performs a CU split structure determination 

process according to an instruction of the control 

section 411, and a CU of the determined split structure 

is used by the decoding section 114.  The decoding section 

114 outputs an image after decoding. 

[0422] 

        (Operation of Decoding Apparatus) 

        FIG. 41 is a flow chart illustrating an image 

generation process of the decoding apparatus of FIG. 40. 

[0423] 

        In step S701 of FIG. 41, the reception section 112 

of the decoding apparatus 410 receives an encoded stream 

transmitted from the encoding apparatus 210 of FIG. 32 

and outputs the encoded stream to the extraction section 
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113. 

[0424] 

        In step S702, the extraction section 113 extracts 

encoded data and a parameter set from the encoded stream 

supplied from the reception section 112.  The extraction 

section 113 outputs the encoded data to the decoding 

section 114.  The extraction section 113 outputs the 

parameter set to the control section 411. 

[0425] 

        In step S703, the control section 411 extracts 

"min_cu_size_idc_intra_slice_chroma" and 

"min_cu_size_idc_inter_slice_choma" that are information 

that designates a minimum size of the CU from the SPS. 

[0426] 

        The control section 411 controls the decoding 

section 114 on the basis of information included in the 

parameter set and the information that designates a 

minimum size of the CU. 

[0427] 

        In step S704, the decoding section 114 decodes 

encoded data supplied from the extraction section 113 

according to an instruction of the control section 411.  

This decoding process is a process basically same as that 

of FIG. 21 described hereinabove except the CU split 

structure determination process (S333), and therefore, 
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description of the same is omitted. 

[0428] 

        FIG. 42 is a flow chart illustrating an example of 

the CU split structure determination process in step S333 

of FIG. 21. 

[0429] 

        It is to be noted that, in the description of FIG. 

42, a tree depicted in FIG. 43 is referred to suitably. 

[0430] 

        FIG. 43 is a view depicting an example of a tree 

that is used in the CU split structure determination 

process. 

[0431] 

        On the tree of FIG. 43, a branch F1 to a branch F3 

are depicted.  Flags corresponding to the branch F1 to the 

branch F3 are included as split flags in and sent 

together with a bit stream from the encoding side. 

[0432] 

        In step S711 of FIG. 42, the lossless decoding 

section 132 of the decoding section 114 decides whether 

or not the CTU has been split by the QT. 

[0433] 

        In a case where it is decided in step S711 that the 

CTU has been split by the QT, the processing advances to 

step S712. 
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[0434] 

        In step S712, the lossless decoding section 132 

decides whether or not, if 

min_cu_size_idc_inter_slice_chorma == 2, the size of each 

of CUs for Cb/Cr after splitting is other than 2 × 2, 2 × 

4, or 4 × 2. 

[0435] 

        In a case where it is decided in step S712 that the 

size of each of CUs for Cb/Cr after splitting is other 

than 2 × 2, 2 × 4, or 4 × 2, the processing advances to 

step S713. 

[0436] 

        In step S713, the lossless decoding section 132 

decides whether or not, if 

min_cu_size_idc_inter_slice_chroma == 1, the size of each 

of CUs for Cb/Cr after splitting is other than 2 × 2. 

[0437] 

        In a case where it is decided in step S713 that the 

size of each of CUs for Cb/Cr after splitting is other 

than 2 × 2, the processing advances to step S714. 

[0438] 

        In step S714, the lossless decoding section 132 

reads out the flag of the branch F1 depicted in FIG. 43 

among the split flags. 

[0439] 
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        In a case where it is decided in step S713 that the 

size of each of CUs for Cb/Cr after QT splitting is 2 × 

2, 2 × 4 or 4 × 2, the processing advances to step S715.  

In a case where it is decided in step S714 that the size 

of each of CUs for Cb/Cr after QT splitting is 2 × 2, the 

processing advances to step S715. 

[0440] 

        In step S715, the lossless decoding section 132 

does not read out the flag of the branch F1 and 

interprets the flag as 0.  Thereafter, the processing 

advances to step S716. 

[0441] 

        Conversely, in a case where it is decided in step 

S711 that the CTU has not been split by the QT, the 

processing advances to step S716. 

[0442] 

        In step S716, the lossless decoding section 132 

decides whether or not the flag of the branch F1 is 0. 

[0443] 

        In a case where it is decided in step S716 that the 

flag of the branch F1 is 0, the processing advances to 

step S717. 

[0444] 

        In step S717, the lossless decoding section 132 

decides whether or not, if 
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min_cu_size_idc_inter_slice_chorma == 2, the size of each 

of CUs for Cb/Cr after splitting is other than 2 × 2, 2 × 

4, or 4 × 2. 

[0445] 

        In a case where it is decided in step S717 that the 

size of each of CUs for Cb/Cr after splitting is other 

than 2 × 2, 2 × 4, or 4 × 2, the processing advances to 

step S718. 

[0446] 

        In step S718, the lossless decoding section 132 

decides whether or not, if 

min_cu_size_idc_intra_slice_chroma == 1, the size of each 

of CUs for Cb/Cr after splitting is other than 2 × 2. 

[0447] 

        In a case where it is decided in step S718 that the 

size of each of CUs for Cb/Cr after splitting is other 

than 2 × 2, the processing advances to step S719. 

[0448] 

        In step S719, the lossless decoding section 132 

reads out a flag of the branch F2 depicted in FIG. 43 

among the split flags.  Thereafter, the processing 

advances to step S721. 

[0449] 

        Conversely, in a case where it is decided in step 

S717 that the size of each of CUs for Cb/Cr after QT 
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splitting is 2 × 2, 2 × 4, or 4 × 2, the processing 

advances to step S720.  Also in a case where it is decided 

in step S718 that the size of each of CUs for Cb/Cr after 

QT splitting is 2 × 2, the processing advances to step 

S720. 

[0450] 

        In step S720, the lossless decoding section 132 

does not read out the flag of the branch F2 and 

interprets the flag as 0.  Thereafter, the processing 

advances to step S721. 

[0451] 

        In step S721, the lossless decoding section 132 

decides whether or not the flag of the branch F2 is 1. 

[0452] 

        In a case where it is decided in step S721 that the 

flag of the branch F2 is 1, the processing advances to 

step S722. 

[0453] 

        In step S722, the lossless decoding section 132 

reads out the flag of the branch F3 depicted in FIG. 43 

from within the CU split structure information, and the 

CU split structure determination process is ended. 

[0454] 

        In a case where it is decided in step S716 that the 

flag of the branch F1 is 1 or in a case where it is 
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decided in step S721 that the flag of the branch F2 is 0, 

the CU split structure determination process is ended. 

[0455] 

        Since a CU of a minimum size is included in and 

sent together with the SPS and a CU of the minimum size 

is not used on the decoding side as described above, the 

delay in intra prediction can be reduced. 

[0456] 

        It is to be noted that, although FIG. 42 is 

directed to a case of an I slice, the process in the case 

of a P/B slice is different only in type of the slice, 

and a similar process to that in the case of an I slice 

is performed, and therefore, description of the process 

is omitted. 

[0457] 

        Further, although, in the foregoing description, a 

CU of the minimum size is included in the SPS, the CU of 

the minimum size of may be included in some other syntax 

such as the PPS. 

[0458] 

<4. Fourth Embodiment (Determination of Minimum CU by 

Standard)> 

        In a fourth embodiment, a CU of a minimum size is 

not added to the high level syntax, and a size of 2 × 2 

cannot be used for a CU for Cr/Cb by a standard. 
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[0459] 

        In particular, it is determined by a standard such 

that min_cu_size_idc_intra_slice_chroma == 2 is used, and 

decoding is performed according to the standard. 

[0460] 

        It is to be noted that the method of determining a 

minimum size of the CU is not restrictive, and any other 

contrivances may be applied as long as a size of 2 × 2 of 

Cb/Cr cannot be used. 

[0461] 

        By determining the CU of the minimum size by a 

standard as described above, large delay that may 

possibly occur in the case of 2 × 2 of Cb/Cr can be 

avoided. 

[0462] 

        In the foregoing description, a method conforming 

to VVC is used as the encoding method.  However, the 

present technology is not restricted to this and can 

apply other encoding methods/decoding methods. 

[0463] 

        It is to be noted that, although the third 

embodiment described above is directed also to an example 

in which not only 2 × 2 but also 2 × 4 or 4 × 2 are 

excluded, also in the first, second, and fourth 

embodiments, it is possible to exclude not only 2 × 2 but 
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also 2 × 4 or 4 × 2. 

[0464] 

        Also, although a case of a chroma format of 4:2:0 

is described in the foregoing description, also 

application to other chroma formats is possible. 

[0465] 

        It is to be noted that the present disclosure can 

be applied to an image encoding apparatus and an image 

decoding apparatus that are used when image information 

(bit stream) compressed by orthogonal transform such as 

discrete cosine transform and motion compensation is 

received through a network medium such as a satellite 

broadcast, a cable television, the Internet, or a mobile 

phone, for example, like the VVC method.  Moreover, the 

present disclosure can be applied to an image encoding 

apparatus and an image decoding apparatus that are used 

when image information is processed on a storage medium 

such as an optical or magnetic disk or a flash memory. 

[0466] 

<5. Fifth Embodiment> 

        (Description of Computer to Which Present 

Disclosure Is Applied) 

        While the series of processes described above can 

be executed by hardware, it can otherwise be executed 

also by software.  In a case where the series of processes 
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is executed by software, a program that constructs the 

software is installed into a computer.  The computer here 

includes a computer that is incorporated in hardware for 

exclusive use, a personal computer, for example, for 

universal use that can execute various kinds of functions 

by installing various kinds of programs into the personal 

computer and so forth. 

[0467] 

        FIG. 44 is a block diagram depicting an example of 

a hardware configuration of a computer that executes the 

series of processes described hereinabove according to a 

program. 

[0468] 

        In the computer, a CPU (Central Processing Unit) 

501, a ROM (Read Only Memory) 502, and a RAM (Random 

Access Memory) 503 are connected to one another by a bus 

504. 

[0469] 

        Further, an input/output interface 505 is connected 

to the bus 504.  An inputting section 506, an outputting 

section 507, a storage section 508, a communication 

section 509, and a drive 510 are connected to the 

input/output interface 505. 

[0470] 

        The inputting section 506 includes, for example, a 
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keyboard, a mouse, a microphone, and so forth.  The 

outputting section 507 includes a display, a speaker, and 

so forth.  The storage section 508 includes, for example, 

a hard disk, a nonvolatile memory, or the like.  The 

communication section 509 includes a network interface or 

the like.  The drive 510 drives a removable medium 511 

such as a magnetic disk, an optical disk, a magneto-

optical disk, or a semiconductor memory. 

[0471] 

        In the computer configured in such a manner as 

described above, the CPU 501 loads a program stored, for 

example, in the storage section 508 into the RAM 503 

through the input/output interface 505 and the bus 504 

and executes the program to perform the series of 

processes described above. 

[0472] 

        The program to be executed by the computer (CPU 

501) can be recorded on and provided as the removable 

medium 511, for example, as a package medium or the like.  

Also, it is possible to provide the program through a 

wired or wireless transmission medium such as a local 

area network, the Internet, or a digital satellite 

broadcast. 

[0473] 

        In the computer, the program can be installed into 
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the storage section 508 through the input/output 

interface 505 by mounting the removable medium 511 on the 

drive 510.  Moreover, the program can be received by the 

communication section 509 through a wired or wireless 

transmission medium and installed into the storage 

section 508.  Further, the program can be installed in 

advance in the ROM 502 or the storage section 508. 

[0474] 

        It is to be noted that the program to be executed 

by the computer may be a program by which processes are 

performed in a time series in the order as described in 

the present specification or processes are performed in 

parallel or performed at necessary timings such as when 

the process is called. 

[0475] 

        It is to be noted that, in the present 

specification, an example is described in which various 

kinds of information are multiplexed in encoded data and 

transmitted from the encoding side to the decoding side.  

However, the technique for transmitting such information 

is not limited to this example.  For example, such 

information may be transmitted or recorded as separate 

data associated with encoded data without being 

multiplexed with the encoded data.  Here, the term "to 

associate" signifies making it possible to link, upon 
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decoding, an image included in a bit stream (which may be 

part of an image such as a slice or a block) and 

information corresponding to the image.  In particular, 

the information may be transmitted on a transmission line 

different from that for the encoded data.  Further, the 

information may be recorded on a recording medium that is 

different from that for the encoded data (or is another 

recording area of a same recording medium).  Furthermore, 

the information and the encoded data may be associated 

with each other in a freely selected unit such as, for 

example, a plurality of frames, one frame, or part of a 

frame. 

[0476] 

        Further, in the present specification, the term 

system is used to signify an aggregation of a plurality 

of components (devices, modules (parts), and so forth) 

and it does not matter whether or not all components are 

accommodated in the same housing.  Accordingly, a 

plurality of apparatuses accommodated in separate 

housings and connected to each other through a network is 

a system, and also one apparatus in which a plurality of 

modules is accommodated in a single housing is a system. 

[0477] 

        The advantageous effects described in the present 

specification are illustrative only and are not 
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restrictive.  There may also be other advantageous 

effects. 

[0478] 

        The embodiment of the present disclosure is not 

restricted to the embodiments described hereinabove, but 

various alterations are possible without departing the 

subject matter of the present disclosure. 

[0479] 

        It is to be noted that the present disclosure can 

be applied to an image encoding apparatus and an image 

decoding apparatus that are used when an encoded stream 

is received through a network medium such as a satellite 

broadcast, a cable TV, the Internet, or a mobile phone or 

when an encoded stream is processed on a storage medium 

such as an optical or magnetic disk or a flash memory. 

[0480] 

        Further, the present disclosure can take a 

configuration for cloud computing by which one function 

is shared and processed cooperatively by a plurality of 

apparatuses through a network. 

[0481] 

        Further, each of the steps of the flow charts 

described hereinabove can be executed by a single 

apparatus or can be shared and executed by a plurality of 

apparatuses. 
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[0482] 

        Further, in a case where a plurality of processes 

is included in one step, the plurality of processes 

included in the one step can be executed by one apparatus 

or can be shared and executed by a plurality of 

apparatuses. 

[0483] 

        Although the preferred embodiments of the present 

disclosure have been described in detail with reference 

to the accompanying drawings, the present disclosure is 

not limited to such examples.  It is apparent that persons 

who have common knowledge in the technical field to which 

the present disclosure pertains could have achieved 

various alterations or modifications within the scope of 

the technical idea described in the claims, and it is 

recognized that also they fall within the technical scope 

of the present disclosure as a matter of course. 

[0484] 

        It is to be noted that the present technology can 

also take in the following configurations. 

        (1) An image processing apparatus including: 

        a control section configured to exclude, when a CU 

split structure for luminance and a CU split structure 

for chroma are to be determined, for the chroma, a CU 

split structure that is a minimum size in at least one of 
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a vertical direction or a horizontal direction to 

determine a CU split structure for the chroma; and 

        an encoding section configured to encode an image 

with the CU split structure for luminance and the CU 

split structure for chroma to generate an encoded stream. 

        (2) The image processing apparatus according to (1) 

above, in which 

        the CU split structure that is a minimum size in at 

least one of the vertical direction or the horizontal 

direction has a size of 2 × 2, 4 × 2, or 2 × 4. 

        (3) The image processing apparatus according to (1) 

or (2) above, further including: 

        a cost calculation section configured to calculate 

a cost for the CU split structure for luminance and a 

cost for the CU split structure for chroma, in which 

        the control section determines, for the luminance, 

a CU split structure for luminance on the basis of the 

cost for the CU split structure for luminance, and 

        inhibits, for the chroma, calculation of the CU 

split structure cost for chroma for the minimum CU split 

structure and determines the CU split structure for 

chroma on the basis of the cost for the CU split 

structure for chroma. 

        (4) The image processing apparatus according to any 

one of (1) to (3) above, further including: 



 129  

        a setting section configured to set syntax in which 

the minimum CU split structure is described, wherein 

        the control section determines, for the chroma, the 

CU split structure for chroma by excluding the minimum CU 

split structure on the basis of the syntax. 

        (5) The image processing apparatus according to (4) 

above, further including: 

        a transmission section configured to transmit the 

syntax and the encoded stream. 

        (6) The image processing apparatus according to (4) 

above, in which 

        the syntax includes the SPS. 

        (7) The image processing apparatus according to any 

one of (1) to (3) above, in which 

        the minimum CU split structure is defined by a 

standard. 

        (8) An image processing method performed by an 

image processing apparatus, including: 

        excluding, when a CU split structure for luminance 

and a CU split structure for chroma are to be determined, 

for the chroma, a CU split structure that is a minimum 

size in at least one of a vertical direction or a 

horizontal direction to determine a CU split structure 

for the chroma; and 

        encoding an image with the CU split structure for 
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luminance and the CU split structure for chroma to 

generate an encoded stream. 

        (9) A program for causing a computer to function 

as: 

        a control section configured to exclude, when a CU 

split structure for luminance and a CU split structure 

for chroma are to be determined, for the chroma, a CU 

split structure that is a minimum size in at least one of 

a vertical direction or a horizontal direction to 

determine a CU split structure for the chroma; and 

        an encoding section configured to encode an image 

with the CU split structure for luminance and the CU 

split structure for chroma to generate an encoded stream. 

        (10) An image processing apparatus including: 

        a control section configured to exclude, when a CU 

split structure for luminance and a CU split structure 

for chroma are to be determined, for the chroma, a CU 

split structure that is a minimum size in at least one of 

a vertical direction or a horizontal direction to 

determine a CU split structure for the chroma and 

determine a CU split structure for the luminance and a CU 

split structure for the chroma on the basis of an encoded 

stream generated by encoding an image with the CU split 

structure for luminance and the CU split structure for 

chroma; and 
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        a decoding section configured to decode the encoded 

stream to generate the image on the basis of the CU split 

structure for luminance and the CU split structure for 

chroma. 

        (11) An image processing method performed by an 

image processing apparatus, including: 

        excluding, when a CU split structure for luminance 

and a CU split structure for chroma are to be determined, 

for the chroma, a CU split structure that is a minimum 

size in at least one of a vertical direction or a 

horizontal direction to determine a CU split structure 

for the chroma and determine a CU split structure for the 

luminance and a CU split structure for the chroma on the 

basis of an encoded stream generated by encoding an image 

with the CU split structure for luminance and the CU 

split structure for chroma; and 

        decoding the encoded stream to generate the image 

on the basis of the CU split structure for luminance and 

the CU split structure for chroma. 

        (12) A program for causing a computer to function 

as: 

        a control section configured to exclude, when a CU 

split structure for luminance and a CU split structure 

for chroma are to be determined, for the chroma, a CU 

split structure that is a minimum size in at least one of 
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a vertical direction or a horizontal direction to 

determine a CU split structure for the chroma and 

determine a CU split structure for the luminance and a CU 

split structure for the chroma on the basis of an encoded 

stream generated by encoding an image with the CU split 

structure for luminance and the CU split structure for 

chroma; and 

        a decoding section configured to decode the encoded 

stream to generate the image on the basis of the CU split 

structure for luminance and the CU split structure for 

chroma. 

[Reference Signs List] 

[0485] 

        10: Encoding apparatus 

        11: Control section 

        12: Setting section 

        13: Encoding section 

        14: Transmission section 

        46: Intra prediction section 

        47: Motion prediction and compensation section 

        36: Encoding section 

        110: Decoding apparatus 

        111: Control section 

        112: Reception section 

        113: Extraction section 
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        114: Decoding section 

        132: Lossless decoding section 

        143: Intra prediction section 

        144: Motion compensation section 

        210: Encoding apparatus 

        211: Control section 

        212: Setting section 

        410: Decoding apparatus 

        411: Control section 
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[CLAIMS] 

[Claim 1] 

        An image processing apparatus comprising: 

        a control section configured to exclude, when a CU 

split structure for luminance and a CU split structure 

for chroma are to be determined, for the chroma, a CU 

split structure that is a minimum size in at least one of 

a vertical direction or a horizontal direction to 

determine a CU split structure for the chroma; and 

        an encoding section configured to encode an image 

with the CU split structure for luminance and the CU 

split structure for chroma to generate an encoded stream. 

[Claim 2] 

        The image processing apparatus according to claim 

1, wherein 

        the CU split structure that is a minimum size in at 

least one of the vertical direction or the horizontal 

direction has a size of 2 × 2, 4 × 2, or 2 × 4. 

[Claim 3] 

        The image processing apparatus according to claim 

1, further comprising: 

        a cost calculation section configured to calculate 

a cost for the CU split structure for luminance and a 

cost for the CU split structure for chroma, wherein 

        the control section determines, for the luminance, 
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a CU split structure for luminance on a basis of the cost 

for the CU split structure for luminance, and 

        inhibits, for the chroma, calculation of the CU 

split structure cost for chroma for the minimum CU split 

structure and determines the CU split structure for 

chroma on a basis of the cost for the CU split structure 

for chroma. 

[Claim 4] 

        The image processing apparatus according to claim 

1, further comprising: 

        a setting section configured to set syntax in which 

the minimum CU split structure is described, wherein 

        the control section determines, for the chroma, the 

CU split structure for chroma by excluding the minimum CU 

split structure on a basis of the syntax. 

[Claim 5] 

        The image processing apparatus according to claim 

4, further comprising: 

        a transmission section configured to transmit the 

syntax and the encoded stream. 

[Claim 6] 

        The image processing apparatus according to claim 

4, wherein 

        the syntax includes the SPS. 

[Claim 7] 
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        The image processing apparatus according to claim 

1, wherein 

        the minimum CU split structure is defined by a 

standard. 

[Claim 8] 

        An image processing method performed by an image 

processing apparatus, comprising: 

        excluding, when a CU split structure for luminance 

and a CU split structure for chroma are to be determined, 

for the chroma, a CU split structure that is a minimum 

size in at least one of a vertical direction or a 

horizontal direction to determine a CU split structure 

for the chroma; and 

        encoding an image with the CU split structure for 

luminance and the CU split structure for chroma to 

generate an encoded stream. 

[Claim 9] 

        A program for causing a computer to function as: 

        a control section configured to exclude, when a CU 

split structure for luminance and a CU split structure 

for chroma are to be determined, for the chroma, a CU 

split structure that is a minimum size in at least one of 

a vertical direction or a horizontal direction to 

determine a CU split structure for the chroma; and 

        an encoding section configured to encode an image 
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with the CU split structure for luminance and the CU 

split structure for chroma to generate an encoded stream. 

[Claim 10] 

        An image processing apparatus comprising: 

        a control section configured to exclude, when a CU 

split structure for luminance and a CU split structure 

for chroma are to be determined, for the chroma, a CU 

split structure that is a minimum size in at least one of 

a vertical direction or a horizontal direction to 

determine a CU split structure for the chroma and 

determine a CU split structure for the luminance and a CU 

split structure for the chroma on a basis of an encoded 

stream generated by encoding an image with the CU split 

structure for luminance and the CU split structure for 

chroma; and 

        a decoding section configured to decode the encoded 

stream to generate the image on a basis of the CU split 

structure for luminance and the CU split structure for 

chroma. 

[Claim 11] 

        An image processing method performed by an image 

processing apparatus, comprising: 

        excluding, when a CU split structure for luminance 

and a CU split structure for chroma are to be determined, 

for the chroma, a CU split structure that is a minimum 
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size in at least one of a vertical direction or a 

horizontal direction to determine a CU split structure 

for the chroma and determine a CU split structure for the 

luminance and a CU split structure for the chroma on a 

basis of an encoded stream generated by encoding an image 

with the CU split structure for luminance and the CU 

split structure for chroma; and 

        decoding the encoded stream to generate the image 

on a basis of the CU split structure for luminance and 

the CU split structure for chroma. 

[Claim 12] 

        A program for causing a computer to function as: 

        a control section configured to exclude, when a CU 

split structure for luminance and a CU split structure 

for chroma are to be determined, for the chroma, a CU 

split structure that is a minimum size in at least one of 

a vertical direction or a horizontal direction to 

determine a CU split structure for the chroma and 

determine a CU split structure for the luminance and a CU 

split structure for the chroma on a basis of an encoded 

stream generated by encoding an image with the CU split 

structure for luminance and the CU split structure for 

chroma; and 

        a decoding section configured to decode the encoded 

stream to generate the image on a basis of the CU split 
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structure for luminance and the CU split structure for 

chroma. 


