
prediction, picture quality significantly drops. 
[0004] 

Conventional techniques for solving such a drop in quality due to 

erroneous intra prediction include a constrained intra prediction scheme used in 
H.264. This scheme allows only intra-predicted samples to be used as reference 

samples for intra prediction, and prohibit specific intra prediction methods when 
reference samples are not intra-predicted (see Non Patent Literature (NPL) 1). 

[Citation List] 

[Non Patent Literature] 

[0005] 

[NPL 1] ISO/IEC 14496-10 "MPEG-4 Part 10 Advanced Video Coding" 

[Summary of Invention] 

[Technical Problem] 

[0006] 

Here, the next-generation HEVC moving picture coding scheme uses 

variable-length coding units of a plurality of sizes. With this scheme, whether to 
use intra prediction or inter prediction can be individually set for each coding 

unit. Accordingly, HEVC can improve coding efficiency. 
[0007] 

However, such cases in which variable-length coding units are used are 
not assumed with the constrained intra prediction scheme in conventional 

techniques, coding efficiency may be insufficient in such cases in which variable-
length coding units are used. 

[0008] 

Embodimentsln—view of this, D-R—eb4ee£ of the present invention is to 

provide a moving picture coding method, a moving picture decoding method, a 

moving picture coding apparatus, a moving picture decoding apparatus, and a 
moving picture coding and decoding apparatus that enable improvement in 

coding efficiency. 
[Solution to Problem] 
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[0009] 
In order to ach4eve-fchc above object, a moving-piettirc decoding- method 

aeeerdrng-fce-on aspect-of the present inventieft—analyzing a—e&^ed-

fflevffl#~p4efafe-ktts£re^ to obtain difference-data of a targe^-bloele-affteftg-a 

|3lt±faf!£y~e£-&io€k^^ sizes; pefferotng intra prediction en the target 

bfeek-to calculate values of prcdi-eted samples target b\eekj—md 

ea1etik^tmg-H^e€ef^stffl€te€^--sam|3^e^ block by-^d#m§-the-dlfference 

^ata and the values of the predicted samplesT-whefeftvifHt^ performing of into 

prediction, validity of each of reference samples that arc located one of 

immediately above and immediately to the left of the target block is determined? 

af^d-wfoen the referenc&-sai?i^les4Bekfdc both a valid-reference sample-an-d-af^ 

mvaM—refefefiee—sa^R^ley—pfedletteB- is performed—treirtg the va-Bd 

refereeee-samplc, and an intra predicted reference sample ts-detcrmincd as-~a 

valfd-fefcrencc sample, and an i-Rter-ftredietcd referenee-sa-mpic is determined 

as-a-B-invalid reference samsje-rAccordino to a first aspect, there is provided a 

picture decoding method comprising: analyzing a coded moving picture 

bitstream to obtain difference data of a target block among a plurality of blocks 

of two or more sizes; performing intra prediction on the target block to calculate 

values of predicted samples of the target block: and calculating reconstructed 

samples of the target block by adding the difference data and the values of the 

predicted samples, wherein said performing of intra prediction includes: 

a valid reference sample if the reference sample is intra-predicted, and to be an 

invalid reference sample if the reference sample is inter-predicted: selecting, if 

the plurality of reference samples include both a valid reference sample and an 

reference sample; and calculating the predicted sample of the target block, using 

a value of the valid reference sample and the complementary value of the invalid 

reference sample, and in said selecting, a search starts from a location of a 

reference sample at bottom left of the target block among locations of all the 
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plurality of reference samples, and is conducted in search order: locations of 

reference samples at left; top left; top; and top right of the target biock, and 

when a valid reference sampie found first in the search is a first valid reference 

sample, and a vaiid reference sample found next in the search is a second valid 
reference sample, a value of the first valid reference sample is used as the 

complimentary value of the invalid reference sampie that is located between the 

location of the reference sample at bottom left of the target block and a location 

of the second valid reference sample, both exclusive, in the search order. 

apparatus comprising: an analyzing unit configured to analyze a coded moving 

picture bitstream to obtain difference data of a target biock among a plurality of 

blocks of two or more sizes: an intra predicting unit configured to perform intra 
prediction on the target block to calculate values of predicted samples of the 

values of the predicted samples, wherein said intra predicting unit includes: a 

determining unit configured to determine, for each of a plurality of reference 
samples each located at bottom left, left, top left, too, or top right of the target 

block, the reference sample to be a vaiid reference sample if the reference 

sampie is intra-predicted, and to be an invalid reference sample if the reference 
sample is inter-predicted: a sample selecting unit configured to select, if the 

plurality of reference samples include both a valid reference sample and an 

invalid reference sample, the valid reference sample as a selected sample, and 

use a value of the selected sample as a complementary value of the invalid 

reference sample: and a predicted sample calculating unit configured to calculate 
the predicted sample of the target block, using a value of the valid reference 

sample and the complementary value of the invalid reference sample, and said 
sample selecting unit is configured to: start a search from a location of a 

reference sample at bottom left of the target block among locations of all the 

plurality of reference samples, and conduct the search in search order: locations 

of reference samples at left: top left: top: and top right of the target block: and 



when a valid reference sampie found first in the search is a first vaiid reference 

sample, an id a vaiid referenc e sarr ipie fc )und nex t in the search is a s econd valid 

reference sample, i jse a \ 'alue of th e first 1 valid reference sam Die as the 

comolemer itarv value 2 of the invalic i refei 'ence sai mole that is located t between the 

location of the refere mce sarr iole ai t botti Dm left c if the taraet block an d a location 

of the seco nd valid n sference same ile, be »th exclu: sive, in the search on der. 

[0010] 
According to this, with the moving picture decoding method according to 

embodimentsthc aspcet of the present invention, when reference samples that 

are located one of immediately above and immediateiy to the left of a target 
block include both a valid reference sample and an invalid reference sampie, 

intra prediction can be performed using the valid reference sample. Accordingly, 

with embodiments of the moving picture decoding method, more valid reference 

samples can be utilized, thereby enabling improvement in coding efficiency. 

[0011] 
In addition, in the analyzing, the coded moving picture bitstream may be 

further analyzed to determine an intra prediction method, and the performing of 

intra prediction further may include: calculating a complementary sample using 
one or more valid reference samples including the valid reference sample, the 

complementary sample being a reference sample at a location of the invalid 

reference sample; and calculating the predicted samples of the target block in 
accordance with the intra prediction method, 



using the vaiid reference sample and the complementary sample. 

[0012] 

According to this, with the moving picture decoding method according to 

embodimentsthc aspect of the present invention, a sample at an invalid 
reference sample location can be generated using valid reference samples. 

Accordingly, with embodiments of the moving picture decoding method, more 

vaiid reference samples can be utilized, thereby enabling improvement in coding 

efficiency. 
[0013] 

Further, the calculating of a complementary sample may include: selecting 

one of the valid reference samples as a selected sample; and determining a 

value of the selected sample as a value of the complementary sample. 
[0014] 

Further, the selecting may include: identifying, as a start reference sample 

location, a location of a valid reference sample found first in a search in a 

direction starting from a location of a bottom-left reference sample and ending 

at a location of a top-right reference sample among locations of all the reference 
samples; determining whether the invalid reference sample is located before or 

after the start reference sample location in a sample order that is the same as 

an order of samples in the search; selecting a sample at the start reference 
sampie location as the selected sample when the invalid reference sample is 

located before the start sample location; and selecting, when the invalid 

reference sample is located after the start sample location, a valid reference 

sample as the selected sample in accordance with the sample order that is the 

same as the order of samples in the search, the valid reference sample being 
located before and closest to a location of the invalid reference sample. 

[0015] 

Further, the calculating of a complementary sample may include: selecting 
the valid reference samples as a plurality of selected samples; calculating a 

plurality of scaling values by multiplying a value of each of the selected samples 

by a 
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predetermined scaling factor; calculating a first sum total value that is a sum 

total of the scaling values; calculating a second sum total value that is a sum of 

the first sum total value and a predetermined offset value; and calculating a 

value of the complementary sample by down-shifting the second sum total value 
by a predetermined shift step value. 

[0016] 

Further, the intra prediction may be intra DC prediction. 

[0017] 

According to this, with the moving picture decoding method according to 

embodimentsthc aspect of the present invention, in the intra DC prediction, 
more valid reference samples can be utilized, thereby enabling improvement in 

coding efficiency. 
[0018] 

Further, the performing of intra prediction may include: selecting each of 

one or more vaiid reference samples including the valid reference sample as a 
selected sampie; specifying the number of the selected samples; selecting a 

scaling factor, an offset value, and a shift step value, using a look-up table, in 

accordance with the number of the selected samples; calculating a first sum 
total value that is a sum total of values of the selected samples; calculating a 

scaling value by multiplying the first sum total value by the selected scaling 

factor; calculating a second sum total value that is a sum of the selected offset 
value and the scaling value; and generating each value of ail the predicted 

samples of the target block by down-shifting the second sum total value by the 

selected shift step value. 
[0019] 

In addition, the performing of intra prediction may further include 
performing of intra prediction in the case in which a predetermined value is 

determined as each value of all the predicted samples of the target block. 
[0020] 

In the analyzing, selection information coded in a header of the coded 

moving picture bitstream may be further obtained, the 
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seiection information may indicate one of (1) a constrained intra prediction 

scheme that is the intra prediction and (2) an unconstrained intra prediction 

scheme for performing intra prediction using all the reference samples without 

determining the validity of each of the reference samples, and in the performing 
of intra prediction, the intra prediction may be performed using one of the 

constrained intra prediction scheme and the unconstrained intra prediction 
scheme indicated by the selection information. 

[0021] 

According to this, with the moving picture decoding method according to 
embodimentsthc aspect of the present invention, it is possible to know, based on 

selection information, which of the constrained intra prediction scheme and the 
unconstrained intra prediction scheme is used. 

[0022] 
In the performing of intra prediction, a reference sample outside a target 

picture may be determined as an invalid reference sample. 

[0023] 

Further, in the performing of intra prediction, a reference sample that is 

not included in the same unit of picture division as the target block may be 
determined as an invalid reference sample. 

[0024] 
The unit of picture division may be a slice. 

[0025] 
The unit of picture division may be a lightweight slice. 

[0026] 
The unit of picture division may be a tile. 

[0027] 

The unit of picture division may be a wavefront parallel processing unit 

(WPP). 
[0028] 

further, a moving picture cod-mg-mcthod 

p-Feseftfe-mvef&en includesi-di¥fdifif~€m~efi-gim^ of blocks 
of two or more sizes; performing intra 
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prediction on a target block among the blocks to calculate values of predicted 

samples; calculating difference data tha£ represents a difference between an 

0f4§maf image in fche-ta-fgefr-btee^-and the Nretees-ef-the-pFed+efced-samptes^-af^ 

coding the—difference—ekita to generate a ceded moving—pietofe—-bitstream, 
whefeffl—ifh-thc perfopmmg—ef-tntra—prediction, validity—ef each of refefenee 

safBfites-#ta^-ai=c locatcd-of^e-ef4fmyved4ately-abovc and ifftmediatelY-te-thc left 
ef the targc^-NeeMs-^etefffw=ted7-eft4-when-#te--FefGrGncG samples 

a valid rcfcrcnce-safflftle-aft4-afHnyalid refere-nee-sample, the-mtra prediction is 

performed using the valid reference sample, and an intra predicted reference 
sample is determined as a valid reference sample, and an inter predicted 

reference sample is determined as an invalid reference sample. 
According to a third aspect, there is provided a picture coding method 

comprising: dividing an original picture into a plurality of blocks of two or more 

sizes; performing intra prediction on a target block among the blocks to calculate 

left, left, top left, top, or top right of the target biock. the reference sample to be 

a valid reference sample if the reference sample is intra-predicted, and to be an 

invalid reference sampie if the reference sample is inter-predicted: selecting, if 

using a value of the selected sample as a complementary value of the invalid 
reference sample: and calculating the predicted sample of the target block, using 

a value of the valid reference sample and the complementary value of the invalid 

reference sample, and in said selecting, a search starts from a location of a 

when a valid reference sampie found first in the search is a first vaiid reference 
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sample, and a valid reference sample found next in the search is a second valid 

reference sample, a value of the first vaiid reference sample is used as the 

location of the reference sampie at bottom left of the target block and a location 

of the second vaiid reference sample, both exclusive, in the search order. 

According to a fourth aspect, there is provided a picture coding apparatus 

sing: a it livide an 

of blocks of two or more sizes: an intra predicting unit configured to perform 

predicted samples; a difference data calculating unit configured to calculate 

unit incl 

predicted: a sample selecting unit configured to select, if the plural 

sample, the vaiid reference sample as a selected sample, and use a value of the 

id reference sampie and the 

value 

unit is configured to: start a search from a location of a reference sample at 

m se; 

left* top left too right of the target block; and when a valid 

in 



sample, use a value of the first valid reference sampie as the complementary 

value of the invalid reference sample that is located between the location of the 

reference sample at bottom left of the target block and a location of the second 

[0029] 

According to this, with the moving picture coding method according to 

embodimentsthc aspect of the present invention, when reference samples that 
are located one of immediately above and immediately to the left of a target 

block include both a vaiid reference sample and an invalid reference sample, 

intra prediction can be performed using the valid reference sample. Accordingly, 

with embodiments of the moving picture decoding method, more valid reference 

samples can be utilized, thereby enabling improvement in coding efficiency. 
[0030] 

It should be noted that embodiments of the present invention can be 

realized not only as such a moving picture coding method and such a moving 
picture decoding method, but also as a moving picture coding apparatus or a 

moving picture decoding apparatus that uses, as means, characteristic steps 

included in the moving picture coding method or the moving picture decoding 
method. Further, embodiments of the present invention can also be realized as 

a moving picture coding and decoding apparatus including such a moving picture 

coding apparatus and such a moving picture decoding apparatus. 
[0031] 

Furthermore, embodiments of the present invention can also be realized 

as a program for causing a computer to execute the characteristic steps 
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included in the moving picture coding method or the moving picture decoding 

method. It goes without saying that such a program can be distributed via a 
recording medium such as CD-ROM and a transmission medium such as the 

Internet. 

[0032] 
Moreover, embodiments of the present invention can be realized as a 

semiconductor integrated circuit (LSI) that realizes a part or all of functions of 

such a moving picture coding apparatus or moving picture decoding apparatus, 
or various devices or a system including such a moving picture coding apparatus 

or moving picture decoding apparatus, 

[Advantageous Effects of Invention] 

[0033] 
As described above, embodiments of the present invention can provide a 

moving picture coding method, a moving picture decoding method, a moving 

picture coding apparatus, a moving picture decoding apparatus, and a moving 

picture coding and decoding apparatus that enable improvement in coding 

efficiency. 

[Brief Description of Drawings] 

[0034] 
[FIG. 1] FIG. 1 shows an example of intra prediction from neighboring reference 
samples when blocks have the same size. 

[FIG. 2] FIG. 2 shows an example of intra prediction from neighboring reference 

samples when blocks have different sizes. 

[FIG. 3] FIG. 3 is a flowchart showing moving picture coding processing in 

Embodiment 1 of the present invention. 

[FIG. 4A] FIG. 4A shows an example of the location of a signal that indicates a 
result of selection between an unconstrained intra prediction scheme and a 

constrained intra prediction scheme in a compressed moving picture stream in 
Embodiment 1 of the present invention. 

[FIG. 4B] FIG. 4B shows an example of the location of a signal that indicates a 

result of selection between the unconstrained intra prediction scheme and the 

constrained intra prediction scheme in a 
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coding the difference data to generate a coded moving picture 
bitstream, 

wherein said performing of intra prediction includes*: 
determining, for each of a plurality of reference samples each 

located at bottom left, left, top left, top, or top right of the target 
biock, the reference sample to be a valid reference sample if the 
reference sample is intra-predicted, and to be an invalid reference 
sample if the reference sample is inter-predicted; 

selecting, if the plurality of reference samples include both a 
valid reference sample and an invalid reference sample, the vaiid 
reference sample as a selected sample, and using a value of the 
selected sample as a complementary value of the invalid reference 
sample; and 

calculating the predicted sample of the target block, using a 
value of the vaiid reference sample and the complementary value of 
the invalid reference sampie, and 

in said selecting, 
a search starts from a location of a reference sample at 

bottom left of the target block among locations of all the plurality of 
reference samples, and is conducted in search order: locations of 
reference samples at left; top left; top; and top right of the target 
biock, and 

when a vaiid reference sampie found first in the search is a 
first valid reference sample, and a valid reference sample found next 
in the search is a second valid reference sample, 
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