
(12) STANDARD PATENT (11) Application No. AU 2013319537 B2 
(19) AUSTRALIAN PATENT OFFICE 

(54) Title 
Video prediction encoding device, video prediction encoding method, video predic
tion decoding device and video prediction decoding method 

(51) International Patent Classification(s) 
HO4N 19/50 (2014.01) 

(21) Application No: 2013319537 (22) Date of Filing: 2013.06.17 

(87) WIPO No: W014/045651 

(30) Priority Data 

(31) Number (32) Date (33) Country 
2012-209626 2012.09.24 JP 

(43) Publication Date: 2014.03.27 
(44) Accepted Journal Date: 2016.03.03 

(71) Applicant(s) 
NTT Docomo, Inc.  

(72) Inventor(s) 
Suzuki, Yoshinori;Boon, Choong Seng;Tan, Thiow Keng 

(74) Agent / Attorney 
Spruson & Ferguson, L 35 St Martins Tower 31 Market St, Sydney, NSW, 2000 

(56) Related Art 
WAHADANIAH, V. et al., "Constrained Intra Prediction Scheme for Flexible-Sized 
Prediction Units in 
HEVC", Joint Collaborative Team on Video Coding (JCT-VC) of ITU-T SG16 WP3 
and ISO/IEC 
JTC1/SC29/WG11, 4th Meeting: Daegu, KR, 20-28 Jan 2011



(12) S 6i-Ff J fJ: I ~~:-J L WC 1 ld *1L M - fi REI 

(10) 0 h f 
(43) M W 

2014 * 3 f 27 H (27.03.2014) W O 2014/045651 Al 
WIPO I PCT 

(51) MRMHV$390: A5 A Tokyo (JP). > . -t '..(TAN Thiow 
H04N 7/32 (2006.01) Keng); T 1006150 *3#T-|~-t M FAUX M T - T H 1 

,, 1 #1 '1JJ~E / i-' 9 r7- *1
(21) : PCT/JP2013/066616 r4- rn- FZ2E fl 4$$$t Tokyo (JP).  

(22) M W RE8: 2013 P 6 J 17 8(17.06.2013) (74) 1t3r: (JIl t4, YNHASEGAWA Yoshiki et 
(25) M A [P ® ) : t M3M al.); T 1000005 *,T 0 It E I A ®) T H 1 % 

-1(26)K] MY PLAZA (BA 
(26) E: 9$ tAl) 9 [R f A F I$$tJ* iiPFT Tokyo 

(30) 49r.Nf/-"% : (JP).  
JiR5 2012-209626 2012 P 9 J 24 8 (24.09.2012) JP (81) e) ( tifIj , , ) 

(71) JA: iI - f -R t- I E E RIB): AE, AG, AL, AM, AO, AT, AU, AZ, BA, 
(NTT DOCOMO, INC.) [JP/JP]; T 1006150 --|F BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH, CL, CN, 
itT 1 1 1 Tk CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES, 

Wtf RTZ-TH _ 11 F1 Tokyo (JP). Fl, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, 
(72) 5BE -: !$Tu1 X !(SUZUKI Yoshinori); T 1006150 IS, KE, KG, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT, 

#-FT It Eh X RT T 1 1 # 1 7 y IJE LU, LY, MA, MD, ME, MG, MK, MN, MW, MX, MY, 
S- 9 r3- -t 'i M ; - T < - - f MZ, NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, 

SE 0 lM4 It5 A Tokyo (JP). -> - t QA, RO, RS, RU, RW, SC, SD, SE, SG, SK, SL, SM, ST, 
>(BOON Choong Seng); T 1006150 OS |it # B IX SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 

TU1 T-TH 1 1 # 1 ' JE - 2- VC, VN, ZA, ZM, ZW.  
T-3 t ttI rn n F Z E 0 Ai 

(54) Title: VIDEO PREDICTION ENCODING DEVICE, VIDEO PREDICTION ENCODING METHOD, VIDEO PREDICTION 
DECODING DEVICE AND VIDEO PREDICTION DECODING METHOD 

S(5 4) 59P)B)A'94 :M TI rt UZ4ThL kff MAT; I4 h t Jn 

(57) Abstract: This decoding device is provided with a decoding means which 
decodes compressed data of a residue signal and direction information of in
tra-screen prediction of a target block, a prediction signal generation means 

14 AA which generates an intra-screen prediction signal from said direction informa
tion and an already-reproduced reference sample of an adjacent block, a residue 
signal restoring means which restores a reproduced residue signal of the target 
block, and a block storage means which restores and stores the pixel signal of 

Itep 7r efO)0W the target block, wherein the prediction signal generation means acquires a ref
erence sample from an already-reproduced block in the periphery of the stored 

520 target block, selects two or more key reference samples, interpolates between 
YES -Interp M t NO the key reference samples in order to generate an interpolated reference sample, 

Ierp'L=true and generates the intra-screen prediction by extrapolating the interpolated refer
ence sample on the basis of the direction of the intra-screen prediction.  

(bileierpolationroce s) inrasmornth ) A i t t 
- 4530 >iL 540 

M.11) t~I 0y ngSj~.Th ~ iktI 

p acquire reference sample ref[x] (nor-existing pixels are generated with B 

padin prcsig tUT _)t jJ fk t d)Ic -t > iv ) FK _t~f~ U.1 F 

50 Calculate theve n Interpolate Aboveand Interpolate Left 9R it R A R [ 
Z 50Are these two conditions fulfilled? Block size - M, A , 

SnterpolateAbove==true&&InterpolateLeft==true T A J1 6 0 
530 App h i near interpolation process to the reference sample ref[x] 
540 Apply intra smoothing to the reference sample ref[xJ 

O AA Start 
-. BR Finish



W O 2 0 1 4 /0 4 5 6 5 1 A 1l llI l|||IllI||VlIlllllllllllI||||||||I|||||||II||||||I|||||1I|||||||||||||I||||||||||||I||II| 
(84) tt (:l®tL\O ), ±T~CO JL1iO T GAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, KM, 

Tf.): ARIPO (BW, GH, GM, KE, LR, LS, MW, ML, MR, NE, SN, TD, TG).  
MZ, NA, RW, SD, SL, SZ, TZ, UG, ZM, ZW), .-L - 7 t 
'7 (AM, AZ, BY, KG, KZ, RU, TJ, TM), V -- | 'y 

i (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, Fl, -M[Ik*$ ( fa 21 (3)) 
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MK, 
MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, TR),



FP12-073 1-00 

DESCRIPTION 

Title of the Invention 

VIDEO PREDICTION ENCODING DEVICE, VIDEO PREDICTION 

ENCODING METHOD, VIDEO PREDICTION DECODING DEVICE 

5 AND VIDEO PREDICTION DECODING METHOD 

Technical Field 

[0001] The present invention relates to a moving picture prediction 

encoding device and method, and a moving picture prediction decoding 

device and method, and more particularly to filter processing of 

10 neighbouring samples for use in intra-picture prediction.  

Background Art 

[0002] Compression encoding technologies are used to efficiently 

transmit and accumulate moving picture data. MPEG-1 to 4 and 

H.261 to H.264 are widely used video coding technologies.  

15 [0003] In such video coding technologies, encoding processing and 

decoding processing are carried out after an image to be encoded is 

divided into a plurality of blocks. In intra-picture prediction encoding, 

a prediction signal is generated using a previously reconstructed 

neighbouring image signal (obtained by restoring compressed image 

20 data) located within the current picture where a target block is included, 

and thereafter a differential signal is obtained by subtracting the 

prediction signal from the signal of the target block and encoded. In 

inter-picture prediction encoding, referring to a previously reconstructed 

image signal within a picture different from the picture within which the 

25 target block is included, motion compensation is carried out, and a 

prediction signal is generated. The prediction signal is subtracted from 
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the signal of the target block to generate a differential signal, and the 

differential signal is encoded.  

[0004] Ordinarily, in inter-picture prediction (inter prediction) 

encoding, a prediction signal is generated by searching previously 

5 reconstructed pictures for a signal resembling the pixel signal of a block 

to be encoded. A motion vector that represents the spatial 

displacement amount between the target block and the region formed by 

the signal searched for, and the residual signal between the pixel signal 

of the target block and the prediction signal are encoded. The 

10 technique of searching respective bocks for the motion vector in this 

way is called block matching.  

[0005] Fig. 10 is a schematic diagram for explaining the block 

matching process. Here, the procedure for generating a prediction 

signal is described with an example in which a picture 701 includes a 

15 target block 702 to be encoded. A reference picture 703 has previously 

been reconstructed. A region 704 is located at the spatially same 

position as the target block 702 is located. In the block matching 

process, a search region 705 neighbouring the region 704 is defined, and 

from the pixel signals in the search region, a region 706 is to be detected 

20 that has the lowest sum of the absolute differences from the pixel 

signals of the target block 702. The signal of the region 706 becomes a 

prediction signal, and the displacement amount from the region 704 to 

the region 706 is detected as a motion vector 707. Furthermore, a 

method is commonly used in which a plurality of reference pictures 703 

25 is identified for each target block, a reference picture is selected on 

which the block matching is performed, and reference picture selection 
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information is generated. In H.264, in order to cope with local feature 

changes in images, a plurality of prediction types are provided which 

are used with different block sizes each for encoding a motion vector.  

The prediction types of H.264 are described, for example, in Patent 

5 Literature 2.  

[0006] H264 also perform intra-picture prediction (intra prediction) 

encoding in which a prediction signal is generated by extrapolating, in 

predetermined directions, the values of the previously reconstructed 

pixels adjacent to a block to be encoded. Fig. 11I is a schematic 

10 diagram for explaining the intra-picture prediction used in JTU H.264.  

In Fig. 11(A), a target block 802 is a block to be encoded, and a pixel 

group (reference sample group) 801 is from an adjacent region which 

includes image signal previously reconstructed in previous processing, 

and the group includes pixels A to M adjacent to the boundary of the 

15 target block 802.  

[0007] In this case, a prediction signal is generated by extending the 

pixel group (reference sample group) 801 of adjacent pixels 

immediately above the target block 802 in the downward direction. In 

Fig. 11(B), a prediction signal is generated by extending the previously 

20 reconstructed pixels (I to L) located on the left of a target block 804 in 

the rightward direction. A detailed explanation for generating a 

prediction signal is given, for example, in Patent Literature 1. The 

difference from the pixel signal of the target block is calculated for each 

of the nine prediction signals generated as shown in Figs. 11(A) -11 (B).  

25 The prediction signal having the smallest difference value is selected as 

the optimum prediction signal. As described above, prediction signals 
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(intra prediction samples) can be generated by extrapolating the pixels.  

The description above is provided in Patent Literature 1 below.  

[0008] The intra-picture prediction shown in Non Patent Literature 1 

provides 25 types of prediction signal generation methods all performed 

5 in different directions of extending reference samples, in addition to the 

9 types described above (a total of 34 types).  

[0009] In Non Patent Literature 1, in order to suppress distortions in 

reference samples, the reference samples are subjected to a low pass 

filter before a prediction signal is generated. Specifically, a 121 filter 

10 having weight coefficients of 1 : 2 : 1 is applied to the reference samples 

before the extrapolation prediction. This processing is called intra 

smoothing.  

[0010] With reference to Fig. 7 and Fig. 8, the intra-picture prediction 

in Non Patent Literature 1 is described. Fig. 7 shows an example of 

15 block division. Five blocks 220, 230, 240, 250, and 260 adjacent to a 

target block 210, which has a block size of NxN samples, have 

previously been reconstructed. For intra prediction of the target block 

210, reference samples denoted as refix] (x = 0 to 4N) are used. Fig. 8 

shows the process flow of the intra prediction. First, in step 310, 

20 reference samples reffx] (x = 0 to 4N) are derived from a memory into 

which a prediction signal generator for carrying out the intra-picture 

prediction process stores reconstructed pixels. In the step, some of the 

adjacent blocks may not have been reconstructed because of the 

encoding order, and all the 4N+1 samples refix] may not be derived. If 

25 it is the case, the missing samples are substituted with samples 

generated by a padding process (the values of the neighbouring samples 
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are copied), whereby 4N+1 reference samples are prepared. The details of the padding 

process are described in Non Patent Literature 1. Next, in step 320, the prediction signal 

generator performs the smoothing process on the reference samples using the 121 filter.  

Finally, in step 330, the prediction signal generator predicts a signal in the target block by 

extrapolations (in the directions of intra-picture prediction) and generates a prediction signal 

(i.e., intra prediction samples).  

Citation List 

Patent Literature 

[0011] Patent Literature 1: United States Patent No. 6765964 

Patent Literature 2: United States Patent No. 7003035 

Non Patent Literature 

[0012] Non Patent Literature 1: B. Bross et al., "High efficiency video coding (HEVC) text 

specification draft 8", Joint Collaborative Team on Video Coding (JCT-VC) of ITU-T SG16 

WP3 and ISO/IEC JTC1/SC29/WG1 1, JCTVC-J 1003, 10th Meeting: Stockholm, Sweden, 

11-20 July, 2012.  

[0013] Fig. 9 shows an example of a signal representing a flat region in which pixel values 

are similar. When the original pixel values (original sample values) 410 are encoded by 

coarse quantization, reconstructed values (reconstructed sample values) 420 in the block take 

a constant value, and a step-like distortion appears at a block boundary 430. This distortion is 

known as block noise and is usually removed by applying a block noise removing filter to the 

reconstructed image. However, the reference sample used in intra-picture prediction is a 

signal prepared previously to the application of the filter process for removing block noise, so 

that the block noise remaining in the reference sample at the block boundary propagates to the 

prediction signal (intra prediction samples) of the target block through intra-picture 

prediction. The block noise that has propagated to the prediction signal cannot be removed by 

a block noise removal process for a reconstructed signal and therefore propagates directly to 

the reference sample group for the next target block.  

P137034/10898194
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[0014] In Non Patent Literature 1, 34 different types of extrapolation directions are prepared 

in the extrapolation method of intra-picture prediction (in the directions of intra-picture 

prediction), so that block noise propagates while changing directions. As a result, a plurality 

of contouring artifacts are produced in the reconstructed signal of a flat region in an image. In 

particular, when noise propagates to a block of a large size, contouring artifacts run across the 

large block, giving an unpleasant visual effect.  

[0015] The 121 filter described in Background Art can effectively removes noise within 

reference samples but cannot remove step-like noise as illustrated in Fig. 9 because of a short 

tap number.  

Summary 

[0015A] It is an object of the present disclosure to substantially overcome, or at least 

ameliorate, one or more disadvantages of existing arrangements or to offer a useful 

alternative.  

[0016] An aspect of the present disclosure provides suppression of artificial noise such as the 

contouring artifacts described above.  

[0017] A moving picture prediction encoding device according to an aspect of the present 

disclosure includes block division means for dividing an input image into a plurality of 

blocks, prediction signal generation means for generating, using previously reconstructed 

reference samples located adjacent to a target block to be encoded among the divided blocks 

from the block division means, an intra-picture prediction signal of a block having a higher 

correlation with the target block. The moving picture prediction encoding device further 

includes residual signal generation means for generating a residual signal between the 

prediction signal of the target block and the pixel signal of the target block, residual signal 

compression means for compressing the residual signal generated by the residual signal 

generation means, residual signal restoration means for generating a reconstructed residual 

signal by restoring the compressed residual signal, encoding means for encoding the 

compression data of the residual signal, and block storage means for restoring the pixel signal 

of the target block by adding the prediction signal to the reconstructed residual signal, and 

storing the reconstructed pixel signal of the target block to be used as reference samples. The 

prediction signal generation means derives reference samples from previously reconstructed 

blocks, stored in the block storage means, which neighbour the target block, selects two or 

more key reference samples from the reference samples, performs an interpolation process 

P137034/10898194
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between the key reference samples for generating interpolated reference samples, determines 

a direction of intra-picture prediction, and generates the intra-picture prediction signal by 

extrapolating the interpolated reference samples based on the determined direction of the 

intra-picture prediction. The encoding means encodes information of the direction of intra

picture direction together with the compression data of the residual signal.  

[0018] In the moving picture prediction encoding device described above, the prediction 

signal generation means may selectively carry out the interpolation process of the reference 

samples or a smoothing process of the reference samples, based on a comparison between the 

key reference samples and a predetermined threshold.  

[0019] In the moving picture prediction encoding device described above, the reference 

samples may be such reference samples as located at the end of the reference sample group, 

and the interpolation process may be a bilinear interpolation process performed on the 

reference samples between the key reference samples.  

[0020] A moving picture prediction decoding device according to an aspect of the present 

disclosure includes decoding means for decoding, from encoded compression data for a 

plurality of divided blocks, information of a direction of intra-picture prediction to be used in 

intra-picture prediction of a target block to be decoded and a compressed residual signal, 

prediction signal generation means for generating an intra-picture prediction signal using the 

information of the direction of the intra-picture prediction and previously reconstructed 

reference samples located adjacent to the target block, residual signal restoration means for 

restoring a reconstructed residual signal of the target block from the compressed residual 

signal, and block storage means for restoring a pixel signal of the target block by adding the 

prediction signal to the reconstructed residual signal, and storing the reconstructed pixel 

signal of the target block to be used as reference samples. The prediction signal generation 

means derives reference samples from previously reconstructed blocks stored in the block 

storage means, which neighbour the target block, selects two or more key reference samples 

from the reference samples, performs an interpolation process between the key reference 

samples for generating interpolated reference samples, and generates the intra-picture 

prediction signal by extrapolating the interpolated reference samples based on the direction of 

the intra-picture prediction.  

P137034/10898194
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[0021] In the moving picture prediction decoding device described above, the prediction 

signal generation means may selectively carry out an interpolation process of the reference 

samples or a smoothing process of the reference samples, based on a comparison between the 

key reference samples and a predetermined threshold.  

[0022] In the moving picture prediction decoding device described above, the reference 

samples may be such reference samples as located at the end of a reference sample group, and 

the interpolation process may be a bilinear interpolation process performed on the reference 

samples between the key reference samples.  

[0023] The present invention may be taken as relating to a moving picture prediction 

encoding method, to a moving picture prediction decoding method, to a moving picture 

prediction encoding program, and to a moving picture prediction decoding program, and can 

be described as follows.  

[0024] A moving picture prediction encoding method according to an aspect of the present 

disclosure is executed by a moving picture prediction encoding device. The moving picture 

prediction encoding method includes a block division step of dividing an input image into a 

plurality of blocks, a prediction signal generation step of generating, using previously 

reconstructed reference samples located adjacent to a target block to be encoded among the 

divided blocks from the block division step, an intra-picture prediction signal of a block 

having a higher correlation with the target block, a residual signal generation step of 

generating a residual signal between the prediction signal of the target block and the pixel 

signal of the target block, a residual signal compression step of compressing the residual 

signal generated in the residual signal generation step, a residual signal restoration step of 

generating a reconstructed residual signal by restoring the compressed residual signal, an 

encoding step of encoding the compressed residual signal, and a block storage step of 

restoring the pixel signal of the target block by adding the prediction signal to the 

reconstructed residual signal, and storing the reconstructed pixel signal of the target block to 

be used as reference samples. In the prediction signal generation step, reference samples are 

derived from previously reconstructed blocks, which are stored and neighbour the target 

block, two or more key reference samples are selected from the reference samples, an 

interpolation process is performed between the key reference samples for generating 

interpolated reference samples, a direction of intra-picture prediction is determined, and the 

intra-picture prediction signal is generated by extrapolating the interpolated reference samples 

P137034/10898194
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based on the determined direction of the intra-picture prediction. In the encoding step, 

information of the direction of the intra-picture prediction is encoded together with the 

compression data of the residual signal.  

[0025] A moving picture prediction decoding method according to an aspect of the present 

disclosure is executed by a moving picture prediction decoding device. The moving picture 

prediction decoding method includes a decoding step of decoding, from encoded compression 

data for a plurality of divided blocks, information of a direction of intra-picture prediction to 

be used in intra-picture prediction of a target block to be decoded and a compressed residual 

signal, a prediction signal generation step of generating an intra-picture prediction signal 

using the information of the direction of the intra-picture prediction and previously 

reconstructed reference samples located adjacent to the target block, a residual signal 

restoration step of restoring a reconstructed residual signal of the target block from the 

compressed residual signal, and a block storage step of restoring a pixel signal of the target 

block by adding the prediction signal to the reconstructed residual signal, and storing the 

reconstructed pixel signal of the target block to be used as reference samples. In the 

prediction signal generation step, reference samples are derived from previously reconstructed 

blocks, which are stored and neighbour the target block, two or more key reference samples 

are selected from the reference samples, an interpolation process is performed between the 

key reference samples for generating interpolated reference samples, and the intra-picture 

prediction signal is generated by extrapolating the interpolated reference samples based on the 

direction of the intra-picture prediction.  

[0026] A moving picture prediction encoding program according to an aspect of the present 

disclosure causes a computer to function as block division means for dividing an input image 

into a plurality of blocks, prediction signal generation means for generating, using previously 

reconstructed reference samples located adjacent to a target block to be encoded among the 

divided blocks from the block division means, an intra-picture prediction signal of a block 

having a higher correlation with the target block, residual signal generation means for 

generating a residual signal between the prediction signal of the target block and the pixel 

signal of the target block, residual signal compression means for compressing the residual 

signal generated by the residual signal generation means, residual signal restoration means for 

generating a reconstructed residual signal by restoring the compressed residual signal, 

encoding means for encoding the compression data of the residual signal, and block storage 

means for restoring the pixel signal of the target block by adding the prediction signal to the 

P137034/10898194
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reconstructed residual signal, and storing the reconstructed pixel signal of the target block to 

be used as the reference sample. The prediction signal generation means derives reference 

samples from previously reconstructed blocks stored in the block storage means, which 

neighbour the target block, selects two or more key reference samples from the reference 

samples, performs an interpolation process between the key reference samples for generating 

interpolated reference samples, determines a direction of intra-picture prediction, and 

generates the intra-picture prediction signal by extrapolating the interpolated reference 

samples based on the determined direction of the intra-picture prediction. The encoding 

means encodes information of the direction of intra-picture direction together with the 

compression data of the residual signal.  

[0027] A moving picture prediction decoding program according to an aspect of the present 

disclosure causes a computer to function as decoding means for decoding, from encoded 

compression data for a plurality of divided blocks, information of a direction of intra-picture 

prediction to be used in intra-picture prediction of a target block to be decoded and a 

compressed residual signal, prediction signal generation means for generating an intra-picture 

prediction signal using the information of the direction of the intra-picture prediction and 

previously reconstructed reference samples located adjacent to the target block, residual 

signal restoration means for restoring a reconstructed residual signal of the target block from 

the compressed residual signal, and block storage means for restoring the pixel signal of the 

target block by adding the prediction signal to the reconstructed residual signal, and storing 

the reconstructed pixel signal of the target block to be used as reference samples. The 

prediction signal generation means derives reference samples from previously reconstructed 

blocks stored in the block storage means, which neighbour the target block, selects two or 

more key reference samples from the reference samples, performs an interpolation process 

between the key reference samples for generating interpolated reference samples, and 

generates the intra-picture prediction signal by extrapolating the interpolated reference 

samples based on the direction of the intra-picture prediction.  

[0028] With the filter process applied on the reference samples by bilinear interpolation in 

accordance with the present disclosure, the signals in the reference samples are made 

gradually changed using samples at both ends of the reference samples, thereby suppressing 

such artificial noise as contouring artifacts.  

P137034/10898194
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[0028A] According to an aspect of the present disclosure, there is provided a moving picture 

prediction encoding device comprising: block division means for dividing an input image into 

a plurality of blocks; prediction signal generation means for generating an intra-picture 

prediction signal of a block having high correlation with a target block to be encoded using 

previously reconstructed reference samples located adjacent to the target block among the 

divided blocks from the block division means; residual signal generation means for generating 

a residual signal between the intra-picture prediction signal of the target block and a pixel 

signal of the target block; residual signal compression means for compressing the residual 

signal generated by the residual signal generation means; residual signal restoration means for 

generating a reconstructed residual signal from the compressed residual signal; encoding 

means for encoding the compressed residual signal; and block storage means for storing a 

reconstructed pixel signal of the target block to be used as reference samples, wherein the 

pixel signal of the target block is reconstructed by adding the intra-picture prediction signal 

with the reconstructed residual signal, and wherein the prediction signal generation means 

derives reference samples from previously reconstructed blocks, stored in the block storage 

means, which neighbour the target block, performs an interpolation process between two or 

more key reference samples located at predetermined positions among the reference samples 

for generating interpolated reference samples, determines an intra prediction mode, and 

generates the intra-picture prediction signal by extrapolating the interpolated reference 

samples based on the determined intra prediction mode, and the encoding means encodes the 

intra prediction mode together with the compression data of the residual signal.  

[0028B] According to an aspect of the present disclosure, there is provided a moving picture 

prediction decoding device comprising: decoding means for decoding, from encoded 

compression data for a plurality of divided blocks, an intra prediction mode indicating an 

intra-picture prediction method of a target block to be decoded, and a compressed residual 

signal; prediction signal generation means for generating an intra-picture prediction signal 

using the intra prediction mode and previously reconstructed reference samples located 

adjacent to the target block; residual signal restoration means for restoring a reconstructed 

residual signal of the target block from the compressed residual signal; and block storage 

means for restoring a pixel signal of the target block by adding the prediction signal to the 

reconstructed residual signal, and storing the reconstructed pixel signal of the target block to 

be used as reference samples, wherein the prediction signal generation means derives 

reference samples from previously reconstructed blocks, stored in the block storage means, 
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which neighbour the target block, performs an interpolation process between two or more key 

reference samples located at predetermined positions among the reference samples for 

generating interpolated reference samples, and generates the intra-picture prediction signal by 

extrapolating the interpolated reference samples based on the intra prediction mode.  

[0028C] According to an aspect of the present disclosure, there is provided a moving picture 

prediction encoding method executed by a moving picture prediction encoding device, the 

moving picture prediction encoding method comprising: a block division step of dividing an 

input image into a plurality of blocks; a prediction signal generation step of generating, using 

previously reconstructed reference samples located adjacent to a target block to be encoded 

among the divided blocks from the block division step, an intra-picture prediction signal of a 

block having higher correlation with the target block; a residual signal generation step of 

generating a residual signal between the prediction signal of the target block and a pixel 

signal of the target block; a residual signal compression step of compressing the residual 

signal generated in the residual signal generation step; a residual signal restoration step of 

generating a reconstructed residual signal by restoring the compressed residual signal; an 

encoding step of encoding the compressed residual signal; and a block storage step of 

restoring the pixel signal of the target block by adding the prediction signal to the 

reconstructed residual signal, and storing the reconstructed pixel signal of the target block to 

be used as reference samples, wherein in the prediction signal generation step, reference 

samples are derived from previously reconstructed blocks, which are stored and neighbour the 

target block, an interpolation process is performed between two or more key reference 

samples located at predetermined positions among the reference samples for generating 

interpolated reference samples, an intra prediction mode is determined, and the intra-picture 

prediction signal is generated by extrapolating the interpolated reference samples based on the 

determined intra prediction mode, and in the encoding step, the intra prediction mode is 

encoded together with the compressed residual signal.  

[0028D] According to an aspect of the present disclosure, there is provided a moving picture 

prediction decoding method executed by a moving picture prediction decoding device, the 

moving picture prediction decoding method comprising: a decoding step of decoding, from 

encoded compression data for a plurality of divided blocks, an intra prediction mode 

indicating an intra-picture prediction method of a target block to be decoded and a 

compressed residual signal; a prediction signal generation step of generating an intra-picture 

prediction signal using the intra prediction mode and previously reconstructed reference 
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samples located adjacent to the target block; a residual signal restoration step of restoring a 

reconstructed residual signal of the target block from the compressed residual signal; and a 

block storage step of restoring a pixel signal of the target block by adding the prediction 

signal to the reconstructed residual signal, and storing the reconstructed pixel signal of the 

target block to be used as reference samples, wherein in the prediction signal generation step, 

reference samples are derived from previously reconstructed blocks, which are stored and 

neighbour the target block, an interpolation process is performed between two or more key 

reference samples located at predetermined positions among the reference samples for 

generating interpolated reference samples, and the intra-picture prediction signal is generated 

by extrapolating the interpolated reference samples based on the intra prediction mode.  

Brief Description of the Drawings 

[0029] Fig. 1 is a block diagram showing a moving picture prediction encoding device 

according to an embodiment of the present invention.  

Fig. 2 is a block diagram showing a moving picture prediction decoding device 

according to the embodiment of the present invention.  

Fig. 3 is a flowchart showing an intra-picture prediction method according to the 

embodiment of the present invention.  

Fig. 4 is a flowchart showing another example of the intra-picture prediction method 

according to the embodiment of the present invention.  

Fig. 5 is a diagram showing a hardware configuration of a computer for executing a 

program stored in a recording medium.  

Fig. 6 is an overview of the computer for executing a program stored in a recording 

medium.  

Fig. 7 is a diagram illustrating an example of reference samples used in intra-picture 

prediction.  

Fig. 8 is a flowchart showing an intra-picture prediction method in a conventional 

technique.  
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Fig. 9 is a diagram illustrating the relation between an original signal and a 

reconstructed signal in a flat region.  

Fig. 10 is a schematic diagram for explaining a motion estimation process in inter

picture prediction.  
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Fig. 11 is a schematic diagram for explaining intra-picture 

prediction by extrapolation of reference samples.  

Fig. 12 is a diagram illustrating another example of reference 

samples used in intra-picture prediction.  

5 Fig. 13 is a flowchart illustrating a process in a prediction signal 

generator 103 in Fig. 1.  

Fig. 14 is a flowchart illustrating a process in a prediction signal 

generator 208 in Fig. 2.  

Fig. 15 is a flowchart showing a second another example of the 

10 intra-picture prediction method according to the embodiment of the 

present invention.  

Fig. 16 is a block diagram showing a configuration of a moving 

picture prediction encoding program.  

Fig. 17 is a block diagram showing a configuration of a moving 

15 picture prediction decoding program.  

Embodiments of the Invention 

[0030] Embodiments of the present invention will be described below 

with reference to Fig. 1 to Fig. 7 and Fig. 13 to Fig. 17.  

[0031] Fig. 1 is a block diagram showing a moving picture prediction 

20 encoding device 100 according to an embodiment of the present 

invention. As shown in Fig. 1, the moving picture prediction encoding 

device 100 includes an input terminal 101, a block divider 102, a 

prediction signal generator 103, a frame memory 104, a subtractor 105, 

a transformer 106, a quantizer 107, an inverse quantizer 108, an inverse 

25 transformer 109, an adder 110, an entropy encoder 111, an output 

terminal 112, a block memory 113, and a loop filter 114. The 
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subtractor 105, the transformer 106, and the quantizer 107 function as 

"encoding means" recited in the claims. The inverse quantizer 108, the 

inverse transformer 109, and the adder 110 function as "decoding 

means" recited in the claims. The frame memory 104 functions as 

5 "image storage means", and the block memory 113 functions as "block 

storage means".  

[0032] The operation of the moving picture prediction encoding device 

100 configured as described above is described below. The signal of a 

moving picture composed of a plurality of images is input to the input 

10 terminal 101. The block divider 102 divides an image to be encoded 

into a plurality of regions. In the embodiment according to the present 

invention, as shown in the example in Fig. 7, the block size is not 

limited. A variety of block sizes and shapes may be coincidently 

defined in a picture. The block encoding order is described, for 

15 example, in Non Patent Literature 1. Next, a prediction signal is 

generated for a region to be encoded (hereinafter called "target block").  

In the embodiment according to the present invention, two types of 

prediction methods are used, namely, inter-picture prediction and 

intra-picture prediction. The prediction signal generation process in 

20 the prediction signal generator 103 is described later using Fig. 13.  

[0033] The subtractor 105 subtracts a prediction signal (through a line 

L103) from the signal of a target block (through a line L102) to generate 

a residual signal. The transformer 106 discrete-cosine transforms the 

residual signal. The quantizer 107 quantizes each transform 

25 coefficient. The entropy encoder 111 encodes the quantized transform 

coefficients and outputs, to the output terminal 112, the encoded 
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transform coefficients along with prediction information required to 

generate a prediction signal.  

[0034] In order to perform the intra-picture prediction or the 

inter-picture prediction on the subsequent target block, the compressed 

5 signal of the target block is inversely processed and decoded. More 

specifically, the quantized transform coefficients are inverse quantized 

by the inverse quantizer 108 and thereafter inversely discrete-cosine 

transformed by the inverse transformer 109, whereby the residual signal 

is reconstructed. The adder 110 adds the reconstructed residual signal 

10 to the prediction signal sent through the line L103 to reproduce the 

signal of the target block. The signal of the reconstructed block is 

stored in the block memory 113 for intra-picture prediction. A 

reconstructed image formed of the reconstructed signal is stored in the 

frame memory 104 after a block noise sufferred in the reconstructed 

15 image is removed by the loop filter 114.  

[0035] With reference to Fig. 13, the prediction signal process flow 

performed in the prediction signal generator 103 is explained. First, in 

step S302, prediction information required for inter-picture prediction is 

generated. Specifically, a reconstructed image that is previously 

20 encoded and thereafter reconstructed is used as a reference image.  

This reference image is searched for a motion vector and a reference 

picture that gives a prediction signal with the smallest difference from 

the target block. In this case, the target block is input through the line 

L102, and the reference image is input through a line L104. A 

25 plurality of images previously encoded and reconstructed are used as 

reference images. The details thereof are the same as in H.264 which 
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is the conventional technique or method shown in Non Patent Literature 

1.  

[0036] In step S303, prediction information required for intra-picture 

prediction is generated. As shown in Fig. 7, the previously 

5 reconstructed pixel values spatially adjacent to the target block are used 

to generate prediction signals in a plurality of intra-prediction 

directions. Then, the prediction direction (intra prediction mode) that 

gives a prediction signal with the smallest difference from the target 

block is selected. Here, the prediction signal generator 103 generates 

10 an intra-picture prediction signal by acquiring the previously 

reconstructed pixel signals within the same picture as reference samples 

from the block memory 113 through a line Li 13 and extrapolating these 

signals.  

[0037] Next, in step S304, a prediction method to be applied to the 

15 target block is selected from inter-picture prediction and intra-picture 

prediction. For example, one of the prediction methods that gives a 

prediction value with a small difference from the target block is 

selected. Alternatively, the two prediction methods may be actually 

performed until the end of the encoding processing, and the one may be 

20 selected which has a smaller evaluation value calculated from the 

relation between the produced encoding amount and the sum of absolute 

values of the encoded difference images. The selection information of 

the selected prediction method is sent as information required to 

generate a prediction signal to the entropy encoder 111 through a line 

25 L 112 for encoding and is then output from the output terminal 112 (step 

S305).  
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[0038] If the prediction method selected in step S306 is inter-picture 

prediction, a prediction signal is generated in step S307 based on motion 

information (the motion vector and the reference picture information).  

The generated inter-picture prediction signal is output to the subtractor 

5 105 through the line L103. In step S308, the motion information is 

sent as the information required to generate a prediction signal to the 

entropy encoder III through the line L 112 for encoding and is then 

output from the output terminal 112.  

[0039] If the prediction method selected in step S306 is intra-picture 

10 prediction, a prediction signal is generated in step S309 based on the 

intra prediction mode. The generated intra-picture prediction signal is 

output to the subtractor 105 through the line L103. In step S310, the 

intra prediction mode is sent as the information required to generate a 

prediction signal to the entropy encoder 111 through the line L 112 for 

15 encoding and is then output from the output terminal 112.  

[0040] The encoding method used in the entropy encoder 111 may be 

arithmetic encoding or may be variable length encoding.  

[0041] Fig. 2 is a block diagram of a moving picture prediction 

decoding device 200 according to an embodiment of the present 

20 invention. As shown in Fig. 2, the moving picture prediction decoding 

device 200 includes an input terminal 201, a data analyzer 202, an 

inverse quantizer 203, an inverse transformer 204, an adder 205, a 

prediction signal generator 208, a frame memory 207, an output 

terminal 206, a loop filter 209, and a block memory 215. The inverse 

25 quantizer 203 and the inverse transformer 204 function as "decoding 

means" recited in the claims. Any other means may be used as the 
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decoding means. The inverse transformer 204 may be omitted. The 

frame memory 207 functions as "image storage means", and the block 

memory 215 functions as "block storage means".  

[0042] The operation of the moving picture prediction decoding device 

5 200 configured as described above is described below. The 

compressed data that is compression encoded by the method described 

above is input from the input terminal 201. The compressed data 

includes a residual signal obtained by predicting and encoding a target 

block of a plurality of blocks from a divided image, as well as the 

10 information required to generate a prediction signal. As shown in the 

example in Fig. 7, the block size is not limited. A variety of block 

sizes and shapes may be coincidently defined in a picture. The block 

decoding order is described, for example, in Non Patent Literature 1.  

The information required to generate a prediction signal includes the 

15 prediction method selection information and the motion information (for 

inter-picture prediction) or the intra prediction mode (for intra-picture 

prediction).  

[0043] The data analyzer 202 decodes the residual signal of the target 

block, the information required to generate a prediction signal, and the 

20 quantization parameter from the compressed data. The inverse 

quantizer 203 inversely quantizes the decoded residual signal of the 

target block based on the quantization parameter (through a line L202).  

The inverse transformer 204 further inversely discrete-cosine transforms 

the inversely quantized residual signal. As a result, the residual signal 

25 is reconstructed. Next, the information required to generate a 

prediction signal is sent to the prediction signal generator 208 through a 
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line L206. The prediction signal generator 208 generates a prediction 

signal of the target block based on the information required to generate 

a prediction signal. A process of generating a prediction signal in the 

prediction signal generator 208 is described later using Fig. 14. The 

5 generated prediction signal is sent to the adder 205 through a line L208 

and is added to the reconstructed residual signal. The target block 

signal is thus reconstructed and output to the loop filter 209 through a 

line L205 and, at the same time, stored into the block memory 215 to be 

used for intra-picture prediction of subsequent blocks. The loop filter 

10 209 removes a block noise from the reconstructed signal input through 

the line L205. The reconstructed image having a block noise removed 

is stored into the frame memory 207 as a reconstructed image to be used 

for decoding and reproducing subsequent images.  

[0044] The prediction signal processing flow performed in the 

15 prediction signal generator 208 is described using Fig. 14. First, in 

step S402, the prediction method decoded by the data analyzer 202 is 

derived.  

[0045] If the decoded prediction method is inter-picture prediction (step 

S403), the motion information (the motion vector and the reference 

20 picture information) decoded by the data analyzer 202 is derived (step 

S404). The frame memory 207 is accessed based on the motion 

information to derive a reference signal from a plurality of reference 

images, and a prediction signal is generated (step S405).  

[0046] If the decoded prediction method is intra-picture prediction (step 

25 S403), the intra prediction mode decoded by the data analyzer 202 is 

derived (step S406). The block memory 215 is accessed to derive 
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previously reconstructed pixel signals located adjacent to the target 

block as reference samples, and a prediction signal is generated based 

on the intra prediction mode (step S407). The generated prediction 

signal is output to the adder 205 through L208.  

5 [0047] The decoding method used in the data analyzer 202 may be 

arithmetic decoding or may be variable length decoding.  

[0048] Next, the intra-picture prediction method in the embodiment of 

the present invention is described using Fig. 3 and Fig. 7. Specifically, 

the details of step S309 in Fig. 13 and step S407 in Fig. 14 are 

10 described, which include a method of estimating the intra prediction 

samples in a target block by extrapolation based on the intra prediction 

mode using the reference samples derived from the block memory 113 

in Fig. I or the block memory 215 in Fig. 2.  

[0049] In the present invention, in order to suppress noise such as 

15 contouring artifacts described previously in the Technical Problem 

section, a bilinear interpolation process is applied to a group of 

reference samples used in the intra-picture prediction with respect to the 

block that suffers contouring artifacts. An appearance of step-like 

noise at the block boundary of the reference sample group is suppressed 

20 by making the signal of the reference sample group smoothly change.  

[0050] The bilinear interpolation process applied to the reference 

sample group is described using Fig. 7. When a target block 210 has a 

block size of NxN samples, the neighbouring reference sample group 

270 of 4N+1 reference samples (ref[x] (x = 0 to 4N)) is formed with the 

25 previously reconstructed signals belonging to five previously 

reconstructed blocks 220, 230, 240, 250, and 260. In the present 
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embodiment, three reference samples located at the ends of the 

reference sample group 270, namely, the bottom-left reference sample 

BL = ref{O] and the above-right reference sample AR = ref{4N], and the 

above-left reference sample AL = ref[2N] located at the center of the 

5 reference sample group 270 and upper left of the target block are 

defined as key reference samples of bilinear interpolation. Here, the 

4N+l reference samples are interpolated as follows.  

ref'[0]= ref[0] (1) 

ref'[i]=BL + (i*(AL -BL)+N)/2N (i=lto2N- 1) (2) 

10 ref'[2N] = ref[2N] (3) 

ref'[2N + i] = AL + (i*(AR - AL) + N) / 2N (i = 1 to 2N - 1) (4) 

ref'[4N] = ref{4N] (5) 

where, ref'[x] (x = 0 to 4N) represents the values of the interpolated 

reference samples. Equations (2) and (4) may be transformed to 

15 Equation (2)' and (4)', respectively.  

ref'[i]= ((2N - i)*BL + i*AL + N) / 2N (i = 1 to 2N - 1) (2)' 

ref'[2N + i]= ((2N - i)*AL + i*AR + N) / 2N (i= to 2N - 1) (4)' 

[0051] The reference sample values between BL and AL are generated 

with key reference samples BL and AL by bilinear interpolation, and the 

20 reference sample values between AL and AR are generated with key 

reference samples AL and AR by bilinear interpolation, resulting in that 

the levels of the interpolated reference samples values are made 

smoothly changed. As a result, propagation of block noise to the 

prediction signal can be suppressed.  

25 [0052] Next, the criteria for determining whether the bilinear 

interpolation should be applied to the reference samples are described 
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using Fig. 7. In the present embodiment, the determination is made 

using the three key reference samples and two reference samples at the 

block boundary, and two thresholds. THRESHOLDABOVE and 

THRESHOLDLEFT are thresholds used in determining whether the 

5 bilinear interpolation should be applied to the reference samples refix] 

(x = 2N + 1 to 4N - 1) on the upper position and the reference samples 

reflx] (x = I to 2N - 1) on the left position, respectively, with respect to 

the target block. The bilinear interpolation is applied to the reference 

sample that satisfies the determination criteria.  

10 [0053] In the present embodiment, the determination criteria below are 

used. InterpolateAbove and InterpolateLeft in the two equations 

below are Boolean values. When the right side is satisfied, true (1) 

holds, and the bilinear interpolation is applied. When the right side is 

not satisfied, false (0) holds, and intra smoothing by the conventional 

15 121 filter is applied.  

InterpolateLeft = abs(BL + AL - 2*ref[N])< THRESHOLDLEFT 

(6) 

InterpolateAbove = abs(AL + AR - 2*ref[3N]) < 

THRESHOLDABOVE (7) 

20 When the values of BL, AL, and reft3N] are on a straight line, 

the value of BL + AL - 2*ref{N] is zero. Similarly, when the values of 

AL, AR, and ref{3N] are on a straight line, the value of AL + AR 

2*ref{3N] is also zero. In other words, the two equations above 

compare the magnitude of deviation of ref[N] from the straight line 

25 connecting BL and AL and the magnitude of deviation of ref[3N] from 

the straight line connecting AL and AR, with the respective thresholds.  
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If the calculated two deviations are smaller than the corresponding 

threshold THRESHOLD-ABOVE or THRESHOLD-LEFT, the 

Boolean value (InterpolateAbove or InterpolateLeft) is true, and the 

bilinear interpolation is applied to the reference sample. In Equations 

5 (6) and (7), abs(x) calculates the absolute value of x.  

[0054] The values of the two thresholds (THRESHOLDABOVE and 

THRESHOLDLEFT) may be preset to fixed values, or may be 

encoded for each frame or for each slice having a plurality of blocks 

together, and decoded by the decoder. The values of the two 

10 thresholds may be encoded for each block and decoded by the decoder.  

In Fig. 2, the two thresholds are decoded by the data analyzer 202 and 

output to the prediction signal generator 208 for use in generating an 

intra-picture prediction signal detailed below in Fig. 3 and Fig. 4.  

[0055] Fig. 3 shows a flowchart of a process of estimating the intra 

15 prediction samples by extrapolation (in the directions of intra-picture 

prediction). First, in step S510, the prediction signal generator (103 or 

208, the reference numeral is hereinafter omitted) derives the reference 

samples reflx] (x = 0 to 4N) as shown in the pixel group 270 in Fig. 7 

from the block memory (113 or 215, the reference numeral is 

20 hereinafter omitted). If the neighbouring blocks have not yet been 

reconstructed because of the encoding order or other reasons, and all of 

the 4N+l samples cannot be derived, the missing samples are 

substituted by the padding process (the values of the neighbouring 

samples are copied), whereby 4N+l1 reference samples are prepared.  

25 The details of the padding process are described in Non Patent 

Literature 1. Next, in step 560, two Boolean values InterpolateAbove 
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and InterpolateLeft are calculated with Equations (6) and (7).  

[0056] Next, in step 520, the prediction signal generator determines 

whether the target block satisfies the determination criteria for applying 

the bilinear interpolation. Specifically, it is determined whether the 

5 size of the target block is greater than a predetermined M, and it is also 

determined whether the calculated InterpolateAbove and 

InterpolateLeft are both true. The reason why the block size is set as 

a determination criterion is because the problem of contouring artifacts 

is likely to occur in a block of a large size. The test for determining 

10 whether the size of a block is larger than the large value M helps avoid 

performing unnecessary changes to the reference samples.  

[0057] If the two determination criteria are satisfied (block size >= M 

and InterpolateAbove == true and InterpolateLeft =- true), the 

process proceeds to step 530. If not satisfied, the process proceeds to 

15 step 540. In step 530, the bilinear interpolation process shown by 

Equations (1) to (5) is applied to the reference samples ref[x] (x = 0 to 

4N) to generate the interpolated reference samples ref'[x] (x = 0 to 4N).  

In step 540, according to Equations (8) and (9), intra smoothing by the 

121 filter is applied to the reference samples reftx] (x = 0 to 4N).  

20 ref'[i]= reffi] (i = 0 and 4N) (8) 

ref'[il= (refi - 1]+ 2*refi]+ refi+ 1] + 2) / 4 (i = I to 4N - 1) (9) 

, where ref'[xj ( x = 0 to 4N) represents the values of the smoothed 

reference samples.  

[0058] Finally, in step 550, the intra prediction samples of the target 

25 block are estimated by extrapolation (in the direction of intra-picture 

prediction) using the already determined intra prediction mode and the 
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interpolated or smoothed reference samples ref'[x] (x = 0 to 4N).  

[0059] Fig. 4 further illustrates the details of Fig. 3 and shows a 

flowchart of a process of estimating the intra prediction sample by 

extrapolation (in the direction of intra-picture prediction) in a case 

5 where the switching between the bilinear interpolation and the 121 filter 

is carried out separately and independently for the left reference samples 

(ref[x], x = 0 to 2N) and the upper reference samples (reflx], x = 2N to 

4N). First, in step 610, the prediction signal generator (103 or 208, the 

reference numeral is hereinafter omitted) derives reference samples 

10 refjx] (x = 0 to 4N) as shown in the pixel group 270 in Fig. 7 from the 

block memory (113 or 215, the reference numeral is hereinafter 

omitted). If the neighbouring blocks have not yet been reconstructed 

because of the encoding order or other reasons, and all the 4N+l 

reference samples cannot be derived, the missing samples are 

15 substituted by the padding process (the values of the neighbouring 

samples are copied), whereby 4N+1 reference samples are prepared.  

The details of the padding process are described in Non Patent 

Literature 1.  

[0060] Next, in step 680, the two Boolean values InterpolateAbove 

20 and InterpolateLeft are calculated with Equations (6) and (7).  

[0061] Next, in step 620, the prediction signal generator determines 

whether the target block satisfies the criteria for applying the bilinear 

interpolation. Specifically, it is determined whether the size of the 

target block is greater than the predetermined value M, and it is also 

25 determined whether at least one of the calculated InterpolateAbove and 

Interpolate-Left is true. If these two determination criteria are 
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satisfied (block size >= M and InterpolateAbove == true or 

Interpolate-Left. -- true), the process proceeds to step 625. If not 

satisfied, the process proceeds to step 660. In step 660, intra 

smoothing by the 121 filter is applied to the reference sample group 

5 with Equations (8) and (9).  

[0062] In step 625, it is determined whether the determination criterion, 

as shown in Equation (6), for applying the bilinear interpolation for the 

left reference samples is satisfied. Specifically, if Interpolate-Left is 

true (1), the process proceeds to step 630, and the bilinear interpolation 

10 process shown in Equations (1) and (2) is applied to the reference 

samples ref[x] (x = 0 to 2N) to generate the interpolated reference 

samples ref'[x] (x = 0 to 2N). If the determination criterion in 

Equation (6) is not satisfied, the process proceeds to step 635, and intra 

smoothing by the 121 filter is applied to the left reference samples ref[x] 

15 (x = 0 to 2N) with Equations (10) and (11).  

ref'[0] =ref[0] (10) 

ref'[i] = (ref[i - 1] + 2*refli] + refli + 1] + 2) / 4 (i = 1 to 2N - 1) 

(11) 

where ref'[x] (x = 0 to 2N) represents the values of the smoothed 

20 reference samples.  

[0063] Next, in step 640, it is determined whether the determination 

criterion, as shown in Equation (7), for applying the bilinear 

interpolation for the upper reference samples is satisfied. Specifically, 

if InterpolateAbove is true (1), the process proceeds to step 650, and 

25 the bilinear interpolation process is applied to the upper reference 

samples refli] (i = 2N + 1 to 4N) with Equations (3), (4), and (5). If 

28



FP12-073 1-00 

the determination criterion in Equation (7) is not satisfied, the process 

proceeds to step 655, and intra smoothing by the 121 filter is applied to 

the upper reference samples reftx] (x = 2N + I to 4N) based on 

Equations (12), (13), and (14).  

5 ref'[2N] = ref[2N] (12) 

ref'[i] = (refti - 1] + 2*refti] + refti + 1] + 2) / 4 (i = 2N + I to 4N - 1) 

(13) 

ref'[4N]= ref[4N] (14) 

, where ref'[x] (x = 2N + 1 to 4N) represents the values of the smoothed 

10 reference values.  

[0064] Finally, in step 670, the intra prediction samples of the target 

block are estimated by extrapolation (in the direction of intra-picture 

prediction) using the already determined intra prediction mode and the 

interpolated or smoothed reference samples ref'[x] (x = 0 to 4N). For 

15 extrapolation, when a line is projected in the direction of intra prediction 

toward the interpolated or smoothed reference samples from the 

position of the sample in the target block to be extrapolated, the 

interpolated or smoothed reference samples that are located close to the 

projected line are used.  

20 [0065] A moving picture prediction encoding program for causing a 

computer to function as the moving picture prediction encoding device 

100 described above can be provided in a recording medium.  

Similarly, a moving picture prediction decoding program for causing a 

computer to function as the moving picture prediction decoding device 

25 200 described above can be provided in a recording medium.  

Examples of the recording medium include a recording medium such as 
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a USB memory, a flexible disk, a CD-ROM, a DVD, or a ROM, and a 

semiconductor memory.  

[0066] For example, as shown in Fig. 16, a moving picture prediction 

encoding program P100 includes a block division module P101, a 

5 prediction signal generation module P102, a residual signal generation 

module P103, a residual signal compression module P104, a residual 

signal restoration module P105, an encoding module P106, and a block 

storage module P107.  

[0067] For example, as shown in Fig. 17, a moving picture prediction 

10 decoding program P200 includes a decoding module P201, a prediction 

signal generation module P202, a residual signal restoration module 

P203, and a block storage module P204.  

[0068] The moving picture prediction encoding program P100 or the 

moving picture prediction decoding program P200 configured in this 

15 manner is stored in a recording medium 10 shown in Fig. 5 and Fig. 6 

described later and is executed by a computer described later.  

[0069] Fig. 5 is a diagram showing a hardware configuration of a 

computer 30 for executing a program stored in a recording medium, and 

Fig. 6 is an overview of the computer 30 for executing a program stored 

20 in a recording medium. The computer 30 referred to here broadly 

includes a DVD player, a set-top box, a mobile phone, and the like, 

which are equipped with a CPU for performing information processing 

or control by software.  

[0070] As shown in Fig. 6, the computer 30 includes a reader 12 such 

25 as a flexible disk drive, a CD-ROM drive, or a DVD drive, a working 

memory (RAM) 14 having a resident Operating System, a memory 16 
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for storing a program stored in the recording medium 10, a display 

device 18 such as a display, a mouse 20 and a keyboard 22 serving as 

input devices, a communication device 24 for transmitting/receiving 

data, and a CPU 26 for controlling execution of a program. When the 

5 recording medium 10 is inserted to the reader 12, the computer 30 can 

access the moving picture prediction encoding program stored in the 

recording medium 10 from the reader 12 and can operate as the moving 

picture prediction encoding device 100 described above with the 

moving picture prediction encoding program. Similarly, when the 

10 recording medium 10 is inserted to the reader 12, the computer 30 can 

access the moving picture prediction decoding program stored in the 

recording medium 10 from the reader 12 and can operate as the moving 

picture prediction decoding device 200 described above with the 

moving picture prediction decoding program.  

15 [0071] The present invention may take the following modifications: 

[0072] (A) Determination Criteria for Applying Bilinear Interpolation 

The determination criteria for applying the bilinear interpolation 

are not limited to the method discussed in the foregoing embodiment.  

For example, supposing that the result of determination for applying 

20 interpolation is always true, steps 520, 620, 625, and 640 may be 

omitted. In this case, the interpolation process is always applied in 

place of the smoothing process by the 121 filter.  

[0073] The intra prediction mode may be added to the determination 

criteria. For example, contouring artifacts at the block boundary are 

25 alleviated by a block noise removing process, and therefore, the result 

of determination for applying the interpolation process may be always 
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false when the prediction direction of the extrapolation process is 

vertical or horizontal.  

[0074] The block size test may be eliminated from the determination 

criteria. The correlation of block size between the target block and the 

5 neighbouring block may be used as a determination criterion in place of 

the block size of the target block. In the example in Fig. 7, the block 

size of the block 260 located adjacent on the left of the target block 210 

is larger than the target block 210. In this case, a block noise does not 

occur around ref{N]. When the block size of the neighbouring block is 

10 larger than the target block in this manner, the determination criterion 

for applying interpolation may be false irrespective of the result in 

Equation (6) or (7). On the other hand, the blocks 230, 240, and 250 

located adjacent above the target block 210 are smaller than the target 

block 210. In this case, interpolation application is determined 

15 depending on the result of Equation (6) or (7) because it is possible that 

a block noise occurs around ref[3N] or ref{2N + N/2]. The correlation 

in block size between the target block and the neighbouring block may 

be used as a determination criterion together with the block size of the 

target block.  

20 [0075] The thresholds (THRESHOLDABOVE and 

THRESHOLDLEFT) in Equations (6) and (7) may be defamed 

separately for different block sizes and block shapes (differences in 

block vertical and horizontal sizes) or different intra prediction modes 

and encoded, and reconstructed by the decoder. Alternatively, the 

25 values of THRESHOLDABOVE and THRESHOLDLEFT may be 

set to the same value, only one of which is encoded and decoded by the 
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decoder. In the decoder, the threshold reconstructed by the data 

analyzer 202 in Fig. 2 is input to the prediction signal generator 208.  

In the prediction signal generator 208, the values of InterpolateAbove 

and InterpolateLeft are calculated based on the input threshold (step 

5 560 in Fig. 3 or step 680 in Fig. 4).  

[0076] Instead of providing the determination criteria in steps 520, 620, 

625, and 640, the determination result may be included in the bit stream 

to be encoded and decoded by the decoder. In this case, in the 

prediction signal generator 103 in Fig. 1, the values (0 or 1) of 

10 InterpolateAbove and InterpolateLeft, the two values, are obtained 

based on the size of the target block and the results in Equation (6) and 

(7) and are encoded as prediction information necessary to predict each 

block or each block group consisting of a plurality of blocks. In other 

words, those values are sent to the entropy encoder 111 through the line 

15 L112 for encoding and then output from the output terminal 112.  

When the values (0 or 1) of InterpolateAbove and InterpolateLeft are 

derived, the correlation of block size between the target block and the 

neighbouring block and the size of the target block, and the intra 

prediction mode as described above may be used.  

20 [0077] In the data analyzer 202 in Fig. 2, the values of 

InterpolateAbove and InterpolateLeft are decoded for each block or 

for each block group consisting of a plurality of blocks and are input to 

the prediction signal generator 208. Those two values may be 

separately encoded and decoded, or the two values may be encoded and 

25 decoded as a set.  

[0078] The process of the intra-picture prediction method performed in 
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the prediction signal generator 208 in Fig. 2 is described using Fig. 15.  

In this case, Fig. 15 replaces Fig. 4. In Fig. 14, in step S406, the 

values of InterpolateAbove and InterpolateLeft decoded together with 

the intra prediction mode are derived. First, in step 710, the prediction 

5 signal generator (103 or 208, the reference numeral is hereinafter 

omitted) derives the reference samples reftx] (x = 0 to 4N), as shown in 

the pixel group 270 in Fig. 7, from the block memory (113 or 215, the 

reference numeral is hereinafter omitted). If the neighbouring blocks 

have not yet been reconstructed because of the encoding order or other 

10 reasons, and all the 4N+ 1 reference samples cannot be derived, the 

missing samples are substituted through the padding process (the values 

of the neighbouring samples are copied), whereby 4N+1 reference 

samples are prepared. The details of the padding process are described 

in Non Patent Literature 1.  

15 [0079] Next, in step 790, the values of InterpolateAbove and 

Interpolate_Left are derived. In step 720, the prediction signal 

generator determines whether either InterpolateAbove or the value of 

Interpolate-Left takes a value "1". If either takes a value "1", the 

process proceeds to step 725. If not satisfied, the process proceeds to 

20 step 760.. In step 760, intra smoothing by the 121 filter is applied to 

the reference sample group with Equations (8) and (9).  

[0080] In step 725, if the value of Interpolate-Left is "1", the process 

proceeds to step 730, and the bilinear interpolation process shown in 

Equations (1) and (2) is applied to the reference samples ref[x] (x = 0 to 

25 2N) to generate the interpolated reference samples ref'[xj (x = 0 to 2N).  

If the value of InterpolateLeft is "0", the process proceeds to step 735, 
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and intra smoothing by the 121 filter is applied to the left reference 

samples ref[x] (x = 0 to 2N) with Equations (10) and (11).  

[0081] Next, in step 740, if the value of InterpolateAbove is "1", the 

process proceeds to step 750, and the bilinear interpolation process is 

5 applied to the upper reference samples refji] (i = 2N + 1 to 4N) with 

Equations (3), (4), and (5). If the value of InterpolateAbove is "0", 

the process proceeds to step 755, and intra smoothing by the 121 filter is 

applied to the left reference samples reflx] (x = 2N + 1 to 4N) with 

Equations (12), (13), and (14).  

10 [0082] Finally, in step 770, the intra prediction samples of the target 

block are estimated by extrapolation (in the direction of intra-picture 

prediction) using the decoded intra prediction mode and the interpolated 

or smoothed reference samples ref'[x] (x= 0 to 4N).  

[0083] (B) Interpolation Process 

15 In the description above, the bilinear interpolation is used in the 

interpolation process. However, another interpolation process may be 

used as long as a noise at the block boundary can be removed. For 

example, all the reference samples may be replaced with the mean value 

of the key reference samples. The interpolation process method may 

20 be changed according to the block size or the intra-picture prediction 

type The interpolation process method to be applied may be included 

in the bit stream to be encoded and decoded.  

[0084] (C) Process Flow of Intra-Picture Prediction of Reference 

Samples 

25 The flow of the process of estimating the intra prediction 

samples by extrapolation (in the direction of intra-picture prediction) is 
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not limited to the procedure in Fig. 4. For example, steps 625, 630, 

and 635 and steps 640, 650, and 655 may be switched in their order.  

Equation (3) and Equation (12) may be carried out not in steps 650 and 

655 but in steps 630 and 635. Since the process results of Equations 

5 (1), (3), and (5) and Equations (10), (12), and (14) are the same, they 

may be carried out together immediately before step 625 (between steps 

620 and 625) or immediately after steps 650 and 655 (between step 650 

or 655 and step 670).  

[0085] The determination criteria in step 620 may only include the 

10 block size. In this case, Equation (12) may be replaced with Equations 

(15) and (16) because the process result is the same as that of Fig. 4.  

ref'[2N] = ref[2N] 

if InterpolateAbove == true InterpolateLeft == true (15) 

ref'[2N] = (reft2N - 1] + 2*ref[2N] + ref{2N + 1] + 2) / 4 

15 others (16) 

, where ref'[2N] represents the values of the smoothed reference 

sample.  

[0086] (D) Block Size 

In the description above, the target block is a square block.  

20 The interpolation process for the reference samples according to the 

present invention can be applied to a non-square block. An example of 

a target block 290 of a block size of Nx2N is shown in Fig. 12. In this 

case, the number of ref[x] is 3N + 1.  

[0087] (E) Key Reference Sample 

25 In the description above, the three key reference samples are 

located at the ends and the center of the reference sample group.  
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However, the number and the position are not limited thereto. For 

example, the number or position may be changed according to the size 

of the reference block or the correlation between the reference block 

and the neighbouring block. The number and position of the key 

5 reference samples may also be included in the bitstream to be encoded 

and decoded. The three key reference samples at the ends and the 

center of the reference sample group may be set as defaults, and 

whether to use the defaults or other key reference samples may be 

encoded as instruction information and decoded. In the data analyzer 

10 202 in Fig. 2, the key reference samples are updated. As the key 

reference samples to be updated, ref[N + N/2] and ref[2N + N/2] may 

be added in Fig. 7 or may be used in place of ref{2N]. Alternatively, 

ref{N/2] and ref[3N + N/2] may be used in place of ref[0] and ref[4N], 

and the 121 filter may be applied to reff[] to ref{N/2 - 1] and ref[3N + 

15 N/2] to ref{4N - 1].  

[0088] (F) Equations of Determination Criteria 

The determination equations used in steps 520, 620, 625,and 

640 are not limited to Equations (6) and (7). For example, ref[N + 1] 

and ref{3N + 1] may be used in place of ref{N] and ref[3N] in Fig. 7.  

20 List of Reference Signs 

[0089] 100: moving picture prediction encoding device; 101: input 

terminal; 102: block divider; 103: prediction signal generator; 104: 

frame memory; 105: subtractor; 106: transformer; 107: quantizer; 108: 

inverse quantizer; 109: inverse transformer; 110: adder; 111: entropy 

25 encoder; 112: output terminal; 113: block memory; 114: loop filter; 200: 

moving picture prediction decoding device; 201: input terminal; 202: 
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data analyzer; 203: inverse quantizer; 204: inverse transformer; 205: 

adder; 206: output terminal; 207: frame memory; 208: prediction signal 

generator; 209: loop filter; 215: block memory.  
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CLAIMS: 

1. A moving picture prediction encoding device comprising: 

block division means for dividing an input image into a plurality of blocks; 

prediction signal generation means for generating an intra-picture prediction signal 

of a block having high correlation with a target block to be encoded using previously 

reconstructed reference samples located adjacent to the target block among the divided 

blocks from the block division means; 

residual signal generation means for generating a residual signal between the 

intra-picture prediction signal of the target block and a pixel signal of the target block; 

residual signal compression means for compressing the residual signal generated by 

the residual signal generation means; 

residual signal restoration means for generating a reconstructed residual signal from 

the compressed residual signal; 

encoding means for encoding the compressed residual signal; and 

block storage means for storing a reconstructed pixel signal of the target block to be 

used as reference samples, wherein the pixel signal of the target block is reconstructed by 

adding the intra-picture prediction signal with the reconstructed residual signal, and 

wherein the prediction signal generation means derives reference samples from 

previously reconstructed blocks, stored in the block storage means, which neighbour the 

target block, performs an interpolation process between two or more key reference samples 

located at predetermined positions among the reference samples for generating interpolated 

reference samples, determines an intra prediction mode, and generates the intra-picture 

prediction signal by extrapolating the interpolated reference samples based on the determined 

intra prediction mode, and 

the encoding means encodes the intra prediction mode together with the 

compression data of the residual signal.  

2. The moving picture prediction encoding device according to claim 1, wherein the 
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key reference samples are three reference samples as located at an end and a center of a 

reference sample group, and the interpolation process is a bilinear interpolation process 

performed on the reference samples between the key reference samples.  

3. A moving picture prediction decoding device comprising: 

decoding means for decoding, from encoded compression data for a plurality of 

divided blocks, an intra prediction mode indicating an intra-picture prediction method of a 

target block to be decoded, and a compressed residual signal; 

prediction signal generation means for generating an intra-picture prediction signal 

using the intra prediction mode and previously reconstructed reference samples located 

adjacent to the target block; 

residual signal restoration means for restoring a reconstructed residual signal of the 

target block from the compressed residual signal; and 

block storage means for restoring a pixel signal of the target block by adding the 

prediction signal to the reconstructed residual signal, and storing the reconstructed pixel 

signal of the target block to be used as reference samples, wherein 

the prediction signal generation means derives reference samples from previously 

reconstructed blocks, stored in the block storage means, which neighbour the target block, 

performs an interpolation process between two or more key reference samples located at 

predetermined positions among the reference samples for generating interpolated reference 

samples, and generates the intra-picture prediction signal by extrapolating the interpolated 

reference samples based on the intra prediction mode.  

4. The moving picture prediction decoding device according to claim 3, wherein the 

key reference samples are three reference samples as located at an end and a center of a 

reference sample group, and the interpolation process is a bilinear interpolation process 

performed on the reference samples between the key reference samples.  
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5. A moving picture prediction encoding method executed by a moving picture 

prediction encoding device, the moving picture prediction encoding method comprising: 

a block division step of dividing an input image into a plurality of blocks; 

a prediction signal generation step of generating, using previously reconstructed 

reference samples located adjacent to a target block to be encoded among the divided blocks 

from the block division step, an intra-picture prediction signal of a block having higher 

correlation with the target block; 

a residual signal generation step of generating a residual signal between the 

prediction signal of the target block and a pixel signal of the target block; 

a residual signal compression step of compressing the residual signal generated in 

the residual signal generation step; 

a residual signal restoration step of generating a reconstructed residual signal by 

restoring the compressed residual signal; 

an encoding step of encoding the compressed residual signal; and 

a block storage step of restoring the pixel signal of the target block by adding the 

prediction signal to the reconstructed residual signal, and storing the reconstructed pixel 

signal of the target block to be used as reference samples, wherein 

in the prediction signal generation step, reference samples are derived from 

previously reconstructed blocks, which are stored and neighbour the target block, an 

interpolation process is performed between two or more key reference samples located at 

predetermined positions among the reference samples for generating interpolated reference 

samples, an intra prediction mode is determined, and the intra-picture prediction signal is 

generated by extrapolating the interpolated reference samples based on the determined intra 

prediction mode, and 

in the encoding step, the intra prediction mode is encoded together with the 

compressed residual signal.  

6. A moving picture prediction decoding method executed by a moving picture 
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prediction decoding device, the moving picture prediction decoding method comprising: 

a decoding step of decoding, from encoded compression data for a plurality of 

divided blocks, an intra prediction mode indicating an intra-picture prediction method of a 

target block to be decoded and a compressed residual signal; 

a prediction signal generation step of generating an intra-picture prediction signal 

using the intra prediction mode and previously reconstructed reference samples located 

adjacent to the target block; 

a residual signal restoration step of restoring a reconstructed residual signal of the 

target block from the compressed residual signal; and 

a block storage step of restoring a pixel signal of the target block by adding the 

prediction signal to the reconstructed residual signal, and storing the reconstructed pixel 

signal of the target block to be used as reference samples, wherein 

in the prediction signal generation step, reference samples are derived from 

previously reconstructed blocks, which are stored and neighbour the target block, an 

interpolation process is performed between two or more key reference samples located at 

predetermined positions among the reference samples for generating interpolated reference 

samples, and the intra-picture prediction signal is generated by extrapolating the interpolated 

reference samples based on the intra prediction mode.  
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