DESCRI PTI ON  ENCODI NG APPARATUS, ENCODI NG METHOD, PROGRAM FOR ENCODI NG
METHOD AND RECORDI NG MEDI UM WHI CH RECORDS PROGRAM FOR ENCODI NG  METHOD
BACKGROUND OF THE | NVENTI ON  TECHNI CAL FI ELD This invention relates to an
encodi ng apparatus, an encoding nmethod, a program for the encodi ng- nethod
and a recording nediumwhich records the programfor the encoding nethod,
capabl e of being applied to a video canera, an electronic still canmera, a
nonitoring device and the Iike which record inmaging results by notion

pi ctures. The invention detects the optinmum node of inter prediction nodes
based on a cost value with an integer pixel precision, calculates a cost
value with a precision | ess thamposterprxeln i n the opti mum node, and
detects the opti mum node of intra prediction nodes and the inter

pr edi ct i oBNOOUESG Abeambpugletmoidmgid heETopD, MERoTRA® byr Sivephbenpr ocessi ng
when perform ng encodi ng processing of video data by detecting the optinmm
node by aMEDEOD fAMDCRE@IRDIBSAKNGROUNPHART HREORDS| BROGRMCEORIENGODIRASM SSi on
and recording of noving pictures in broadcast stations, homes and the

| i ke, an MBPBa@patus which transmts and stores video data efficiently 1 by
utilizing redundancy of video data is becom ng popul ar.

BACKGROUND OF THE INVENTION
TECHNICAL FIELD

This invention relates to an encoding apparatus, an
encoding method, a program for the encoding method and a
recording medium which records the program for .the encoding
method, capable of being applied to a video camera, an
electronic still camera, a monitoring device and the like which
record imaging results by motion pictures. The invention
detects the optimum mode of inter prediction modes based on
a cost value with an integer pixel precision, calculates a cost
value with a pfecision less thaﬁ one pixel in the optimum mode,
and detects the optimum mode of intra prediction modes and the
-inter prediction modes, thereby detecting the optimum mode by

simple processing when performing encoding processing of video

~data by detecting the optimum mode by a cost function. -

BACKGROUND ART

Recently, concerning transmission and recording of
moving pictures in broadcast stations, homes and the like, an

'épparatus which transmits and stores video data efficiently




Such apparatus conplies with, for exanple, MPEG (Moving Picture Experts
G oup) systens and the like, which is configured so that video data is
-conpressed usi ng orthogonal transform such as discrete cosine transform
and notion conpensation. An MPEQ (1SO | EC 13818-2) which is one of such
systens is a systemdefined as a general - purpose video encodi ng system
which is defined so as to respond both to an interlaced scan and a
progressive scan, and so as to respond both to standard resolution

pi ctures and high definition pictures, thereby wdely used for broad
applications for professional use and consunmer use at present.

Speci fi cabyyutarcorsh ngdddeheyMPEGrideo f @4t £XaMYeRomdhdepogat ar whi ch has
the standard resolution wth the interlaced scan by 720x480 pixels is
conpr esseduthtappadatas ebmal bét wiahe ffr kdngpi@: [ MEES [ Moanty videarédat a whi ch
has the high resolution with the interlaced scan by 1920x1088 pixels is
conpr essedxpatos dataupof sgshehs raie Ofe 18 kko WRi¢MVhips|confiherabyosecuri ng
hi gh conpression rate with high video quality. However, the MPE&QR is the
hi gh vi debhgtatidep éacodisngompmeidredl adapy edthegbneddassts frrgm andh does not
respond to-a high conpression rate encodi ng net hod whose anmount of code is
smal | er thandiserdREGPsi@a thenofdren draghdotdsnpoctnpdhsatiar.m nal s have cone
into wide use in recent years, increase of needs for the high conpression
rate encodi ng et NEBGAhI 3D/ Ihasl Hid-2¢r whilunits ofie cafl esudhany shemd/PEGL can
be predicted. 2

is a systemdefined as a general-purpose video encoding system,
which is defined so as to respond both to an interlaced scan
and a progressive scan, and so as to respond both to standard
resolution pictures and high definition pictures, thereby
widely used for broad applications for professional use and
. consumer use at present. Specifically, according to the MPEG
2, for example, video data which has the standard resolution
with the interlaced scan by 720x480 pixels is compressed into
data of a bit rate of 4 to 8 [Mbps], and wvideo data which has
‘the high resolution with the interlaced scan by 1920x1088
pixels is compressed into data of a bit rate of 18 to 22 [Mbps],
thereﬁysecuringhighcompressionratewithhighvideoquality.
However, the MPEGZ is the high video quality encoding
method adapted to broadcasting, and does not respond to a high
compression rate encoding method whose amount of code is
smaller than the MPEG1. On the oﬁher hand, as portable
terminals have come into wide use in-recent years, increase
of needs for the high compression rate encoding method which

" has smal;er amount of code than the MPEGl can be predicted.




Accordi ngly, the standard of the encoding systemby the MPEG4 has been
approved as an international standard by ISO|EC (International

Organi zation for Standardi zation/International El ectrotechnical

Conmi ssion) 14496-2 on Decenber, 1998. Al so in such system

standardi zation of H26L (I TU T QB/16 VCEG which intended for video
encoding for a television conference at first has progressed, and H26L has
beconme capabl e of securing high encoding efficiency conpared with MEP&
and MPEG4 though the cal cul ati on anount increases conpared with MPE& and
MPE&A4. In addition, as one of actions of MPEX4, standardization of an
encodi ng gystedinlch tappstasdamt iodushe fanreliagss pasedbontidhepH26L and
secures further higher encoding efficiency has progressed as Joi nt Mdel
of Enhanted- Gespr eppironedi deoabodintgrndibesga By st &idahaviey bestyreset as the
i nternational standard by the nane of H264 and MPEG 4 Part 10 (AVC
Advanced Videer@uodiaowgl on March, 2003rddrng.zatioa a bl ock di agr &mxshowi ng an
encodi ng apparatus based on the AVC. The encodi ng apparatus 1 selects the
opti num predietdiomnnpdélfromatioall | Blecat preedhatican redes sandnpl ur al
inter prediction nodes, generates difference data by subtracting a

predi cti oA498fue drdwcgmhgrt 01PR8. sel ected prediction node from vi deo
data, and orthogonal transform processing, quantization processing and
vari abl e- | engt Rlssentpginl gurdeas s hyndaalizertiionnet HA ALt (T8 Udirf @@l énce dat a,

VCEG) which intended for video encoding for a television
conferenmaatfirsthasprogressed,andH2éLhasbecomecapable
- of securing high encoding efficiency compared with MEPG2 and
MPEG4 though the calculation amount increases compared with
MPEGZ and MPEG4. In addition, as one of actions of MPEGA4,
standardization of an encoding system which applies various
functions based on the H26L and secures further higher encoding
efficiency has progressed as Joint Model of
Enhanced-Compression Videé Coding. These systems have been
set as the international standard by the name of H264 and MPEG-4
Part 10 (AVC: Advanced Video Coding) on March, 2003.

Fig. 1 is a block diagram showing an encoding apparatus
based on the AVC. The encoding apparétus 1 selects the 0ptiréum
prediction mode from plural intra prediction modes and plural
inter prediction modes, generates difference data by
subtracting a prediction value according to the selected
prediction mode from video data, and orthogonal transform
processing, quantization processing and variab1e~length

encoding processing are performed on the difference data,




3 thereby perform ng encodi ng processing of the video data according to
the intra encoding and the inter encoding. Specifically, in the encoding
‘apparatus 1, an anal og-digital conversion circuit (A/D) 2 perforns

anal og-digital processing of a video signal SV to output a video data D
The video data DI outputted fromthe anal og-digital conversion circuit 2
is inputted to a picture sorting buffer 3, where franes of the video data
DI are sorted in accordance with a GOP (G oup of Pictures) structure
relating to the encoding processing of the encoding apparatus 1 to be
outputted. A subtracting circuit 4 receives the video data DI outputted
fromthe piHatrehe $Rriforsihyl feflcodingng 9088k 2h§S o8N heOUiRILS dutdi f ference
data D2 with respect to a prediction value generated in an intra

predi cti omcdor@ihty Bol fhé hent A réehACAG BFd thber@as; dnldedsubtracting
circuit 4 generates and outputs a difference data D2 with respect to a .
predi ction val uepgeneied ey, i nit hechdt | Ofcqdiadj Ctdpprreanmgendati am circuit 6
in the inter encoding. The output data D2 of the subtracting circuit 4 is
i nputted tamadngontfogenal ddrmansfsaom Cci¢Ctddit/, whene oet hogorm@rmst ransform
processi ng such as discrete cosine transform Karhunen-Loeve transformis
per f or ned arnelogt-gugital papskesimgodef ideéenstigdal # VD3 asctpudeng. deo t he
processing result. A quantization circuit 8 quantizes and outputs the

- data D1. The video data D1 cutputted from the analog-digital

conversion circuit 2 is inputted to a picture sorting buffer
3, where frames of the video data D1 are sorted in accordance
with a GOP (Group of Pictures) structure relating to the
éncoding processing of the encoding apparatus 1 to be
6utputted.

A subtracting circuit 4 receives the video data Dl
‘outputted from the picture sorting buffer 3, and generates and
outputs a difference data D2 with respect to a prediction value
generated in an intra prediction circuit 5 in the intra encoding,
whereas, the subtracting circuit 4 generates and outputs a
difference data D2 with respect to a prediction value generated

in the motion prediction/compensation circuit 6 in the inter

" encoding. The output data D2 of the subtracting circuit 4 is
'inputtedtx)anorthogonaltransformcircuit?,whereorthogonal
transform processing such as discrete cosine transform,

Karhunen-Loeve transform is performed to output a transform

coefficient data D3 according to the processing result.
A quantizatibn circuit 8 quantizes and outputs the

transform coefficient data D3 based on a quantization scale




transform coefficient data D3 based on a quanti zation scale 4 by rate
control of a rate control circuit 9. A lossless encoding circuit 10
performs. | ossl ess encodi ng processing of the output data of the

guanti zation circuit 8 by variable-length encoding, arithnetic encoding
~and the like, and outputs the data. The |ossless encoding circuit 10
acquires information concerning the intra prediction node relating to the
intra encoding, information concerning a notion vector relating to the
inter encoding and the like fromthe intra prediction circuit 5 and the
notion prediction/conpensation circuit 6, and sets these information as

header infor FakEORoAEraN o4t pUtradat &dM rbe Bereutpubteds Aostorage buffer
11 stores the output data D4 of the |[|ossless encoding circuit 10 and

out puts i knabdifi@NSHAESHON0 SRERATRf 18s sadieRhicabi hansdisTiey shannel . The
rate control circuit 9 nonitors the anmount of code generated by the

encodi ng theocesspiy bYafBNni b@ri kGeavaubableacdPaci &yroOfit hegstpyage
buffer 11 as well as switches the quantization scale in the quantization
circuit 8vaetepth-figergrH kaceBihlpringriesulct encbbeiehd aner 0k képg t he
anount of code in the encoding apparatus 1. An inverse quantization
circuit 13ngeptiopnssi mher Skataguanthe al o ol gsocessodichpf ciheaigut put dat a of
the quantization circuit 8, thereby playing the input data of the
guanti zat eoguires information concerning the intra prediction mode

relating to the intra encoding, information concerning a motion

vector relating to the inter encoding and the like from the

intra prediction circuit 5 and the motion

prediction/compensation circuit 6, and sets these information

as header information of an output data D4 to be outputted.

A storage buffer 11 stores the output data D4 of the
lossless encoding circuit 190 and outputs it at transmission
speed of a sequential transmission channel. The rate control
circuit 9 monitors the amount of code generated by the encoding
processing by monitoring available capacity of the storage
buffer 11 as well as switches the guantization scale in the

Iquantization circuit 8 according to the monitoring result,

thereby controlling the amount of code in the encoding

apparatus 1.
An inverse guantization circuit 13 performs inverse

quantization processing of the output data of the quantization

circuit 8, thereby playing the input data of the quantization
circuit 8. An inverse orthogonal transform circuit 14

performs inverse orthogonal transform processing of the output




circuit 8 An inverse orthogonal transformcircuit 14 perfornms inverse

ort hogonal transform processing of the output 5 data of the inverse
‘quantization circuit 13, thereby playing the input data of the orthogonal
transformcircuit 7. A deblock filter 15 renoves bl ock noise fromthe

out put data of the inverse orthogonal transformcircuit 14 and outputs the
data. A franme nenory 16 adds a prediction value generated by the intra
prediction circuit 5 or the notion prediction/conpensation circuit 6
‘suitably to the output data of the deblock filter 15 and records the data
as reference video information. Accordingly, the notion

predicti ond£@RENSALI Div & dL dubint Sz 401 &C1S rFRE 013 Vatl@esyof1agidro dat a
outputted fromthe picture sorting buffer 3 based on prediction franes

(referencetnd iapes HakbWn the ok ehegener vasieto it ofamdd o0 Hasisibdkn t he
frame nenory 16, and al so detects the optinmnum node of the inter prediction

by per f or n¥Np 4t PNe@REeN SAllc®n nefi skhéromf enencetpwt déxocd nfforuvm | on
stored in the frame nmenory 16 by the detected notion vectors. Wen
per f or m ngienecsH ngthogcessitignb¥othae:idautier 1preedi ottt s phediadta.on vi deo
information is generated in the optinmum node and a prediction val ue
accordi ng A drthe memeedi £ hdds v phead i atfienned 1wngese nat glby ediet im tirfee
subtracting circuit 4. The intra prediction circuit 5 detects the optinum
node of the=dindrimnpreadicatiicon medehkasedion phedief srwnompsnsEnion
circuit 6 suitably to the output data of the deblock filter
15 and records the data as reference video information.
Accordingly, the motion prediction/compensation circuit
6 detects motion vectors of video data outputted from the
picture sorting buffer 3 based on prediction frames (reference
frames) from the reference video information stored in the
frame memory 16, and also detects the optimum mode of the inter
prediction by performing motion compensation of the reference
video information stored in the frame memory 16 by the detected
motion vectors. When performing encoding processing by the
inter prediction, prediction video information is generated
in the optimum mode and a prediction value according to the
prediction video information is outputted to the subtracting
circuit 4.
The intra prediction circuit 5 detects the optimum mode
of the intra prediction mode based on the reference video
"information stored in the frame memory 16 in the intra encoding.

When performing encoding processing by the intra prediction,

a prediction value of prediction video information is generated




information stored in the frane nenory 16 in the intra encoding. Wen
~performnming encodi ng processing by the intra prediction, a prediction value
of prediction video information is generated 6 fromreference video
information in the opti mum node and outputted to the subtracting circuit
4. According to the above, in the encoding nethod, a difference data D2
according to notion conpensation relating to the inter prediction and a
difference data D2 relating to the intra prediction are generated in the
inter encoding and the intra encoding respectively, and the orthogonal
transform processing, the quantization processing and the variable-Iength
processi n§rafe rpépronaRdvaRe? heBEoBPdtigrente that ap Py hede randm tt ed.
Fig. 2 is a block diagramshow ng a decodi ng apparatus which performs
decodi ng BPBE%%E‘?%gt‘?)ftht%éuéﬁééagﬂn‘aa‘fhfmt éncoded as the above. In a
decodi ng apparatus 20, a storage buffer 21 tenporarily stores the encoded
data D4 i nputt EFCIHRIgH T hEPE r 8RSKPssildn tifarfRdcHAd JPY i2. A

| ossl ess dgfodiqg circuit 22 perfornms decoding processing of the
out put t ed?Uat QrOICT Ketét Bt é@&%&ﬂﬁ@rt?ﬁ%}%a??wfbﬁté@t Rel@ktndi ng,

arithmetigc %odin%% and the |like, and s input data of the | ossless
encodi ng E?r. M55 REEREC Ertbarig? %ﬁ‘%ﬁ%ﬁ“ﬁ § 92t3 P4 relehdBIthat the
output dafg, |5 M prbBi LA SNGIE° G822 80 MR LTy LREOLTRY S Of the

the intra encoding respectively, and the orthogonal transform
processing, the guantization processing and the
ﬁariablemlength.processing are performed on these difference
data D2 to be transmitted.

Fig. 2 is a block diagram showing a decoding apparatus
which performs decoding processiﬁg of the enccded data D4
éncoded as the above. In a decoding apparatus 20, a storage
buffer 21 temporarily stores the encoded data D4 inputted
through the transmission channel'and outputs it. A lossless
decoding circuit 22 performs decodin& processing of the
outputted data of the storage buffer 21 by variable-length
decoding, arithmetic decoding and the like, and plays input

" data of the lossless encoding circuit 10 in the encoding
-apparatus 1. In the case that the output data is the
intra-encoded data at this time, information of the intra
prediction mode stored in the header is decoded to be

| transmitted to an intra prediction circuit 23, whereas in the
case that the output data is the inter encoded data, information

concerning motion vectors stored in the header is decoded to




predi ction node stored in the header is decoded to be transmtted to an
intra prediction circuit 23, whereas in the case that the output data is
the inter encoded data, information concerning notion vectors stored in

t he header is decoded to 7 be transferred to a notion

predi ction/conpensation circuit 24. An inverse quantization circuit 25
performs inverse quantization processing of the output data of the | ossless
decoding circuit 22, thereby playing the transformcoefficient data D3
inputted to the quantization circuit 8 of the encoding apparatus 1. An

i nverse orthogonal transformcircuit 26 receives transform coefficient

‘data out pybtiadidsrerrtha d AWRASOn S AN/ OfySdd et ibon2S: r R8I 041E
fourth-order inverse orthogonal transform processing of the data, thereby

playing the diAd ereraeedafman®d ziafpoht ed reaithesopich@gensl ihkapséorm
circuit 7 of the encoding apparatus 1. An adder 27 receives the difference
data D2 ogtputi=didor groockesinyebsetnet bogomalddtaans ah@ dioselkks26 and
adds a prediction value according to prediction video generated in the
intra predectdiomg circuit 223 the raltyppilatirey dad arbnsthemicokrdiceaaodi ng,
wher eas, the adder 27 adds a prediction value according to prediction
vi deo out pate &3 fnputtdietnotheoquaptdedatiommicompertsafi e encoditg24 to
output the data in the inter encoding. Accordingly, the adder 27 plays
i nput dat appafattyie bubtiactinngreer oukhodonal t heamntadh ngi appar a s 1.
receives transform coefficient data outputted from the inverse
quantization circuit 25, performs fourth~order inverse
orthogonal transform processing of the data, thereby playing
the difference data D2 inputted to the orthogonal transform
circuit 7 of the encoding apparatus 1.
An adder 27 receives the difference data D2 outputted
from the inverse orthogonal transform circuit 26 and adds a
prediction value according to prediction video generated in
the intra prediction circuit 23 to output the data in the intra
encoding, whereas, the adder 27 adds a prediction value
| according to prediction wvideo outputted from the motion
prediction/compensation circuit 24 to output the data in the
inter encoding. Accordingly, the adder 27 plays input data
of the subtracting circuit 4 in the encoding apparatus 1.
A deblock filter 28 removes block noise from output data
of the adder 27 to output the data, and a picture sorting buffer
29 sorts frames of video data outputted from the deblock filter

28 in accordance with the GOP structure to output the data.

A digital analog conversion circuit {(D/A) 30 performs digital




A debl ock filter 28 renoves bl ock noise fromoutput data of the adder 27
to output the data, and a picture sorting buffer 29 sorts frames of video
data outputted fromthe deblock filter 28 in accordance with the GOP
structure to output the data. A digital anal og conversion circuit (DA 30
perforns digital 8 analog processing of the output data of the picture
sorting buffer 29 to output the data. A frane nenory 31 records and stores
"the output data of the deblock filter 28 as reference video information. A
notion prediction/conpensation circuit 24 generates a prediction value
~according to prediction video by perform ng notion conpensation of
ref er enceanalied prfcersmahigonrstios ethtpntt Aathr afechdamgnrtyrdl sbasedy on
i nformation of notion vectors notified from the | ossless decoding circuit
22 in thebuffer Enaediougpuandheoddiprit s the prediction value to the adder
27. The intra prediction circuit 23 generates a prediction value according
to prediction A deembrmmemdhe 3ieferante anddemred cheadtuigutstdattedof i n t he
frame nenory 31 based on the intra prediction node notified fromthe
| ossl ess theeddbhgckifidtietr Z2Ras wetfheenne vadeengddimmgtiand cubptisnt he
prediction value to the adder 27. In the above inter encoding by the AVC
system apredidtnign/tonhihdadiplen Refwerence 4roemsratad | anpecedpensati on for a
frame Og as a processing target can be perforned by selecting any of
plural refelehcecterdvidxy Re? , pasdshbbinn | Wddq. bB. PAcERr@ing| potion

compensation of reference video information stored in the frame

memory 31 based on information of motion vectors notified from

the lossless decoding circuit 22 in the inter encoding, and

outputs the prediction wvalue to the adder 27. The intra

prediction circuit 23 generates a prediction value according

to prediction video from the reference video information stored

in the frame memory 31 based on the intra prediction mode

notified from the lossless decoding circuit 22 in the intra

encoding, and outputs the prediction value to the adder 27.

In the above inter encoding by the AVC system, according

to Multiple Reference Frames, motion compensation for a frame

Org as a processing t-arget can be performed by selecting any

of plural reference frames Ref, as shown in Fig. 3. Accordingly,

when a portion corresponding to a motion compensation block

is hidden in a preceding frame, further, even when all pixel

values are changed temporarily in the preceding frame due to

a flash and the like, motion compensation is performed with

high precision to improve data compression efficiency.

Concerning a block relating to the motion compensation,




when a portion corresponding to a notion conpensation block is hidden in a
preceding frane, further, even when all pixel values are changed
tenporarily in the preceding frane due to a flash and the |ike, notion
conpensation is performed with high precision to inprove data conpression
efficiency. Concerning a block relating to the notion conpensation, 9
noti on conpensation is performed based on a block of 16 pixel sxl 6pi xel s as
shown in Fig. 4Al, however, tree-structured notion conpensation is
supported by the variable MC Bl ock Size, therefore, the macrobl ock of 16
pi xel sx16 pixels is divided into two in a horizontal direction and/or a

vertical dioteshi @mpassShOWN iH Beefodhed t Badéd, cand MtJan gonpensation
can be perforned by setting the notion vector and the reference frane

i ndependeptik¥132CoOpekaYs b@ sHmMBEFOD! ABKS Hwell rPivveles %8 rupk¥eky, 8
pi xel sxI 6 pi xel s and 8 pi xel sx8 pixels. In addition, the sub-nmacroblock of

8 pi xel sxBopixelcdmpenkat i bensdutipded ebdiwths wariablebMoBksclobiBepi xel sx8
pi xel s, 8 pixel sx4 pixels, 4 pixelsx8 pixels, and 4 pixel sx4 pixels, as
shown in EhgredBie, tthdingcréBlochnsk tifee pigkilenl 6 opRasAtisoni¢atele
performed by setting the notion vector and the reference frane
i ndependethky.twbheénnmhbenzentpedsattohoh Sarskbr IOvasti@ X dapensabe Wwith a
1/ 4 pixel precision using a 6-tap FIRfilter. Accordingly, in Fig. 5 for
al | owi ng assglypwrt A'n tFd or.efh@sent4sed ,piaxdl mpafoe compensation can be
performed by setting the motion vector and the reference frame
independently according to sub-macroblocks of 16 pixelsx8
:pixels,i3pixelsx16pixelsandi%pixelstpixels. In addition,
the sub-macroblock of 8 pixelsx8 pixels is further divided into
sub-macroblocks of 8§ pixelsx8 pixels, 8 pixelsx4 pixels, 4
- pixelsxB pixels, and 4 pixelsx4 pixels, as shown in Fig. 4Bl
to Fig. 4B4, and the motion compensation can be performed by
setting the motion vector and the reference frame
independently.
The motion compensation is set so as to compensate with
a 1/4 pixel precision using a 6-tap FIR filter. Accordingly,
in Fig. 5, for allowing a sign “A” to represent a pixel value
of 1 pixel precision, allowing signs “b” to “d” to represent
a pixel value of 1/2 pixel precision and allowing signs “el”
to “e3 to represent a pixel value of 1/4 pixel precision, the
motion prediction/compensation circuit 6, at first, performs
weighting of respective tap inputs of the 6-tap FIR filter by

values 1, -5, 20, 20, -5, and 1 to execute calculation processing

of the following expression, thereby calculating the pixel

10




of 1 pixel precision, allowng signs "b" to "d" to represent a pixel value
of 1/2 pixel precision and allowing signs "el" to "e3 to represent a pixel
val ue of 1/4 pixel precision, the notion prediction/conpensation circuit

6, at first, perfornms weighting of respective tap inputs of the 6-tap FIR
filter by values 1, -5, 20, 20, -5, and 1 to execute calculation
processing of the follomﬁng expression, thereby calculating the pixel 10
value "b" or "d" with 1/2 pixel precision between continuous pixels in the
hori zontal direction or the vertical direction. F=A 2-5A ,+

20Ae+20A1- 5A2+A3 ... ... (1) b,d=Cipl((F+16)" 5) By using the pixel value

(DL or - vathl il BoPhyel v 90 1 ORI B 6L GHL BBl RIGRE 00, Of

respectlve tap inputs of the 6-tap FIRfilter is perforne y val ues 1,

-5, 20, 2fixe1$,ir28He hdxQ -@xeaUIE CAtGWNAb L AhePTOFLESd NAiOkctREnT Ol | oW ng
expression, thereby calculating a pixel value "c" with 1/2 pixel . precision

bet ween conti nuous pixels in the horizontal direction or the vertical
direction. F=b 2 -5b ,+20 bo +20 b,-5 b2+b3 or F=d 2 -5 - d_, +20 do+20
d, -5 d2+d3 (2) F e pis((A+81220"18) + 20+ A;—5+ A+ A,

b.d=Ctipt{((F+16) » 5)

By using the pixel wvalue “b” or “d” with 1/2 pixel
precision thus calculated, weighting of respective tap inputs
of the 6~-tap FIR filter is performed by values 1, -5, 20, 20,
-5, and 1 to execute calculation processing of the following

"expression, thereby calculating a pixel value “¢” with 1/2 pixel
precision between <continuous pixels in the horizontal

"direction or the vertical direction.

F=b_,—5<b_+20+b, +20-b~5b,+b,

or
F=d_, —5-d_+20-d,+20+d~5+d,+d,
c=Clipt({F+512) >10)

Furthermore, by using pixel wvalues “b” to “d” with 1/2
piXelprecisionthuscalculated,calculationprocessingofthe
:following expression by linear interpolation is performed,
thereby calculating pixel values el to e3 with 1/4 pixel

_ precision. It shoqld be noted that normalization processing

relating to weighting addition in the expression (1} and the

11




Furt hernore, by using pixel values "b" to "d" with 1/2 pixel precision

t hus cal cul ated, cal culation processing of the follow ng expression by
linear interpolation is performed, thereby calculating pixel values el to
e3 with 1/4 pixel precision. It should be noted that normalization
processing relating to weighting addition in the expression (1) and the

11 expression (2) is perforned after all linear interpolation processing
~ in the horizontal direction and in the vertical direction has been
~conpleted. e, = (A+tb+l) >> 1 e2= (b+d+1l) >> 1 ...... (3) e3= (b+c+l) >>1

On the other hand of the above processing of notion conpensation with
respect toe¥piefdivandé)signpebrfootédrs fieanzansat neAr Wikibe r@sRaGlont 0 a
color-difference signal is perforned by linear interpolation.

Speci fi calPERcess igigown kthe Fogizéntal plixelctiahuendvini she epsmsentied by the
following. expression, which is set at a sanpling point relating to
respect i velifredrioal hapvhekmeecomtlieadsddx, s-dx and dy, s-dy in the

hori zontal direction and the vertical direction with respect to

nei ghboring pixels Ato D according to a pixel pitch .. s.. v_
(s-dx) (s-dy) A+tdx(s-dy) B+(s-dx)dyC+dxdyD S 2 ...... (4)
_ e,= ¥A+b+1) > 1 '

e,= (b+d+1) > 1 .. (3)

e;= (b+c+1) > 1

On the other hand of the -above processing of motion
compensation with rgspect to a luminance signal, motion
compensation with respect to a color-difference signal is
performed by linear interpolation. Specifically, as shown in
Fig. 6, a pixel value “v” is represented by the following
expression, which is set at a sampling point relating to
respective internal dividing ratios dx, s¥dx and dy, s-dy in
the horizontal direction and the vertical direction with

respect to neighboring pixels A to D according to a pixel pitch

oo
57 .

(s—dx )(s—dy )A + dx ( s—dy ) B+ ( s—dx Jdy C+dx dy D

52

. (4)

In the AVC, concerning the above information of motion

vectors as information of encoding relating to the inter
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In the AVC, concerning the above information of notion vectors as
information of encoding relating to the inter 12 prediction, the anount of
data transm ssion is reduced by efficiently utilizing correlations between
conti nuous nacrobl ocks or sub-macrobl ocks. Specifically, in the AVC
encoding, it is possible to performnotion conpensation respectively by
di vi di ng one nmacrobl ock into plural sub-nmacrobl ocks, therefore, the anpunt
of code increases. Accordingly, a prediction notion vector pnv is
generated at each block in the horizontal direction conponent and the :
vertical direction conponent respectively by nmedian prediction, and notion -
vect or i npeeaBtt Loh MIhd Mitdait \ECtita Bataa)smafssaodi fikereaaeeyabye
cal cul ated by cal cul ati on processing represented by the foll ow ng
expr essi oafrbet et ¢ heut Drediref | arb M liadn onect GetM@énandcatiaabual notion
vector ny is encoded and transmtted. MWD =nvi-pnvi;i=0,1 ...... (5)
However, AascstioVckd) &t gsubiAackdiicaksl.ockpeeliicagly o itihehaohvVon vect or
ny is a sub-macroblock "C'" which is in the right side of two
sub- macr obhos&snd or fred ilsy whas idilrg omepemficrnbimetk onntapnpamsiahibhe
horizontal direction and a reference frame refldxE relating to detection
of the predsp¢cioivaint i doy vectislimy imeequiaaiobdiocko dntef epéncelfrane
refl dxA of a sub-macroblock "A" adjacent in the remaining left side, a
sub-macroblocks, therefore, the amount of code increases.

Accordingly, a prediction motion vector pmv is generated at
each block in the horizontal direction component and the
vertical direction component respectively by median
prediction, and motion vector information MVD (Motion Vector
bata) of a difference vwvalue calculated by calculation
processing represented by the following expression between the
prediction motion vector pmv and an actual motion vector mv

is encoded and transmitted.

MVDy=mv;—pmv;;i=0,1 e {5)

However, as shown in Fig. 7A, when a block relating to

the motion vector mv is a sub-macroblock “C” which is in the

right side of two sub-macroblocks formed by dividing one
‘macroblock i.nto two in the horizéntal direction and a reference
frame refIdxE relating to detection of the lﬂ_prediction motion
vector mv is equivalent to a reference frame reflIdxA of a
sub—macroblock “A“ adjacent in the remaining left side, a

motion vector mvA detected in the sub-macroblock “A” adjacent

13




noti on wvector nvA detected in the sub-macroblock "A" adjacent 13 in the

| eft side is set as the prediction notion vector pmv as shown by the
fol |l owi ng expression. pnmv=nvA5 ...... (6) Conversely, when a bl ock
relating.to the notion vector ny is the sub-macroblock "A" in the left
side, and the reference frame refldxE relating to detection of the
prediction notion vector ny is equivalent to a reference frane refl dxC of
a sub-macroblock "C' adjacent in the remaining right side, a notion
vector nmvC detected in the sub-macroblock "C' adjacent in the right side
is set as the prediction notion vector pmv as shown by the follow ng

expressi of, PIVIBLG side: is (3t AS HRWBrkAi Et fon TRt iWAeReaLbl osk rel ating
to the notion vector ny is a sub-macroblock "C'" which is in the upper side

of two suPs nackabINL ks of @bMBdw DYy g cene macrobl ock into two in the
vertical direction, and a reference frame refldxE relating to detection of

the prediction notion vector ny is equivalent to a reference franme refldxA
of a sub-macroblock "B" adjacent in the remaining | ower side, a notion
vector nvB detggted,6n the sub-macroblock "B" is set as (he prediction
notion vector pnmv as shown by the follow ng expression. 14 pnmv=nvB ......

(8)

Conversely, when a block relating to the motion vector

mv is the sub-macroblock *A” in the left side, and the reference

frame refIdxE relating to detection of the prediction motion

vector mv is equivalent to a reference frame refIdxC of a
sub-macroblock “C” adjacent in the remaining right side, a

motion vector mvC detected in the sub-macroblock “C” adjacent

" in the right side is set as the prediction motion vector pmv

as shown by the following expression.

PIV=IMve e {7

As shown in Fig. 7B, when a block relatihg to the motion
vector mv is a sub-macroblock “C” which is in the upper side
of two sub-macroblocks forﬁed‘by dividing one macroblock into
two in the vertical.direction, and a reference frame refIdxE
relating to detection of the prediction motion vector mv is
equivalent_to a reference frame refldxA of a sub-macroblock
“B” adjacent in the remaining lower side, a motion vector mvB
detected in the sub-macroblock “B” is set as .the prediction

motion vector pmv as shown by the following expression.
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Conversely, when a block relating to the notion vector ny is the
sub-macrobl ock "B" in the |lower side, and the reference franme refldxE
relating to detection of the prediction notion vector ny is equivalent to
the reference frane refl dxA of a sub-macroblock "A" adjacent in the
remai ni ng upper side, a notion vector nmvA detected in the sub-macrobl ock
"A" is set as the prediction notion vector pnv as shown by the follow ng
expressi on. pnmv=nmvA ...... (9) In the case other than the above, as shown
in Fig. 8A, a prediction notion vector pnv is generated for a block E
relating to notion conpensation by notion vectors detected in the adjacent
bl ocks. In this case, the adjacent blocks are a block "A" which is

adj acent in the scanning start side of the horizontal direction by a
raster scanni Ngm@amllock "B" which is adjacent in the_sca)ning start side
of the vertical direction by the raster scanning, and blocks "C', "D' of
right and left of the block. The setting of the prediction notion vector
pmv by these adjacent bl ocks is applied when the adjacent blocks are
sub- macr obl ockLasreselw, i whdr g. b88¢ck arelatamanhentlae proadessvedbot ar get

bl ock is a sub-mcroblock. Specifically, according to values of reference
frame indexés rdikl dub-maetbldk&clantdBf efindxXBGer el@atampitde , detmtt tlom i n
respecti ve nei ghbori ng bl ocks, when there is an adjacent bl ock

reference frame refIdxE relating to detection of the prediction
motion vector mv is equivalent to the reference frame refIdxA
of a sub-macroblock “A” adjacent in the remaining upper side,
a motion vector mvA detected in the sub-macroblock “A” is set

as the prediction motion vector pmv as shown by the following

- exXpression.
pmv=mvy e (%)

In the case other than the above, as shown in Fig. 83,
a prediction motion vector pmv is generated for a block E
ielating to motion compensation by motion vectors detected in
the adjacent blocks. In this case, the adjaéent blocks are
a block “A” which is adjacent in the scanning start side of
the horizontal direction. by a raster scanning, a block “B” which
. is adjacent in the scanning start side of the vertical direction
by the raster scanning, and blocks “C”, “D” of right and left
of the block. The setting of the prediction motion vector pmv
by these adjacent blocks is applied when the adjacent blocks

are sub-macroblocks as shown in Fig. 8B, or even when a process
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whose reference frane coincides wwth the reference frane of the block E
relating to notion conpensation, a notion vector nvN according to the

adj acent block (N=A or B or C) whose reference frame coincides is set as
the prediction notion vector pmv by the follow ng expressions. m/B=nvA
mvc=nmvA refldxB= refldxA refldxc= refldxA ..... (10) In the case other

t han the above, concerning respective conponents in the vertical direction
and the horizontal direction, conponents by processing results using a
median filter are set as respective conponents of the prediction notion
vector pnv in the follow ng expression. pnv=nwvN ...... (11) \When either

t he blocktggﬁeﬁMgﬁggg $sad] aeehiddbdiek.vertical direction or the block "C
which is next to the block 16 "B" is not significant, and when the bl ock

"A" which is a@@%&@&caigy; hechord zantad wilest b@nreSesegoe ffeamt , the
notion vector nvA according to the block "A" and the reference frame index
ref | dxA afgasubstoruliel, frerThie ad iref IdeCtolani nanto tdeeectéberiemce frame

i ndex refldx of these adjacent blocks "B" and "C' in the vertical
di recti onr@spsdomie hyi gt ificld bub ks, ekpredsirenis an adjacent block
whose reference frame coincides with the reference frame df
the block E relating to motion compensation, a motion vector
mvN according to the adjacent block {(N=A or B or C) whose

reference frame coincides is set as the prediction motion

vector pmv by the following expressions.

mMvVe=MVa
IMVe=INvVya
refldxy= refldxa

refldx.~ refldxy, e (10}

In the case other than the above, concerning respective
components in the vertical direction and the horizontal
direction, components by processing results using a median

filter are set as respective components of the prediction

motion vector pmv in the following expression.

prv=mvy ' A N (11}

When either the block “B” which is adjacent in the

vertical direction or the block “C” which is next to the block
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pmv=Medi an (nvA, mvB, mvC ... ... (12) Furthernore, in the AVC, in the B
‘picture, a direct node including a tenporal (tinme) direct node and a
spatial (space) direct node is provided, and transm ssion of information
concerning the notion vector is stopped in the direct node to inprove
encodi ng efficiency. Accordingly, in the spatial direct node, decoding
processing i s executed by setting the prediction notion vector pnm as the
notion vector. On the other hand, in the tenporal direct node, notions
vectors MV10 and W11 relating to the B picture of the process target are
created by the linear interpolation using a notion vector nvcol of a block

( Co- Locat eg~ Blsogdy) s1gn i hid PRE&GhehioR BIE Al whhess s gasaed MY

processi ng has been conpleted correspond, on the assunption that notion is

linear, agnSiMdMoiizdrithl 8irkBribe i sAY g SR RQNPheSHitadnl WéOtdmt i On, a
paranmeter TD relating to 17 tinme information between the pictures LO and

L1 does ng{aexdddrdinghes efty ©1ocakPOY (fiCtueeré¥ sieindoditipei Snded i nst ead
of that. In the AVC, concerning prediction nodes relating to these intra
and i nt er rpf BAKICt 4 £ Ssuthd Qi JEIP| it tyhdVhste: iass urddi®rt ey and tiipass
encodi ng and Low Conpl exity Mbde assum ng the 1-pass encoding are defined
accor di ngrédedaidd fihvbaelindAYCreef@x erfc eheencadiangns)ist@Rs "Bl adndig to t he
AVC, and the optinmumnode is selected followi ng these definition to
execut e encHdingthe vertical direction as shown by the following

" exXpression.

pmv=Median (mva, mvs, mve) e (12)

Furthermore, in the AVC, in the B picture, a direct mode
including a temporal (time) direct mode and a spatial (space)
direct mode is provided, and transmission of information
.concerning the motion vector is stopped in the direct mode to
improve encoding efficiency.

Accordingly, in the spatial direct mode, decoding
processing is executed by setting the prediction motion vector
pmv as the motion vector. On the other hand, in the temporal
direct mode, motions vectors MV10 and Mv1ll relating to the B
picture of the process target are cregted by the linear
interpélation using a motion vector mvcol of a block
(Co-Located Block) to which a prediction frame L1 whose
encoding processing has been completed correspond, on the
assumption that motion is linear, as shown in Fig. 9. In the

AVC video compression information, a parameter TD relating to -
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processing. In the Low Conplexity Mbde in these nodes, a cost function
showi ng encoding efficiency is defined by the follow ng expression, and
the opti num node is detected by conparison of cost val ues (Mdde) obtained
by the cost function. Cost (Mde)=SA(T)D+SA(T)Dg ... ... In the above, SA
(T) Dis an error value between an original picture and a prediction

pi cture, and the sum of absolute values of errors in difference val ues of
pi xel val ues between the original picture and the prediction picture is
applied. SA(T)DO is an offset value which is given to the error value SA
(T) D, based on the cost to be the weight at the tine of deciding a header

bit and atiméenrapdatien dmuabnafhdpl ardds Lo 53008 n&f eaddi | i onal
i nformation such as the notion vector is shown. Specifically, the sum of

absol ut e vaéuesof, erpoar sPpSADrd sraeproesent et hyed hastkebhad agaexpressi on
with respect to each 18 ---- ----------- -- - macrobl ock, and the

di fference val ua tigd neep dodneeahii gytlediptibhm@daBd-dike ipgedd ehéon picture
in each prediction node Mode is applied. 15 15 SAD=~~ jOg( i
, ] ) - Pred( Myt andjintler. predicfild)s, FOh €Ombhskead Maket dvessimgothabsol ut e
value errors SAD by the expression (14), it is also preferable to use the
di fferenceultipass encoding and Low Complexity Mode assuming the 1-pass

'encoding are defined according to Joint Model (AVC reference

encoding system) relating to the AVC, and the optimum mode is

selected following these definition to execute encoding

processing. In the Low Complexity Mode in these modes, a cost

function showing encoding efficiency is defined by the

following expression, and the optimum mode is detected by

comparison of cost values (Mode} obtained by the cost function.
Cost (Mode)=SA(T)D+SA(T)D, . .

In the above, SA(T)D is an exrror value between an original

. picture and a prediction picture, and the sumof absolute values
of errors in difference values of pixel values between the
original picture and the prediction picture is applied.
SA(T)DO is an offset value which is given torthe error value
SA{T)D, basled on the cost to be the weight at the time of deciding
-a header bit and a mode, and the amount of data for transmission
of additional information‘such as the motion vector is shown.

| Specifically, the sum of absolute values of errors SAD

 is represented by the following expression with respect to each

18




addi ti onal value SATD (Mbde) obtained by the following expression. 15 15
SATD( node) =ZZj Hadamard (O g( i ,j )- Pred(Mde,i ,j ))I ...... (15) ko

j =6 Hadamar d() denotes Hadamard transform operation in which a target
matrix is multiplied by an Hadamard transformmatrix as shown by the

- follow ng expression. The Hadamard transform matrix is represented by an
expression (17), and HT is a transposed matri x of the Hadamard transform
matri x. Hadamard (A)= HTAH ...... (16) 191111 1-11-1H11 11
(17) 1 -1 -1 1 The offset value SA(T)DO is represented by the foll ow ng
expression in a forward-direction prediction node. In this expression, QPO
(QP) is apfangdik, Waineh dHANRS e nde QUANET BAELOS, PEKATBESFidd I Nto a
guanti zation scale, MWDFWis a notion vector relating to the

forwar d- dh1 @610 kadi©td bt i caNh cBide 190 60Hrelds cthén aAdMof code on a
bit streamrelating to the notion vector. SA(T)Do = QPo(QP)(2xcode_nunber

_of ref igx fwd+Rid. to_code_ WDFW ...... (18)
: 15 15
sAD=">"|org( i ,j)-Pred(Hode i j)| e (14)
=0 0

Instead of the sum of absolute value errors SAD by the
expression (14), it is also preferable to use the difference
additional wvalue SATD (Mode) obtained by the following

expression.

15 15
SATD(mode } =" " { Hadamard (0rg( i ,j )- Pred(Mode i  j )| ... (15)
B0 j=0

Hadamard () denotes Hadamard transformoperation inwhich
a ﬁarget matrix is multiplied by an Hadamard transform matrix
as shown by the following expression. The Hadamard transform
matrix is represented by an expression (17), and HY is a

‘transposed matrix of the Hadamard transform matrix.

Hadamard (A)=HWAK .. (16)

19mﬁuum.




The offset value SA(T) DOis represented by the follow ng expression in a
backward prediction node. In this expression, MWDBWis a notion vector
relating to the backward-direction prediction. SA(T)DO

=QPO(QP) xBit _to_code MWDBW. ..... (19) The offset value SA(T)DO s
represented by the followng expression in a bi-directional prediction
node. In this 20 expression, Bit to code forward Bl k size, Bit to code
backward Bl k size are the anount of code on bit streans necessary for
transm ssion of information concerning notion conpensation blocks relating
to the forward-direction prediction and the backward-direction prediction
respectively. SA(nDG =1QPo(YP) x(2xcode_nunber _ofref idx_fwd+
Bit_to_code_forwafq_Bikysize| + Bit_to_code_backward_Bl k_size +

Bit to _code MW z 1Ej it,tq ode. WDBW) ...... (20) |-t hE)direct node,
the offset val ue ( DO i ? cal cul ated by the foll ow ng expression.
SA(T) DO =-16xQPo( Tl + {21) In the intra 4x4 prediction node, the
of fset value SA(T) DO is calculated by the foll ow ng expression.

SA(T) D0=24xQPo(QP) ...... (22) In this connection, the cost function is

also applied to search for the notion vector, and the notion vector which
: The cffset value SA(T)D0 is represented by the following

expression in a forward-direction prediction mode. In this
r.expression, QP00 (QP) is a function which transforms a
quantization parameter QP into a quantization scale, MVDFW is
a motion vector relatind to the forward-direction prediction,
and “Bit to code” is the amount of code on a bit stream relating

to the motion vector.

SA(T)D,

= QP,(QP)-(2xcode_number_of ref_idx_fwd+Bit_to_code MVDFW) ... (18)

The cffset value SA(T)DO is represented by the following
expression in a backward prediction mode. In this expression,

MVDBW is a motion vector relating to the backward-direction

prediction.

SA(T)D, =QP,(QP)xBit_to_code MVOBW ... (19)

The offset value SA(T)DO is represented by the following

expression in a -bi-directional prediction mode. In this

20




all ows the cost value Cost to be mnimumis detected as shown 21 by the
foll ow ng expression. Cost= SA(T)D + SA(T) Do SA(T) DO

=QPO(QP) (Bits-tocode_vect or +2xcode_numnber _ of _ ref idex fwd) ...... (23) As
- descri bed above, when the optinmum node is detected in the Low Conplexity
Mode, in the encoding apparatus 1, cost values Cost in all prediction
nodes in the intra encoding and the inter encoding are cal cul ated
respectively by using a |lumnance signal in the intra prediction circuit 5
and the notion prediction/conpensation circuit 6, and the optimum node of
. the lum nance signal is detected by selecting the prediction node in which
the cost sapuesost, Bit riontoaknfoAc@aiddBhk stiae, tHig tetweald backwimedh the intra
encoding is selected, cost values in respective intra prediction nodes

W th respBtk dizen areotlos -adichuinér eficeode gmalbiar et cadmunaiced saapdfehe intra
prediction node having the m ninum cost value is set as the optinmm node
of the cotomnﬁmiﬁanmcé?3ngnamabyonheon©ﬂpamms@wtlgh calpghattbrnresul ts.

In the case that encoding processing is performed by the inter prediction
by the judyeers wsflatheg tosthe flayaadcdidenyion aedilcidionaand shgnal ,

motion conpensation of the color-difference signal is performed by the
mot.i on colh@@ﬁ@mmr&péekn prAdipiign ResPecEignlyY t he 22

SA(T)D, =
-QP,(QP)x(2 x code_number_of_ref_idx_fwd+Bit_to_code_forward Blk _size
+Bit_to_code_backward_Blk_size+Bit_to_code_MVDF¥

+Bit_to_code MVOBW) . (20)

In the direct mode, the offset wvalue SA(T)DP0 is

calculated by the following expression.
SA(T)D, =—16xQP(QP) .. (21)

In the intra 4x4 prediction mode, the offset value

SA(T)DO0 is calculated by the following expression.
SA(T)D, =24xQPy(QP) .. (22)

In this connection, the cost function is also applied
to search for the motion vector, and the motion vector which

allows the cost value Cost to be minimunm is detected as shown
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Sm s mm- - mee--- reference frame according to the | um nance signal
Accordingly, in the AVC, the optimmnode is detected from plural intra
predi ction nodes and plural inter prediction nodes at each nacrobl ock, and
video data is processed according to the optinmmnode to efficiently
encode the video data. Concerning the selection of the prediction node by
the cost function, various devices are disclosed in, for exanple,

JP- A- 2003- 230149 and the like. In the detection of the opti num node
relating to the inter encoding, it becones necessary that notion
conpensation is perfornmed with respect to all prediction nodes of the
above A4xéypthdi téilawimmdexptbxifopr edi ction node and the |ike by the

6-tap FIRfilter and cost values are cal cul ated respectively, which causes

a problemthat enornous cal cul ation processing is required for deciding
t he opti num node. DI SCLOSURE OF THE 1 NVENTI ON The invention is nade in view

of the ab&ost abl(TMe¥dF)D,t 0o propose an encodi ng apparatus, an encodi ng
nmet hod, a program for the encoding nmethod and a recordi ng nmedi um whi ch
records %Bﬁgﬁ%ogran1for t he encodi ng net hod which are capabl e of
detecting pti mum node by sinple processing when performng encoding
processi ng of video data by detecting the opti num node using the cost

As described above, whén the optimum mode is detected
in the Low Complexity Mode, in the encoding apparatus 1, cost
values Cost in all prediction modes in the intra encoding and
the inter encoding are calculated respectively by using a
luminance signal in the intra prediction circuit 5 and the
motion prediction/compensation circuit 6, and the optimum mode
of the luminance signal is detected by selecting the prediction

| modg in which the cost value Cost is minimum. According to
'thedetection;whentheintraencodingisselected,costvalues
in respective intra prediction modes with respect to a
color-difference signal are calculated, and the intra
‘ﬁrediction mode having the minimum cost value is set as the
optimuﬁlmode of the color-difference signal by the comparison
of calculation results. In the case that encoding processing
is performed by the inter prediction by the judgment of the
cost value according to the luminance signal, motion
compensation of the color-difference signal is performed by

- the motion compensation block, the motion vector and the
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23 to an encodi ng apparatus which detects the opti mum node used for
encodi ng processing fromplural intra prediction nodes and plural inter
predi cti on nodes at each nacrobl ock by conpari son of cost val ues according
to a cost function indicating encoding efficiency, and perforns encodi ng
processing of video data in the optimum node, which includes a rough
notion prediction circuit detecting a notion vector wth an integer pixel
preci sion and cal culating the cost value in a rough notion conpensation
position by the notion vector in each inter prediction node, an inter node
decision circuit detecting the optinmumnode in the plural inter prediction

nodes basedrofeldle EPShe VahUuoldiddie EQUIRAED! L0R: AGAPENSAL bAR POSI Lion, &
mnute notion prediction circuit calculating the cost value by performng

Mot i ON CORPEHSRLd PNy Wi it t@leprw@l skQB bﬁ@ﬁmﬁrbafﬁbo@els RieXgbeWit Br&gspect to
t he opti num node det’ect ed by the inter node decision circuit and an

|ntra/lntﬁluﬂﬁﬂ@nﬁ@ﬁb&b@ﬁc@héﬁ%bﬁes@%d??dﬁ&liﬁﬁéﬁﬁké@y@%ﬂﬂﬂﬁo@§§d for the
encodi ng processing by conparison of the cost value by the mnute notion

predi cti oAt &dditiabraBlobhe LH0BiMabUGatyy ilshprpbésfdd idddoadprgdist i on
nodes. According to the configuration of the invention, by being applied

to an encoekd ngpappal aldds Whi elif deteetlsy tdieocapt tRuNvyD@sle ddtsed for encodi ng
processing. fromplural intra prediction nodes and plural inter prediction
nodes at each mecicehndel bye samearioaocnf afhe pskdyat ues raekobgi tiget 0 a cost
function
cost function, various devices are disclosed in, for example,
JP-A-2003~-230149 and the like.
In the detection of the optimummode relating to the inter
encoding, it becomes nécessary ‘that motion compensation is
performed with respect to all prediction modes of the above
4x4 prediction mode, 16x16 prediction mode and the like by the
- 6-tap FIR filter and cost values are calculated respectively,

which causes a problem that enormous calculation processing

is required for deciding the optimum mode.

DISCLOSURE OF THE INVENTION

The invention is made in view of the above and intends
to propose an encoding apparatus, an encoding method, a program
for the encoding method and a recording medium which records
the program for the encoding method which are capable of
detecting the optimummode by simple processing when performing
encoding processing of video data by detecting the optimum mode
usiﬁg the cost function.

In order to solve the problems, the invention is applied
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i ndi cating encoding efficiency and perforns encoding 24 processing of
'video data in the opti num node, and by allowing the encoding apparatus to :
i nclude a rough notion prediction circuit detecting a notion vector with g
an integer pixel precision and calculating the cost value in a rough :
notion conpensation position by the notion vector in each inter

predi ction node, an inter node decision circuit detecting the optinum node
in the plural inter prediction nodes based on the cost value in the rough
notion conpensation position, a mnute notion prediction circuit

cal culating the cost value by perform ng notion conpensation with a

preci sion | ess e%%%ﬁiﬂgea gpa!f%etlus%flbﬁﬁec?enceegtst ?héhgpt% MHAu LTS fet ected by
the inter ~nodé decisPor circuit and an intralinter mode decision circuit

det ect | gL 00k AURIRAS U865 .LaY p ies LORPLL BB BEESPHRAeoHOMPal | sOn

of the cost va m nute notion prediction circuit and the cost

val ue by f &)i'iﬁ@leriﬂﬁfe'?ﬁcﬂﬁ.ﬁginf;otéiiegnam,g@ﬁ1madrrobil§che£é{m;9§§f§§firy to

-calculate the cost value with t precision |l ess than one pixel only for

the opti nymioRde,Pludshccd AUi8ly 8 Qdddt B DA Yhd N repd cedddng the cost
val ue by performng notion conpensation with the precision |l ess than one

pi xel W thrfesnady,t andldedrotal &Gl pRoB®Seshg birerrins qdehent i ng the
opti mum node by sinple processing when video data is encoded by detecting
t he Opti nee nBstei sl bdehewsosh iheMeddPh rough motion prediction
circuit detecting a motion vector with an integer pixel
precision and calculating the cost value in a rough motion
compensation position by the motion vector in each inter
prediction mode, an inter mode decisioﬁ circuit detecting the
optimum mode in the plural inter prediction modes based on the
cost value in the rough motion compensation position, a minute
-motion prediction circuit calculating the cost wvalue by
performing motion compensation with a precision less than one
pixel with respect to the optimum mode detected by the inter
mode decision circuit and an intra/inter mode decision circuit

detecting the optimum mode used for the encoding processing

" by comparison of the cost value by the minute motion prediction

circuit and the cost value by the plural intra predictionmodes.

According to the configuration of the invention, by being

Iapplied to an encoding apparatus which detects the optimum mode
used for encoding processing from pilural intra prediction modes
and plural inter prediction modes at each macroblock by
.comparison of cost values according to a cost function

indicating encoding efficiency and . performs encoding
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Al'so, the invention is applied to an encodi ng nethod which detects the
opti mum node used for encoding processing 25 fromplural intra prediction
nodes and plural inter prediction nbdes at each macrobl ock by conparison
of cost values according to a cost function indicating encoding
efficiency, and perforns encoding processing of video data in the optinm
node, which includes a rough cost value calculation step detecting a
notion vector with an integer pixel precision and cal cul ating the cost
value in a rough notion conpensation position by the notion vector in each
inter prediction node, an inter node decision step detecting the optinum

mde i heoplatale LBt ey sdletl onndTBdeR BeRed 0N LR 05t Bl ye Tn the

rough notion conpensation position nut'e cost ion step
cal cul ati t t r.f als) i n J iLth a
preci sion é§§x¥ﬁ% Ség£g$§%¥1§ffﬁggg§%egypé%ﬁ?ﬁ%gggﬁi%%%?%gaﬁé%etected

by the i nigrogndeadecisian 2t RBc20f 3BCkBLI AL el Mg Jleci slom step

detecting the optimum node used for the encoding processing by conparison

of the costeyalilg R¥dt REIBLINE EnGOShe VAU LRACYLALI PBugheRoaN6, t he cost
value by the plural intra prediction nodes. According t0 the configuration

of the i nyeftdhtilch igosiReSal Bye i HEOVvidE AL@Icod] Nga st hege which i's
capabl e of detecting the optimum node by sinple processing when encodi ng
processi ngr&fi oHideOn8ds A anSiRes f alodRdadyi siedeet kBgit kR tepitifdM he
optimum mode in the plural inter prediction modes based on the
cost value in the rough motion compensation position, a minute
motion prediction circuit calculating the cost wvalue by
. performing motion compensation with a precision less than one
pixel with respect to the optimum mode detected by the inter
mode decision circuit and an intra/inter mode decision circuit
detecting the optimum mode used for the encoding processing
by cocmparison of the cost vaiue by the minute motion prediction
circuit and the cost value by the plural intra predictionmodes,
it is merely necessary to calculate the cost value with the

precision less than one pixel only for the optimum mode of the

inter prediction mode without calculating the cost value by

performing motion compensation with the precision less than
one pixel with respect to all inter prediction modes, thereby
- detecting the optimum mode by simple processing when video data

'is encoded by detecting the optimum mode using the cost

function.
Also, the invention is applied to an encoding method

‘which detects the optimum mode used for encoding processing
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node by the cost function. Also, the invention is applied to a program for
an encodi ng nethod including an opti mum node detecting step 26 detecting
the opti mum node fromplural intra prediction nodes and plural inter

predi cti on nodes at each macrobl ock by conparison of cost val ues according
to a cost function indicating encoding efficiency, and an encodi ng
processing step perform ng encodi ng processing of video data in the
opti mum node, in which the optimum node detecting step includes a rough
cost value calculation step detecting a notion vector wth an integer

pi xel precision and calculating the cost value in a rough notion

conpensat i 0B AN OTh i3 A& L AmYEEL Aha BT LACINEOE BeBEELIGL T ON NDde,

an -inter node decision step detecting the optinmum node in the plural inter

predi cti opoARdes «NASRAAHLING KOompakiSoh Bt hiss ¢ QMO fMLLAR £RGPENSAL | ON
position, a mnute cost value calculation step calculating the <cost val ue

by perfor ghngcs®t EQHc€ﬁ¥p§H§§ééﬂrhdcj/\é£80&irﬂj EEESE QLY 0884 bRaRoaRe pi xel
with respect to the opti num node detected ~ by the inter node decision step

and an i nthabdih@prRdesdrgi St AN dedt 8Bt detie &hiengpt Nu Ridddy MyRDgle used for
the encoding processing by conparison of the cost value by the m nute cost

val ue cal gntatd®fn aStRYhFsE L 1e160%h1val Heiby sitbp q¥tdRlingd hat i edi cti on

nodes. According to the configuration of the invention, it is
vector with an integer pixel precision and calculating the cost
value in a rough motion compensation position by the motion
vector in each inter prediction mode, an inter mode decision
step detecting the optimum mode in the plural inter prediction
‘modes based on the cost value in the rough motion compensation
position, a minute cost value calculation steé calculating the
cost value by performing motion compensation with a precisien
less than one pixel with respect to the optimum mode detected
by the inter mode decision step and an intra/inter mode decision
step detecting the optimum mode used £for the ‘encoding

processing by comparison of the cost value by the minute cost

value calculation step and the cost value by the plural intra

prediction modes .

According to the configuration of the invention, it is
possible to provide an encoding method which is capable of
detecting the cptimum mede by simpie processing when encpding
processing of video daté is performed by detecting the optimum
mode by the cost function.

Also, the invention is applied to a program for an

encoding method including an optimum mode detecting step
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possible to provide a programfor an encodi ng nmethod which is capable of
detecting the opti num node by sinple processi ng when encodi ng processing
of video data is perforned by detecting the opti num node by the cost
~function. 27 Also, the invention is applied to a recording nmedi um which
records a programfor an encodi ng nethod executed by a cal culation
processi ng neans, in which the programfor the encoding nethod includes an
opti mum node detecting step detecting the optinum node fromplural intra

. prediction nodes and plural inter prediction nodes at each nacrobl ock by
conpari son of cost values according to a cost function indicating encoding

efficienc odi.n; i r : @ncnadinhRge Processi ng
of video gg?gan ﬁggég%i%ﬂﬁ{Bﬁggz?gghglﬁﬁahﬁﬁﬁ%gt%%Q%btinun1noge detection

step inclydgs ,1a,-50UgRLEPSthrelive 68! Giddaki it Sd£dh dghestbiveia pption
vector wth an integer pixel precision and calculating the cost value in

a rough mpbipRr£oensatdsdr Pesidd PNab¥otdignd0tbon vessor tuhateash inter
predi ction node, an inter node decision step detecting the optinmum node in

the pluraknbntefidy edictldion Redesichageda diheestinalpiecessihe rough
notion conpensation position, a mnute cost value cal culation step
cal cul ati Bgephper €O Al &icdyi ML 05 dE 33 nFOtd ONy o edisied | DM whéh a
precision |ess than one pixel with respect to the opti mum node det ect ed
by the inbgtifbdecdeciisi i epe apa ianmintideadd td@rimpsieedéaicindas
' | a rough cost value calculation step detecting a motion vector
with an integer pixel precision and calculating the cost value
in a rough motion compensation position by the motion vector
in each inter prediction mode, an inter mode decision step
detecting the optimum mode in the plural inter prediction modes
based on the cost wvalue in the rough motion compensation
position, a minute cost value calculation step calculating the
cost value by performing motion compensation with a precision
less than one pixel with respect to the optimum mode detected
by the inter mode decision step and an intra/inter mode decision
step detecting the optimum mode used for the encdding
processing by comparison of the cost value by the minute cost
value calculation step and the cost value by the plural intra
prediction modes.
According to the configuration of the invention, it is
possible to provide a program for an encoding method which is
capable of detecting the optimum mode by simple processing when

encoding processing of video data is performed by detecting

the optimum mode by the cost function.
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step detecting the opti num node used for the encoding processing by
conpari son of the cost value by the mnute cost value calculation step and
the cost value by the plural intra prediction nodes. According to the
configuration of the invention, it is 28 possible to provide a recording
medi um whi ch records a program for an encodi ng nmethod which is capabl e of
detecting the optinum node by sinple processi ng when encodi ng processi ng
of video ‘data is performed by detecting the opti num node by the cost
function. According to the invention, the optimm node can be detected by
si npl e processi ng when encodi ng processing of video data is perforned by

detecting the optimup,mode bye ihe costyofieti-on BRLER: ESRRIATI ON OF THE
DRAW NGS Fi g. s 'a IocEvdgagran1shé§ﬁﬁg anoencéding ég%aratdé of an AVC

system Fi@ici? deSodll 90k A4 2By SPOW NG A nderodh s ARRAfALUSy Hf the AVC
system Fig. 3 1s a schematlic view used for éxplanation of reference

frames of .f &, AMNG 3y $retesbify Aédnd 0 AB41AIS eRepRbyeaMi e¥6 wged for

expl anation of notion conpenSation of the AVC system Fig. 5, is a

schemat i CeNéSWY P ede £106d EXREBAGL S 0BNOfopMWUAN mode detecting step
detecting the optimum mode from plural intra prediction modes
and plural inter prediction modes at each macroblock by
comparison of cost values according to a cost function

" indicating encoding efficiency and an encoding processing step

performing encoding processing of video data in the optimum
mode, and in which thé optimum mode detection step includes
a rough cost value calculation step detecting a motion vector
with an integer pixel precision and calculating the cost value
in a rough motion compensation position by the motion vector
in each inter prediction mode, an inter mode decision step
detecting the optimum mode in the plural inter prediction modes
based on the cost value in the rough motion compensation
position, a minute cost value calculation step calculating the
cost value by performing motion compensation with a precision
" less than one pixel with respect to the optimum mode detected
by the inter mode decision step and an intra/inter mode decision
step detecting the optimum mode used for the encoding
processing by comparison of the cost value by the minute cost
value calculation step and the cost value by the plural intra
prediction modes.

According to the configuration of the invention, it is
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conpensati on precision of the AVC system Fig. 6 is a schematic view used
for explanation of notion conpensation of a color-difference signal. Fig.
7A and Fig. 7B are schematic views used for explanation of a prediction
val ue of the notion vector relating 29 to a sub-nmacroblock. Fig. 8Ato
Fig. 8B are schematic views used for explanation of a prediction val ue of
the notion vector according to other exanples. Fig. 9 is a schematic view
used for explanation of a tenporal direct node. Fig. 10 is a bl ock diagram
showi ng an encodi ng apparatus according to an enbodiment 1 of the
invention. Fig. 11 is a plan view used for explanation of calculation of
an esti naPP8AilbEE e PRGLdel 2 yarogdidanaindive whbeh gesarflara BAPELA®L i on of
the estimation value by a linear function. Flg. 13 is a flowhart show ng

processi ngoproceriRdaggrethed weishis Gaeabpei Hstel nohthnePBHEEHI ng
“appar at us of Fig 10. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON
Her ei naf t B¢ ee‘?ﬁbo”"dl“li’éﬁt BTEFeERENY IRt PBROAPY BYCCRsdddi BEAVEHTR opri at el y

W th reference to the dr?i\/\1J 3 (1), Configuration of the enbodi nent
data is performe \% etec ing the“optimum mode by the cost

function.

According to the invention, the optimum mode can be
detected by simple processing when encoding processing of video
data is performed by detecting the optimum mode by the cost

function.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing an encoding apparatus
of an AVC system.

Fig. 2 is a block diagram showing a decoding apparatus
of the AVC system.

Fig. 3 is a schematic view used for explanation of
reference frames of the AVC system.

Fig. 4Al to 4B4 are schematic views used for explanation
-of motion compeﬂsation of the AVC system.

Fig; 5is a schematic view used for explanation of motion
compensation precision of the AVC system.

Fig. 6 is a schematic view used for explanation of motion
compensation of a color-difference signal.

Fig. 7A and Fig. 7B are schematic views used for

- explanation of a prediction value of the motion vector. relating
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Fig. 10 is a block diagram show ng an encodi ng apparatus according to an
enbodi nent of the invention. In an encoding apparatus 40, the sane
configurations as the encodi ng apparatus 1 described above with reference
to Fig. 1 are shown by putting corresponding nunerals and repeated

expl anations are omtted. 30 Accordingly, in an encodi ng apparatus 40, the
intra prediction circuit 5 calculates a cost val ue-Cost (Mde) by the
cost function described relating to the expression (13) wth respect to
all intra prediction nodes of the lum nance signal in a unit of a

macr obl ock. The intra prediction nodes calculated as the above are all
nmodes of #BR42 pyudimgcroplapie, 16x16 prediction node and the |ike. The
intra prediction circuit 5 notifies calculated cost values of the all
prediction nod@¢¥-toBantentFidd nBBr atisdesdeenatioh viedsi us4s Peeording to
the notification of the cost values, when intra encoding is instructed and -
the opti ntfRIARAEICS deSi gndtredigFiche vakig apfnttde Mstfe ecVSF®RL ci rcui t

45, a prediction value of the lum nance signal is generated in the optinm
node to LRECHAIRG 8JOEBeR WMRERTiI ng circuit 4. Concerning the -
color-difference signal, the optimumnode is detected by  cal cul ati on and
conpari son of ¢d§t valtfe?, SEhePAtiT st ied FRFUE*BHaRAkLXYIDF -1i f f er ence
signal is_out u'tt%d to the, subtracting circuit 4 in the opti num node. A

moti on prediRtiedn FEEREEMATS on circuit 41 detects

Fig. 10 is a block diagram shqwing an encoding apparatus
accoxrding to an embodiment 1 of the invention.

Fig. 11 is a plan view used for explanation of calculation
of an estimation value.

Fig. 12 is a schematic view used for calculaticn of the
estimation value by a linear function.

Fig. 13 is a flowchart showing processing procedures of
detecting the optimum mode in the encoding apparatus of Fig.

10.

BEST MODE FOR CARRYING QUT THE INVENTION

Hereinafter, embodiments of the invention will be
described appropriately with reference to the drawings.
(1) Configuration of the embodiment

Fig. 10 is a block diagram showing an encoding apparatus
according to an embodiment of the invention. In an encoding
apparatus 40, the same configurations as the encoding apparatus
1 described above with reference to Fig. 1 are shown by putting

. corresponding numerals and repeated explanations are omitted.
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notion vectors of video data outputted fromthe picture sorting buffer 3
based on prediction franmes (reference frames) according to reference video
information stored in the frane nenory 16. In addition, cost values are
calculated by perform ng notion conpensation of the reference video
information stored in the frane nenory 16 by conpensated 31 positions
according to the detected notion vectors as well as the mninumvalue is
detected based on the cost values, thereby detecting the optinum node of
inter predictions other than a dlrect node. Wien encodi ng processing is
executed by inter prediction, prediction video information is generated by

the optinmum mogde,,.andqa,bredi chi QR yahy gggwwg 56, Lhge Pﬁt‘[ﬁdé ¢tion

video information is outputted to the subtraction circult 4 t he notion

predi cti opLeQIPENSAldiQRuSk! §ULL] dd1atd s QUIBs: r@éiw dyediggbhon 1 reui t 42
detects notion vectors in all inter prediction nodes wth integder pixel

preci si onghangbs€ahedlabasae98ti vl li%aaefmgoyahtﬂ@téx%e\ég%ﬁr (PPsi tions
based on the notion vectors. Specifically, the rough notion prediction

circuit A4gigetetdfediboBlYechOF S dikdRekh BhMhddes B3 kAR coRPeNsal i on
according to precision of one pixel in all inter prediction nodes of the

| umi nancessygaalin Alunitbera @dbabben NMEesnare JrRsARGibYensmses ot her
than the direct node, accordingly, the rough notion prediction circuit 42
calculated as the above are all modes of 4x4 prediction mode,
1l6xl6é prediction mode and the like. The intra prediction
circuit S5 notifies calculated cost values of the all prediction
modes to an intra/inter mode decision circuit 45. According
to the notification of the cost values, when intra encoeding
is instructed and the optimum mode is designated by the
intra/inter mode decision circuit 45, a prediction value of
the luminance signal is generated in the optimum mode to be
outputted to a  subtracting circuit 4. Concerning the
éolor—difference signal, the optimum mode is detected by
calculation and comparison of cost values, and a prediction
value of the color-difference signal is outputted to the-
'~ subtracting circu;i.t 4 in the optimum mode.

A motion prediction/compensati-on circuit 41 detects
“motion vectors of video data outputted from the picture sorting
buffer 3 based on prediction frames (reference frames)
according to reference video information stored in the frame
memory 16. In addition, cost wvalues are calculated by
f)erforming motion compensation of the reference video

information stored in the frame memory 16 by compensated
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predicts notion with respect to all reference franes, all notion
conpensati on bl ocks including the macrobl ock and sub-macrobl ocks, and
conbi nations of all prediction directions including forward-direction
predi ction, backward-direction prediction and bi-directionnal prediction,
. thereby detecting notion vectors with the integer pixel precision. 32
---------- - The rough notion prediction circuit 42 cal cul ates cost

val ues Cost (Mdde) by the above described cost function relating to the
expression (13) as a unit of the macroblock in all inter prediction nodes
by using the notion vectors with the integer pixel precision and output

them 1n LBLS G83CacobDEi £OR VAL URdRUBPRESLON QRS LN LRhhont ng

expr essi rel na he cost val ue according to rough notion

conpensat | it Iy | re t | ue.
oot 11t LRDAE) S SO SRR P i) £ ot Moy ol

| nt Bi T(NGe)ccd shd RcA0DUNhuR nbUBE T AU 8edliBk 1bAINSIRSSkABROL DL On
vector information by the prediction notion vector pmv described with

referencegf fo il Ghodl .ANFh&h Bncdindndrbbes§iRAGCLS SBlscdtedBRei atert he

predi ction notion vector pnmv based on notion vector val ues of neighboring

bl ocks fopregadiGat peBaoEt {de varRUNtn péricddion \Waege it 4 biynghdl ocks
optimum mode, and a prediction value according to the
prediction video information is outputted to the subtraction
circuit 4.

In the motion prediction/compensation circuit 41, a rough
motion prediction circuit 42 detects motion vectors in all
inter prediction modes with integer pixel precision, and
calcuiates cost values of rough motion vector positions based
on thé motion vectors. Specifically, the xrough motioh
prediction circuit 42 detects motion vectors by performing
motion compensation according to precision of one pixel in all
inter prediction modes of_the.luminance signal. All inter
prediction modes are respective modes other than the direct
mode, accordingly, the rough.motion prediction circuit 42
'predicts motion with respect to all reference frames, all
motion compensation blocks including the macroblock and
sub-macroblocks, and combinations of all prediction
directions including forward~direction prediction,
bapkward—directibn\prediction.and.bi—directionnal.prediction,

thereby detecting motion vectors with the integer pixel

precision.
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Ato Cin Fig. 8 are macroblocks in this case, the opti num node has been
detected and encoded in these neighboring blocks A . to C, therefore, the
predi ction notion vector pnmv can be set. However, in the case that these
nei ghboring blocks Ato C belong to the same nmacrobl ock as a block E of a
processing target, since the optinmm node has not been decided in these
nei ghboring blocks Ato C, notion vectors have not. been fixed. 33
Accordingly, in this case, a notion vector value "nv intX'" detected with
the integer pixel precision by the rough notion prediction circuit 42 is
set as a prediction notion vector "pnv int" in the processing target

bl ock, accordi nghy ,roghSRYELon Prediickin DEd O MeCtT cPMtdss cggner ated and
the cost value Cost (Mdde) is calculated. Furthernore, the rough notion

predi cti omatiitgUiClos42 (Mile@ClS; tHe agddbléoORekeribedr edgh Gastrvahue
according to the rough notion conpensation position, cost val ues of
nei ghbor sredbtihg tougle rBpireBstoNPEIBAtdsoa PAStt6ONEhd MakrbbloBRi ghbori ng
conpensation positions with the notion conpensation precision relating to
t he roughiniibintenpensididtannposidd by wichuhpuiot ilbhevadtodheigane way.
Specifically, in the enbodi nent, since the notion conpensation precision
IS one pixkE, inhegenughxelnprions pordirgd ionpwitr ebkeq. 42X rcalpensakes notion in
the sane way by changing val ues of X-direction conponents and Y-direction
conponent $hef cohe ywiuonivestpaeseekatli by tihet hellowing expression.
Hereinafter, the cost value according to rough motion
compensation position is appropriately referred to as a rough

cost wvalue.

Cost_int {Mode)=SA(T)D+QP2Quant-MV_intBit (Mode) .. (24)

Here, “MV intBit (Mode)” is the amdunt of code required
for transmission of motion vector information by the prediction
motion vector pmv described with reference to Fig. 7 and Fig.
8, and it is necessary to generate the prediction motion vector
pmv based on motion vector values of neighboring blocks for
calculation of the amount of code. When neighboring blocks
A to C in Fig. 8 are macroblocks in this case, the optimum mode
has been detected and encoded in thése neighboring blocks A
to C, therefore, the prediction motion vector pmv can be set.

However, in the case that these neighboring blocks A to
C belong to the same macroblock as a block E of a processing
target, since the optimum mode has not been decided in these

neighboring blocks A to C, motion vectors have not been fixed.
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rough notion conpensation position by 1 pixel to calculate cost val ues
Cost (Mode). An inter node decision circuit 43 cal culates an estimation
val ue of a cost value in a notion conpensation position where the cost

val ue becones mnimumw th a precision |ess than one pixel based on the
cost value in the rough notion conpensation position detected in the rough
notion prediction circuit 42, and detects the optinumnode in plural inter
34 prediction nodes by conparison of estimation values in plural inter
predi ction nodes. Specifically, as shown in Fig. 11, on the assunption
that cost values Cost (Mbde) in the rough notion conpensation position "E"

and nei ghReebAgi €PNPensAtingd cRE| tA0RStidh d&rtd? vande" Fmyvt @ntk” are
represented by Cost int (X) : X="A" to "I", when the follow ng rel ational

expr essi oBetéstdd WRthi thd Snjredgethishal paedi BishMyPehatrdfgrt Aercost val ue
when notion prediction is perfornmed with a 1/4 pixel precision exists
bet ween tpeeadDEPRNBAL O PASild 08t d3' a pi@dlike i bAUPE i ofDid &b COpRENsat i on
position "E'. Cost_int (B)<Cost_int (H ...... (25) Accordingly, the inter
node deci $hoNh iarihe tprbEesedhgukatgst anl @sk,] naddopaivatipve af pshadsost val ue
based on the cost value according to the rough notion conpensati on
posi ti on paadid¢thiescost ival vest@ac powdi agydre naieghbod | i corpensaté on
positions. Specifically, the inter node decision circuit 43

Cost (Mode} is calculated.

Furthermore, the rough motion prediction circuit 42
detects, in addition to the rough cost value according to the
rough motion compensation positicon, cost values of neighbors
of the rough motion compensation position, that is, neighboring
compensation positions with the motion compensation precision
relating to the rough motion compensation position and output
them in the same way. Specifically, in the embodiment, since
the motion compensation precision is one pixel, the rough
motion prediction circuit 42 compensates motion in the same
way by changing wvalues of X-direction components and
Y-direction components of the motion vector relating to the
rough motion compensation position by #*1 pixel to calculate
cost vaiues Cost ({Mode}).

An inter mode decision circuit 43 calculates an
estimation value of a cost value in a motion compensation
position where the cost value -becomes minimum with a precision
-less than one pixel based on the cost value in the rough motion

compensation position detected in the rough motion prediction

cireuit 42, and detects the optimum mode in plural inter
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detects a m ni mum val ue of the cost value by representing variation of the
cost values by the linear function in which the sign of the gradient is
switched at a minimumpoint with respect to a direction in which the rough
notion conpensation position "E' is connected with two opposite
nei ghbori ng conpensati on positions sandw ching the rough notion
conpensation position "E'" in between, thereby detecting the 35 estimation
val ue based on the m nimum point of the cost value. 1In this case, the
direction in which the rough notion conpensation position "E" is connected
with two opposite neighboring conpensation positions sandw ching the rough
nmot i on compEddatiion mokist bpredhBariisohet veen inanibe vedtiewi 1h plespect to
four directions of a horizontal direction, a vertical direction, and
obl i que diiréeri Brsd pastimgadeseugbpedicfiqadugh ABt Eloowe aipenisat ildn posi tion
"E'". As shown in Fig. 12, a point of the m ninumcost value is detected
Wi th respéét the aggigiPtdiqnedhiabncoft t e s Gpstdi(Mede]) oirs téoc orotighg t 0
| inear approximation by the linear function. That is, the inter node
deci si on EOFEQPICAPCISREEPB RPsdGSONVE LenHadisgbariing gempeaised iopy
conparing a cost value Cost int (B) of the neighboring conpensation
position PBEIGPAStHE dost PVarbd osttd ntl”( preofeprerenimthdnys &oistn position
""H' with respect to, for exanple, the vertical direction, thereby ‘
det ect i ng iffietHer®t PR 56i "/ when Kbe fodileuingostlagiirsad exprelsisnde of t he
point "B" . of the . . | ' o )

is true, it is judged that a minimum point of the cost value

when motion prediction is performed with a 1/4 pixel precision
exists between the compensation position “B” and the rough

motion compensation position “E”.
Cost_int (B)<Cost_int () .. (25)

Accordingly, the inter mode decision circuit 43
calculates an estimation value of the cost value based on the
cost value according to the rough motion compensation position

and the cost values according to neighboring compensation

positions. Specifically, the inter mode decision circuit 43

detects a minimum value of the cost value by representing
variation of the cost values by the linear function in which
the sign of the gradient is switched at a minimum point with
respect to a direction in which the rough motion compensation
position “E” 1s connected with two opposite neighboring
compensation positions sandwiching the rough motion

compensation position “E” in between, thereby detecting the
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"rough notion conpensation position "E'" or exists at the side of the point
"H' of the rough notion conpensation position "E'. Also, a gradient "al" of
a straight line "LI" is detected, which connects the cost value Cost int
(H which is the side having a |arger value selected as descri bed above
and the cost value Cost int (E) of the rough notion conpensation position
"E". The inter node decision circuit 43 detects the m ninum value Cost int
(BH) of cost values in the vertical direction 36 by the intersection
between a straight line L2 passing through the cost value Cost int (B)
which is the side having a smaller value by a gradient "a2" (=-al)

obt ai ned bﬁSEW%Hﬁfhgatlﬁé kagpfl opfthehaligindgh @aintap! thedcesie veipai ght |ine
"LI" passing throu the cost value Cost int (H) and the cost val ue Cost
int (E). Concerni'h htlﬁeCéESvetB%t%ﬁ“dﬁ%’f iphehirhi hen saigherotionhe cost
val ue, instead of the nethod by the |inear proxi mation using the |inear
functi on, SIF'?%?J%aqfé%Ihoﬁ%sb’?lorﬂet%ctFﬁgCPﬁﬁeﬁg?ﬁi ntikFvatie speRsatea case of

detecting b roxi mation using a gquadratic function can be wi dely
ke

appl i ed. |ﬁ?%@“ﬁ%@%p?%%%ﬂsons%‘?d‘ﬂ@%dﬁa%l EoRgRCt i on,
t he dlrectrlngp in which these three, ‘ts "B', "E' and "H' are aligned is
set as "x""And’t FETESEPATAPHPPR tH ofifit bt ween qan [y sefy withget as

expi e‘;‘é‘f’otnpee st tho oBY afick 353%5 i oL G Ve et | of ent s
rat, "U'i%%&tf%afﬁlrectlon,andobllquedlrectlonspaSSLngthroughthe
. rough motion compensation position “E”. As shown in Fig. 12,

a point of the minimum cost value is detected with respect to

each direction of these four directions according to linear
approximation by the linear function. That is, the inter mode
decision circuit 43 selects a cost value having a larger value

by comparing a cost value Cost int (B) of the neighboring
compensation position “B” with the cost value Cost int (H) of

the compensation position “H” with respect to, for example,

fhe vertical direction, thereby detecting whether the point

of the minimum cost exists at the side of the point “B” of the
rough motion compensation position “E” or exists at the side

- of the point “H” of the rough motiron compensation position “E”.
Aléo, a gradient “al” of a stiaight line “L1” is detected,

which connects the cost value Cost int (H) which is the side
having a larger value selected as described above and the cost
value Cost int (E) of the rough motion compensation position

“E“. The inter mode decision circuit 43 detects the minimum

value Cost int {(BH) of cost values in the vertical direction
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calculated to obtain a quadratic curve equation, and the detection can be
execut ed by detecting the mininumvalue from the quadratic curve equation
y=axe+bx+c ...... (26) The inter node decision circuit 43 cal cul ates

m ni rum val ues of the cost value Cost int (DF), Cost int (BH), Cost int
(Al'), and Cost int (CG respectively with respect to four 37 directions of
the horizontal direction, the vertical direction and the oblique

di rections passing through the rough notion conpensation position "E' as
descri bed above, and detects an estimation value of the cost val ue Cost

est (Mode) m%ﬁh respect .to the node by further detecting the m nimum val ue
fromthe Fo eﬁﬁﬁlﬁ‘ié?ﬁé?%‘?%ﬁ?WéFﬁ@% ldaeokdindg siBaddiranat i on

processin of thg f Ilognng expressi an. is also preferable_ to calculate
the estimatioRCVal'fed CosPs é?“%ﬂﬁbé?“ﬁ?-b?dﬁ§%§ﬁﬁ@ haHaond miMddeFal ues of
cost val ues .by three dlrectlons instead of the cal culation of the

esti mati on V& uléyéog’fa%%‘?nt( e) (Bt Pt pinrb by sigf erhimgethe Hilgdm val ues

of cost val f.our \ngect n.this case, it can be considered
t hat for Cleds \Fléd TERE “Hini tB%ISL’Fé’a&E htnetneostly @rgeing thevsghed with

res ect t & of t obl.i gue directions de endi on the

posPtlon ?R%mﬁﬁgg‘gLé&Eggggv be e@@ﬁegHﬁ1?ﬁ?ﬁnﬁﬁlﬁetﬁgs r}%zlll di rection

and the horizongal diief bRR- aWNRD aoRUELEShen ree%aaagamfvoarlupr%%tica' use
it 1s

can be secured,
the cost wvalue, instead of the method by the linear

approximation'using the linear function, various methods of
- detecting the minimum value such as a case of detecting by the
approximation using a quadratic function can be widely applied.
When detecting by the approximation of the quadratic function,
the direction in which these three pdints “B”, “E” and “H” are
aligned is set as “x” and the cost value in these points “B”
“E” and “H” is set as “y”, and these “x” and “y” are substituted
for the following relational expression, then, the obtained
cubic equatioﬁ.is solved and ccefficients “a”, “b” and “¢“ are
calculated to obtain a guadratic curve equation, and the
detection can be executed by detecting the minimum value from

the quadratic curve equation.

y=ax*+bx+c e, (26)

The inter mode decision circuit 43 calculates minimum
values of the cost value Cost int (DF), Cost int (BH), Cost

int (AI), and Cost int (CG) respectively with respect to four

37




al so preferable that the estimation value is detected based on only

conbi nations in which straight [ines which connect the rough notion
conpensation position with two opposite neighboring conpensation positions
have rel ati on orthogonal to each other. Cost_est ( Mode)

=m n{ Cost est (BH), Cost _est(DF), Cost_est(Al),Cost _est(CQ} ...... (27) 38
The inter node decision circuit 43 decides the prediction node in which
the estimation value Cost est (Mde) is snmallest by conparison of
estimation val ues Cost est (Mdde) of the cost values relating to
respective prediction nodes obtained as the above, and detects the optinum

nmode rel atdingdtd dnfaeof Rhedorpkedt &1 idkecthtnPRiheuriRda dorda-idpt ected is
the opti num node for reference franes described with reference to Fig. 3,

for all nmotridonrheoppengati divditdehs bavsbgg diHfRi@Nthsi 288gh destrdrbed Wi th
reference to Fig. 4 and for respective nmacroblocks according to
conbi nat i arorgfertshe iphegosttiom “@r'r &ctdeanrs.ibbdeaboer amadee ekect Siz@n circuit
43 notifies the decided result to a mnute notion prediction circuit 44.
The m nut eestomiagd oprediwt poOrehei eaiti tradde persfosas (Motlé Pwitpredipeidton
processi ng according to the 1/4 pixel precision described with reference
to Fig. 5 tonlthe nothebpriditdtdrodetredeing etlad imigitramt ielweot £ fanc atheon and
calculates a true cost value by the expression (13). Wen the direct node
can be applduedminimum values of cost values according to calculation

processing of the following expression. It is also preferable

to calculate the estimation value Cost est {(Mode) by processing

the minimum values of cost values by three directions instead

of the calculation of the estimation value Cost est (Mode) by

the processing of the minimum values of cost values by four

directions. In this case, it can be considered that, for

example, the minimum value of the cost value is detected with

respect to eitherdirection of two oblique directions depending

on the position in which the cost value becomes minimum in the

vertical direction and the horizontal direction. When

sufficient precision for practical use can be secured, it is

also preferable that the estimation value is detected based

- on only combinations in which straight lines which connect the
rough motion compensation position with two opposite

neighboring compensation positions have relation orthogonal

to each other.

"COSt_est( Mode )

: =aﬂn{Costmest(BH),CGSt;gst(DF),Cost_gst(Al),Cost_est(cs)} ...... (27)
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by performng bi-directional prediction in the prediction node detected as
t he above, the notion prediction processing according to the 1/4 pi xel
precision is performed and the cost value is calculated by the expression
(13) . The mnute notion prediction circuit 44 notifies the cost val ue
calculated as the above to an intra/inter node decision circuit 45. \Wen
encoding by the inter prediction is instructed fromthe 39 intra/inter
node decision circuit 45, prediction values of the |um nance signal and
the color-difference signal are generated in the optinmum node according to

the instruction to be outputted to the subtracting circuit 4. The
intra/inter node decision circuit 45 selects the m ninmm cost val ue from

vari ous cost va tie romthe int rediction circuit 5 and the
not i on predict#gg €§%%2¢Eéﬁ#%ﬁ%%ﬁ%%ﬁﬁﬁcﬁf%-éﬂ&gaé BLLECHRE L SELRIM node by
executin l.ctl afi: i 0O fol l.owm expression.to deci de

encodi nggtr)ﬁ)@ltehﬁéflll ?Jrﬂlgg t%ﬁé;glggﬁn%%l%& v{agge (?onﬁte(resg?%“cﬂd)ési b S™M&R"ber f or ni ng

encodi ng PROSERS ALY of Mo sl ShnRI AR £6D AGEOTIIAY Lo Hfie degi ded

result, the corresponding optinmum node IS noti not i on

predicli ORalhesUdiAdnid PesPoLE A, BLEd! CLI ANGEAIRERRALLEN o CLALUI U 41,
and output of the prediction value 1h the opti num node detected in the
m nut e nokbeepr 8dlClibOACE N toghdinRin nRIdPYL19b shhecRr eLCE] PP, val ue in
the direct node is instructed. :
' prediction. The optimum mode to be detected is the optimum

mode for reference frames described with reference to Fig. 3,

for all motion compensation blocks having different sizes

described with reference to Fig. 4 and for respettive

macroblocks acgording to combination of the prediction

directions. The inter mode decision circuit 43 notifies the

decided result to a minute motion prediction circuit 44.

The minute motion prediction circuit 44 performs motion
prédiction processing according to the 1/4 pixel precision
described with reference to Fig.l 5 only in the prediction mode
relating to the notification and calculatés a true cost value
by the expression (13). When the direct mode can be applied
by performing bi-directional prediction in the prediction mode
detected as the above, .the motion prediction processing

B .according to the 1/4 pixel precision is performed and the cost
value is calculated by the expression {13). The minute motion
plrediction circuit 44 notifies the cost value calculated as

the above to an intra/inter mode decision circuit 45. When

encoding by the inter prediction is instructed from the
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On the other hand, when perform ng encodi ng processing by the intra

predi ction, the optimum node relating to the intra predictionis notified
to the intra prediction circuit 5, and output of the prediction value is
instructed. Best _Mdde = argmin( Cost( Node )) Made Mode e {

Best _Inter_Node Direct (lode Intra4x4 , Intral6x16 ) .. _.. (28) 40
Accordingly, Fig. 13 is a flowhart showi ng a series of processing
procedures of the encoding apparatus 40 relating to detection of the

opti mum node. The encodi ng apparatus 40 proceeds fromstep SPl to step SP2
by executing the processing procedures at each macrobl ock, and perforns
mot i on pr ediotd/ont eminplet dec i sitoaget r piitelt S prewidsictd owi tdl veespedthet 0 al |
inter prediction nodes as candidates, and in the next step SP3,

cal cul at estEHANGE T aledpe dhievesiprodiffenortonivael ere ggndratiede i nt eger
pi xel precjsion by the notion prediction in step SPl. In the next step
SP4, the et? FRRCPEANVAMeEeqFCqdrdiggdio thminat narhirn e heoattRHItess i s

cal cul at ed as .descri bed above, and in step SP5, the mninmmvalue is

det ect ed frOmEhEUPERREHIRT et XA i Fed - of step SP4 to detect the optimum
inter prediction nmpde. | n the next step SP6, the cost value is calcul ated
by i nterpol ati oANBafBbFairdRrpredesdeatsicn i iHEt A% RALMR fthitter in the

opti mum i nt.er. %redi cti on m)fde. In the next step SP7, the cost V%| ues are
cal cul at ed™mum cost value from various cost values outputted from the

intra prediction circuit 5 and the motion
prediction/compensation circuit 41 and detects the optimummode
by executing calculation processing ;)f the following
expression to decide encoding by the intra prediction or the
inter prediction. When performing encoding processing by the
inter prediction according to the decided result, the
corresponding optimum mode is notified to the minute motion
prediction circuit 44 in the motion prediction/compensation
circuit 41, and output of the prediction value in the optimum
mode detected in the minute motion prediction circuit 44 or
qutput of the prediction value inthe dirécﬁ mode is instructed.
On the other hand, when performing encoding processing by the
intra prediction, the optimum mode relating'to the intra
prediction is notified to the intra prediction circuit 5 and

output of the prediction value is instructed.

Best_Mode = arggle in( Cost(Mode))

Wode e { Best_Inter Mode , Direct_Mode , Intradxd , Intrai6xi6 } ... (28)
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all nodes of the direct node, the intra 4x4 prediction node, the intra
16xl 6 prediction node, and in the next step SP8, the optinmmnode is

sel ected by conparison of cost values according to the calculation in
steps SP6 and SP7, then, proceeds to step SP9 to end the series of
processing. (2) Operation of the enbodinment In the above configuration, a
video signal SV which is sequentially inputted in the encodi ng apparat us
40 (Fig. 10) 41 is converted into a video data DI by the anal og/digital
conversion circuit 2, and the video data DI is sorted in order of

processing by the picture sorting buffer 3 to be inputted to the
subtracted circfiffordinge, Fige 14 dsoa dhicwcbiaxitsshewibtg acsedi debdieen
predi ction val ues according to the intra prediction and the inter
predi ct i oPTOGCFEMBY REPPRIGEr 86t Be erredidDy) apperstibsréCimdadang D2 i s
sequent i altlé)ydgr ocessed in the orthogonal transformcircuit 7, the

n

quanti zat i Feetten of 5he epfelnws srdss cfhadinggdéngcappanayuso4Be
converted to an, € coded data D4, and the encoded data D4 is recorded in a
r ecor di ng PFEGEGAP dyF oM dreR oEApFR StaPr 8% bdi #e @Yisinshtha nywcesshagout put
data of thgogggntiz%%ion circuit. .8 js decoded into video data and recorded
in the fr&rS Renbry tecad FarcPRheek: dnddber tidihrelieRiRfeigEdées of inter
“prediction.apd ﬂ tr redi.ction_in,the notion prediction/conpensation
circuit arithns ?hﬂﬁfﬁg?hpﬂﬁg&iEFFSﬁSt??Cﬁ%?hEF%ﬁRﬁﬁ?ﬁﬁﬂga@é tREeFef erence

prediction modes as candidates, and in the next step SP3,

calculates cost values respectiveiy'using:notion.vectors with

the integer pixel precision by the motion prediction in step

SP1. 1In the next step SP4, the estimation value of the cost

value using the cost values is calculated as described above,

and in step SP5, the minimum value is detected from the

calculated values of step SP4 to detect the optimum inter

prediction mode. In the next step SP6, the cost value is

calculated by interpolation calculation processing using the

actual FIR filter in the optimum inter prediction mode.

In the next step SP7, the cost values are calculated in

all modes of the direct mode, the intra 4x4 prediction mode,

the intra 16x16 prediction mode, and in the next step SP8, the

optimummode is selected by comparison of cost values according

to the calculation in steps SP6 and SP7, then, proceeds to step

SPY9 to end the series of processing.

{2) Operation of the embodiment

In the above configuration, a video signal SV which is

sequentially inputted in the encoding apparatus 40 (Fig. 10)
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.video are generated. In the series of processing, cost values in the video
data D are calculated by the cost function indicating encoding efficiency
Wi th respect to respective prediction nodes of the inter prediction and
intra prediction respectively in the notion prediction/conpensation
circuit 41 and the intra prediction circuit 5. Concerning the intra
prediction, the optinmmnode which is nost suitable for encoding
processing is detected by conparison of cost values in respective 42
predi ction nodes. Also in the inter prediction, the optimm node is
detected by conparison of cost values in the sane way, finally, the
opti mum pitedicenvertaBddnte detwictesd detar Bilndgyt dha henajpig/dugi pades in t he
intra/inter node decision circuit 45. Accordingly, in the encoding
apparatuscﬁbYe¥§1?%Cﬂéﬁ?ﬂ%&rtﬁ%ﬁ‘j¥%§l€ﬂ%dhﬁﬁgngﬁ@cégétﬁéjﬁeoﬁéﬁﬁorned by
whi ch prediction nethod aof the intra prediction or the inter prediction
accor di ng°f PrIHEsIpGi lﬂﬂrﬁ%ﬁr EAFEREB NS oI WHEReE he 5t 88eiBPRES$S perf or ned
by the in ratFredié%ionugﬁ redi.ction value according to the optinmum node
J :

i's generat®d“'R PHE“THTY L ofr ciftfie e ahidesuditr R 1 the
UL BCt RS ufE TR 08 SALOCSRIL0Y LRl IR0 By eIt
T 1 TR0 S AN SRTRETSEILEN. £l gl ot a0 oupuLLeg o (e
: data D2, the subtracted data D2 is sequentially processed in
the orthogonal transform circuit 7, the guantization circuit
8 and the lossless encoding circuit 10 to be converted to an
encoded data D4, and the encoded data D4 is recorded in a
‘recording medium by, for example, a recording system. Also,
the output data of the quantization circuit 8 is decoded into
video data and recorded in the frarﬁe memory 16 as reference °
video, and prediction values of inter prediction and intra
prediction in the motion pi:ediction!compensation circuit 41

. and the intra prediction circuit 5 according to the reference

‘video are generated.

In the series of processing, cost values in the video

. data D1 are calculated by the cost function indicating encoding
efficiéncy with respect to respective prediction modes of the
inter prediction and intra prediction respectively in the
motion prediction/compensation circuit 41 and the intra
‘prediction circuit 5. Concerning the intra prediction, the
optimum mode which is most suitable for encoding processing

is detected by . comparison of cost values in respective -
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40, the optimum node is detected fromplural prediction nodes of the
plural intra prediction nodes and plural inter prediction nodes at each
macro bl ock by conparison of cost values by the cost function indicating
encodi ng efficiency, and the video data Dl is sequentially encoded in the
opti mum node. When detecting the opti num node of the inter prediction

node in the above processing, if the true cost value is calculated in each
predi cti on node, calculation processing using the 6-tap FIRfilter
relating to the notion conpensation 43 with the 1/4 pixel precision
beconmes necessary, which makes calculation processing significantly

conpl i cat @FedfgEien graslesi.n Aheo dbGbenkmter postivhioms tihe pespsoni ve
prediction nodes are calculated with the integer pixel precision which
does not & ie desretitdtivononparbsen o esithyaluhe iM Rhéidamr vagnd t he
~optimum node of the inter prediction node is detected based on the cost

val ues. THéR21ld¥sttheaphleinumprrdi GEipe awidsi b desestetarrannslipioxed are
calculated with respect to the optinumnode to detect the opti num nodes in
the i ntr &PSrerfidUmoRode é nakie timé rpfitntrerphedlt cleicéminpdeircuddc®bdi ngly, in
t he enbodinent, it is_gossible to detect the optinmmnodes in the plural

i nter pre8FEPrdingbtednate eRECIDPE 2MPILRTE £F editci Sleaisigestbaty by

erform ng,cal cul.ati on rocessing using the FIRfilter only with respect
IF’.)O t he op?'f"ﬁ-.ijOdlng procgss%ngis Pger ormed by which prediction r¥1ethod P

of the intra prediction or the inter prediction according to
the optimum prediction mode. When the processing is performed
by the intra prediction, a prediction value according to the
optimum mode is generated in the intra prediction circuit 5
and outputted to the subtracting circuit 4. When the
processing is performed by the inter prediction, a prediction
value according to the optimum mode is generated in the motion
prediction/compensation circuit 41 and outputted to the
subtracted circuit 4. Accordingly, in the encoding apparatus
40, the optimum mode is detected from plural prediction modes
of the plural intra prediction modes and plural inter

prediction modes at each macro block by comparison of cost

values by the cost function indicating encoding efficiency,

- and the video data D1 is sequentially encoded ifl the optimum
mode. |

When detecting the optimum mode of the inter prediction
mode in the above processing, if the true cost value is
calculated in each prediction mode, calculation processing

- using the 6-tap FIR filter relating to the motion compensation
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node of the inter prediction, thereby detecting the opti mum node by sinple
processi ng when video data is encoded by detecting the optimum node using
the cost function. Specifically, in the encoding apparatus 40, notion
vectors are detected with the notion-vector detecting precision of one

pi xel in the rough notion prediction circuit 42, and cost values are
detected by the notion vectors in respective prediction nodes of the inter
predi ction node. And the optinmumnode in plural inter prediction nodes is
detected based on cost val ues according to rough notion conpensation
positions relating the notion vectors in the inter node 44 decision
circuit 4g8ithnchepl/Aopigehpensstdion becpaesonaessddary,t hiept ndkes mode with
the precision |ess than one pixel in the mnute notion prediction circuit
44 to cal calarkatinn guscesaling. sigmi fiduintlon combéicasedval ue by the inter
prediction and cost values by the plural intra prediction nodes are judged
in the intra/iTheécivsge Hedhsi onbadimauit, 465t yadeeecin rhepoptinam node,
accordingly, the optinmumnode of the inter prediction node is detected
based on PHeAtIston amadesi dret heabrdldtsidonwoth ofdepi atlegegr mbxel and t he
optimum node jn the intra prediction node and the inter prediction node is
det ect ed BFETHE Fo¥P1GR RS S Bok K dudpe| FARYRGEE O RFPIYFS IBgees 51N | ess

t han one pi xe|.. cretel according to the above processing, the optinum
inter pr etg‘?ecteE!I&%Or‘rEH%rf SetEE fRt RS osle eficHlr dgiter prediction

mode is detected based on the cost values. Then, cost values
with the precision less than one pixel are calculated with
respect to the optimum mode to detect the optimum modes in the
intra prediction mode and the inter prediction mode.
Accordingly, in the embodiment, it is possible to detect the
optimum modes in the plural inter prediction modes and the
plural intra prediction modes only by performing calculation
processing using the FIR filter only with respect to the optimum
mode of the inter prediction, thereby detecting the optimum
mode by simple processing when video data is encoded by
detecting the optimum mode using the cost function.
Specifically, in the encoding apparatus 40, motion
vectors are detected with the motion-vector detecting
precision of one pixel in the rough motion prediction circuit
42, ‘and cost values are detected by the motion vectors in
respective prediction modes of the inter prediction mode. And
the optimum mode in plural inter prediction modes is detected
based on cost values according to rough motion compensation

positions relating the motion vectors in the inter mode
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processing by plural different block sizes, different reference frames and
conbi nation of forward-direction prediction, backward-direction prediction
and bi-directional prediction in the inter prediction node, and the
optimumnode in the intra prediction node and the inter prediction node is
detected fromthe cost value of the optimuminter prediction node. Mre
concretely, in the encodi ng apparatus 40, an estimation value of the cost
value in the notion conpensation position where the cost val ue becones
mnimumw th the precision |ess than one pixel is calculated based on the

cost val -t he rough tion conpensation position in each inter 45
predi ct i o#gﬁgﬁégn‘:ﬁ%ﬁitn f ?ﬁijdgloggefls‘??)‘wecqsra&di"? 43 Pexdariepd ipti num

node in i i.ction nodes i.s detected b conpari son of the
pkHég‘%pﬂl%%{ nBa€ it O ip%ef:ﬁél%g‘oeosoﬁ FBAT ,O%ﬂﬂff‘n%)lhénc%%% val ue

estimation val'ues. Accordingly,

WU the HDkLODAEOTBENSALLAR, ORISCLALON, | PSS Lhag ong i xel 15 det ect ed

fromthe cost valuée" IXel”"prect , , .
Var i ousl y R RAEE B ot AL i o P ER T oo PR S use,
t h‘_er eby_ d@:ﬁﬁi‘éa& g Hﬁ‘@ gﬁﬂfﬂa@ﬂﬂpg%r%fd]itctagob%e &s Brrgdju%t Lan, m)qle by si npl e
processing, which sinplifies the “whol'e catculation: prodessthd-9 n
~addi tion, s ¢helyihber oSk &@i@goﬂjctir}ckﬁ% JBDH; Wtect the optimum mode, |
accordingly, the optimum mode of the inter prediction mode is
detected based on the cost value with the precision of one pixel
or more, and the optimum mode in the intra prediction mode and
the inter prediction mode is detected by the cost value in the
optimum mode with the precision less than one pixel.

Concretely, according to the above processing, the
6ptimum inter prediction mode is detected based on encoding
processing by plural different block sizes, different
reference frames and combination of forward-direction
prediction, backward-direction prediction and bi-directional
prediction in the inter prediction mode, and the optimum mode
in the intra prediction Iﬁode and the inter prediction mode is

- detected from the cost value of the optimum inter prediction
mode . | |

More concretely, in the encoding apparatus 40, an
estimation value of the cost value in the motion compensation
pdsition where the cost value becomes miﬁimum with the

precision less than one pixel is calculated based on the cost

value by the rough motion compensation position in each inter
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conpensation precision | ess than one pixel is detected from the cost val ue
with the pixel precision of one pixel or nore, in the enbodinent, the cost
value in the rough notion conpensation position and cost values in
nei ghbori ng conpensation positions of the rough notion conpensation
position are calculated in the rough notion conpensation position 42, and
the estinmation value is calculated fromthe cost value in the rough notion
conpensati on position and the cost val ues of neighboring conpensation
positions in the inter node decision circuit 43, accordingly, the
estimati onrv%lLue. is detected by reflecting variation of cost val ues
dependi ngP*8AL ThEPhBPAG At 6P A BAdpsiedlisdne, citmtidhd3dearstthag t he
i nter pregi g}lim(l)n rg)ee.to e detected as _the optimum node by 46 the true
cost val usPECCUT &GS 12 14 LAFeF Rbtdldeasimgdes) tedatestedt B ni ni num
val ue Ofc%xﬂﬁaffssén vc?‘,%u is%%e.t ect.ed R’y representi ng.vari ation of cost
val ues by Fhear®t untt | SR SN Y ale Ssi ghcePrEheI Y adi®nthej s
switched ap,the mnigumpgint with respect to the direction in which the
rough notTon comperisa F%n&peoﬁo\g:toﬁai‘éec‘b‘r’fﬁ’et'fgﬁdnoﬁ‘l’h COMB<BPpbsPR e
nei ghbori comensatian positions . sandw chi ng the rough notion
conpensation posltion in E%e?ﬁ?a Heh ﬁén‘,gg%?‘u%teecgtfirﬁﬁtiflb‘?lgc\?é‘ltuﬁajr‘ée det ect ed
based on §he, AU MMV akug; 9f o4 hes cost val ue, thereby detecting the
opti mum node W t hrBisu ffci eJﬁ% Dt eh ST5h B eu'ﬁoroarcfriofgl’ ﬁéi%?ﬁé’rﬁw e
processing used for calculating the estimation value is
variously set s0 as to secure sufficient precision for
practical use, thereby detecting the optimum mode of the inter
prediction mode by simple processing, which simplifies the
whole calculation processing.

In addition, when the cost value with the motion
compensation precision less than one pixel is detected from
the cost value with the pixel precision of one pixel or more,
in the embodiment, the cost wvalue in the rough motion
compensation position and cost values in neighboring

compensation positions of the rough motion compensation

position are calculated in the rough motion compensation

position 42, and the estimation value is calculated from the
cost value in the rough motion compensation position and the
cost values of neighboring compensation positions in the inter
mode decision circuit 43, accordingly, the estimation value
is detected by reflecting variation of cost values depending
on the motion compensation positions, thereby detecting the

inter prediction mode to be detected as the optimum mode by
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processing. By detecting the estimation value using the quadratic

function, instead of the above detection of the estimation value using the
| i near function, the optinmm node can be detected with further higher
precision. Also, plural mnimmvalues are detected by switching tw
opposi te nei ghboring conpensation positions, and the estimation value is
detected fromthe m ni mum value of the plural mninmmval ues, thereby
detecting the opti mum node with further higher precision. In the case that
sufficient precision can be secured for practical use, plural mnimm

val ues are detected by switching two opposite neighboring conpensation

posi tions {hgt ween nggb@g&ﬁé(yg%dfggg@kgh strai ght lines which connect the

rough 47 notion conpensation position with two opposite nei ghboring

conpensati on pogh tdran$, haV &ouel @tdan Ebg%.‘i’?@'@t Otﬁ@&%ﬁ}élgﬁrvfalu S a

result, the optinum node can be detected urther si processi ng.

When the eastnyabye dﬁ@l&%@%@@ﬂﬁﬁ%%&&ﬁ'n@ PLELLSI AN oA dgscri bed

above, in the enbodinment, in the case adj acent notlon conpensation
bl ock and va1mekimnthe ANMPRATAFLN: RUOCK A5 R PLOGSSH JARUR AR Lhe sane

macr obl ock, the notion vector relating to the rough noti on conpensation
position iis seitased he tHELALAE A JHhicOR MEekapealt d REcGPStection
in which the rough motion compensation position is connected
with two opposite neighboring compensation positions
sandwichihg the rough motion compensation position in between,
then, the estimation value is detected based on the minimum
value of the cost value, thereby detecting the optimum mode
with sufficient precision for practical use by simple
processing.

By detecting the estimation value using the gquadratic
function, instead of the above detection of the estimation
value using the 1linear function,_the optimum mode can be
detected with further higher precision.

Also, piural minimum values are detected by switching
two dpposite neighboring compensation positions, aﬁd the
estimation value is detected from the minimum value of the
plural minimum values, thereby detecting the optimum mode with
further higher precision.

In the case that sufficient precision can be secured for
practical use, plural minimum values are detected by switching
two opposite neighboring compensation positions between

combinations in which straight lines which connect the rough
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value is cal cul ated, thereby further sinplifying the processing.
Specifically, in this case, the prediction notion vector is set by the
notion vector in the adjacent notion conpensation block which has been

‘al ready encoded, and information of the notion vector is transnitted based
on the prediction notion vector, consequently, it beconmes necessary that
cost values are calculated by setting prediction notion vectors with
respect to all notion vectors whose setting are predicted in the adjacent
not i on conpensation block in actuality. However, by performng the
processi ng as the above, the nunber of <calculation tinmes for the cost

[ ially. A di. ngl in_ thi ‘ ,.the. noti
vector rol Bragt SoRREr o st PaRB Bhb ke QP BiRie Mot Lol Sas the

vector relatin roug t1on cofnpensa 0]
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sufficient precision practical use an rsinpl iTying he

Processi Ngqs (é}eégﬁﬁttﬂgecﬁ»t%g}en%ocfe’?%ﬁ %@e&‘été%%%%g?i%;éﬂrweé h§m§%38¥ ©

configuration, the optinum no e inter pre tion node det ect ed
based on theccostiNgl ue wth the integer pixel precision, and the cost
value with the precision |ess than one pixel is calculated in the optinum

mode to detect Wi ORhE MUYsHOAES L he danihad 1pLadiGldon, odg; gpd  the
inter prediction node, thereby detecting the optinum node

precision as described above, in the embodimént, in the case
that an adjacent motion compensation block and a motion
compensation block as a process target are the same macroblock,
the motion vector relating to the rough motion compensation
position is set as the prediction motioﬁ vector and the cost
value 1is calculated, thefeby further simplifying the
processing.

Specifically, in this case, the prediction motion vector
is set by the motion vector in the adjacent motion compensation
block which has been already encoded, and information of the
motion vector is transmitted based on the prediction motion
vector, consequently, it becomes necessary that cost values
are calculated by setting prediction motion vectors with
respect to all motion vectors whose setting are predicted.in
theadjaceﬁtnwtioncompensationblockinactuality. However,
by pefforming the processing as the above, the number of
calculation times for the cost values increases exponentially.
Acéordingly, in this case, the motion vector relating to the

~rough motion compensation position is set as the prediction

motion wvector to calculate the cost value, thereby securing
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by sinple processing when video data is encoded by detecting the optinum
node using the cost function. Accordingly, when these inter prediction
nodes ‘are inter prediction encoding processing which perfornms notion
conpensation by different plural block sizes, inter prediction encoding
processi ng which perfornms notion conpensation by wusing different reference
frames, further, the inter prediction encoding processing by forward
direction prediction, backward direction prediction and bi-directional
predi ction, the opti num node can be detected by sinple processing. At this
time, the estimation value of the cost value in the notion conpensation

position . . Ok nj i L S] | ess t han
bne pi xel Po AT ot SPEe B e e L ek e e RRBE Bl o
conpensati @Re POSiddOH At each inter prediction node, and the optinum node

49 in plural inter prediction nodes is detected by conpari son of

estimation vl u@saddhgdsubal chbt i feli Al i on nodes, thereby setting
cal cul ati on processing used for the calculation of the estinmation value

variously to detgtdorddiBgops itREMBBEE @ndifiBfariBhedind iph i iRRendYe Simpl e
" processing, which sinplifies the whole calculation processing. Mre

concr et el yoftuhe LOSir yaddrcd ibd hedé Qe tliteana SLMPeRBaldHE POBAL I On as
- well as cost values in neighboring

with the integer pixel precision, and the cost value with the
precision less than one pixel is‘cal-culated in the optimum mode

to detect the optimum modes in the intra prediction mode and

the inter prediction mode, thereby detecting the optimum mode

by simple processing when video data is encoded by detecting

the optimum mode using the cost function.

Accordingly, when these inter prediction modes are inter
prediction encoding processing which ‘performs motion
compensation by different plural block sizes, inter prediction
encoding processing which performs motion compensation by
using different reference frames, further, the inter
prediction encoding processing by forward direction
prediction, backward direction prediction and bi-directional
prediction, the optimum mode can be detected by simple
processing.

At this time, the estimation wvalue of the cost value in
the motion compensation position where the cost value becomes
minimum with the precisioh less than one pixel is calculated
based on the cost value in the rough motion compensation

position at each inter prediction mode, and the optimum mode
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conpensati on positions of the rough notion conpensation position are

cal culated, and the estimation value is calculated based on the cost val ue
in the rough notion conpensation position and the cost val ues of _

nei ghboring conpensation positions, accordingly, the estimation value is
detected by reflecting variations of cost values by notion conpensation
positions, as a result, the inter prediction node to be detected as the
opti mum node by the true cost value can be detected accurately. In the
inter node decision circuit 43, the mninmmvalue of the cost value is
detected by representing variation of cost values by the |inear function

001 U308 ol 1o OLRLEN, e SRl e L U PRI

£ o
respect tot Irection € rou 7 position
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sandwi chi ng the rough notion gﬁbensa Ion position in weerr,"““*fhen, the

estlmt} oMok i b1 ARLAGLeGL PASR QfY (0Sq FoDl UL, PO, VAL, OF e cos!

val ue, thereby detecting the optimm’node t I Clent precision for

practi cal di i ishiPlihie PLOESSS G0 FAR! E6L DY 1OR 31 JRGLQA, VAl ue by

using the quadratic function instead of the ear function, the optinmum

mode can deddekesherodt thy furdher ighel iREechat o s AlSIC £ iRIUERL M i mum
~values are detected by switching
whole calculation processing.

More concretely, the cost value in the rough motion
compensation position as well as cost values in neighboring
compensation positions of the rough motion compensation

.positionaiecalculated,andtheéstimationvalueiscalculated
based on the cost value in the rough motion compensation
position and the cost values of neighboring compensation
positions, accordingly, the estimation value is detected by
'reflecting variations of cost values by motion compensation
positions, as a result, the inter prediction mode to be detected

as the optimum mode by the true cost value can be detected

accurately.

- In the inter mode decision circuit 43, the minimum value
of the cost value is detected by representing variation of cost

values by the linear function in which the sign of the gradient

is switched at the minimum point with respect to the direction
in which the rough motion compensation position is connected
with two opposite neighboring compensation positions
sandwiching the rough motion compensation position in between,

then, the estimation value is detected based on the minimum
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two opposite nei ghboring conpensation positions, and the estimation val ue
is detected fromthe m ni numval ue of the plural m ninmmval ues, thereby
detecting the optimum node with further higher precision. The above
switching is perforned between conbinations in which straight |ines which
connect the rough notion conpensation position with two opposite

nei ghboring conpensation positions have relation orthogonal to each other,
t hereby detecting the opti mum node by further sinpler processing.
Accordingly, by detecting the inter prediction node of the estimation
value as the m ninumvalue fromestimtion values obtained as the above,

the optimugimRdes thePbasalvdfeer +nhREEd %é&r&&qgg,féhga% at&@%%%%ed by

si npl e processing. Wen the cost function use cal Ion for the cost

value is tdeH UBGEE DR Wt CRBiY8Soh herAMOYRL 0f c£0de sseg, f Qs phansni ssi on
of the notion vector with respect to the error value between the original
picture angkdde@sprgdiction picture, 51 and transm ssion of the notion
vector is the transm ssion of notion vector in which the prediction notion

vector is set bpy ddiedfihigorhe/ 86t Ofa @hrAGENhe HY ML & QAR Ha@A cbl ock
whi ch has been already encoded, and the transnission is based on the

predi cti orfumettiion Meedadd ofntidheigase mhaicilhe aEld agRAhuiDhe O can
conpensation block and the notion conpensation block as the
be detected with further higher precision.

Also, plural minimum values are detected by switching
two opposite neighboring compensation positions, and the
restimation value is detected from the minimum value of the
plural minimum vaiues, thereby detecting the optimum mode with
further higher precision.

The above switching is performed between combinations
in which straight lines which connect the rough motion
compensation position with two opposite neighboring
compensation positions have relation orthogonal to each other,

thereby detecting the optimum mode by further simpler

processing.

Accordingly, by detecting the inter prediction mode of

the estimation wvalue as the minimum value from estimation
values obtained as the above, the optimum modes in plurai inter
prediction modes can be detected by simple processing.

When the cost function used for calculation for the cost
value is the function which gives the amount of code used for
transmission of‘ the motion vector with respect to the error

-value between the original picture and the prediction picture,
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process target are the same macrobl ock, the notion vector relating to
rough notion conpensation position detected in the rough nmotion
conpensation circuit is set as the prediction notion vector to calculate
the cost value, thereby further sinplifying the processing. (4) Another
enbodi ment I'n the above enbodi ment, the case in which the cost value is
cal cul ated by the rough notion conpensation position with one pixel
precision to detect the optimum node of the inter prediction node has been
descri bed, however, the invention is not limted to this, and it is also
preferable that the rough cost value is calculated wth the integer pixe

precisi on ahd Zrfisxelssioh FRIGIRERISHT FLoLont PEAC! SIANEA NG sgoured for

practical use. Also in the above enbodi nent, e case In Ich 'nmotio

conpensat i a8t Obn t\*&ﬂolﬂrilﬁlaﬂﬁ%hsizlgé‘?}Jréﬁ.d%@.'bﬁu%@@gomt}tgp_giéls%t Bl xel
precision by using the 6-tap FIR filter has been described, however, the

i nvention tBemetibhdabt 8dfdtient ABibk dompWhdslYon #BLKEMH i RagaSE i N
whi ch notion conpensation is perforned 52 with the precision |ess than one

pi xel usinge&h Ralidddy enebdetileanar tPsst PalleTs Glort ARSHa8BE bHIEHET, a case
in which notion conpensation of the color-difference signal is performnmed

in the sapeediytiamdmbhioh iviketoA] sih tRetdicabpye t@abad fmme mbheogase in
whi ch the
‘ compensation block and the motion compensation block as the
Pprocess target are the same macroblock, the motion vector
relating to rough motion compensation position detected in the
rough motion compensation circuit is set as the prediction
motion vector to calculate the cost value, thereby furthef
simplifying the processing.
(4) Another embodiment
In the above embodiment, the case in which the cost value
is calculated by the rough motion compensation position with
one pixel precision to detect the optimum mode of the inter
prediétion mode has been described, however, the invention is
not limited to this, and it is also preferable that the rough
cost value is calculated with the integer pixel precision of
2 pixels or more when sufficient precision can be secured for
~practical use.
Also in the above embodiment, the case in which motion
compensation of the luminance signal is performed with the 1/4
pixel precisionbyusing the 6-tap FIR filter has been described,

‘however, the invention is not limited to this, and it is widely

-applied to a case in which motion compensation is performed
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invention is applied to Low Conplexity Mbde in the AVC has been descri bed,
however, the invention is not limted to this, and it is also preferable
that it is applied to Hi gh Conplexity Mde. Also in the above enbodi nent,
the case in which the invention is applied to the encodi ng apparat us
according to the AVC has been described, however, the invention is not
limted to this, and it is widely applied to a case in which encoding
processing of video data is perforned by detecting the opti num node from
plural intra prediction nodes and plural inter prediction nodes at each
macr obl ock by conparison of cost values according to the cost function

i ndi cati ngri@RCORE NGre &fdilki €BSY. tALS Gdd dibe12hQY R eFPOdMRNLs e case in
which the invention is applied to the configuration of hardware has been

descri bed tnbovenietus hlgod NN Y) bfid TRl thel (Ldak0 thhSicRRdeibh can be
wi dely applied also to a case in which video data is processed by

sof twar e. cAmpengatidd &t shehcenspdingre RREESIHAL1 and slacodindg prOCEssi ng
relating to software can be applied to, for exanple, a case in which the

-program i $he53ape ovaglethdbyheettwreks such as Internet, and a case in which
it is provided by various recording nedia such as an optical disk, a
magneti c di sk amib@ irenthey Osswk driAdSIBhAlL. ARBLLEABI LhT¥hich the
invention is applied to Low Complexity Mode in the AVC has been
- described, however, the invention is not limited to this, and
:it is also preferable that it is applied to High Complexity
Mode.
Also in the above embodiment, the case in which the
invention is applied to the encoding apparatus according to
the AVC has been described, however, the invention is not
limited to this, and it is widely applied to a case in which
encoding processing of video data is performed by detecting
the optimum mode from plural intra prediction modes and plural
inter prediction modes at each macroblock by comparison of cost
values according to the cost function indicating encoding
efficiency.

Also in the above embodiment, the case in which the

invention is applied to the configuration of hardware has been

described, however, the invention is not limited to this, and

it can be widely applied also to a case in which video data
- is processed by software. A program for such encoding
processing and decoding processing relating to software can

be applied to, for example, a case in which the program is
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The invention relates to an encodi ng apparatus, an encoding nethod, a
program for the encoding nethod and a recordi ng nedi um which records the
program for the encoding method, which can be applied to a video canera,
an electronic still canera, a nonitoring device and the |ike which record
imaging results by notion pictures. 54 Clains 1. An encodi ng appar at us
whi ch detects the opti mum node used for encodi ng processing from pl ural
intra prediction nodes and plural inter prediction nodes at each

macr obl ock by conparison of cost values according to a cost function

i ndi cating encodi ng efficiency, and perforns encoding processing of video
‘data in thecoptédwd ABERor EOHUIS hBUEnt FrigNa ALY @A sRr £ GlicAN; €1 rcui t
detecting a notion vector with an integer pixel precision and cal cul ating
the cost isadmeriideday oHghodD et raQARQRIALI AEPLSidn SP: Y- 1 hesRDti on
vector in each inter prediction node; an inter node decision circuit

det ect i ngat hegopt icunswdad bnméherpledl. i nter prediction nodes based on
the cost value in the rough notion conpensation position; a mnute notion
prediction circuit calculating the cost value by perform ng notion
conpensation with a precision less than one pixel with respect to the
opti num node detected by INWSTRIAL APRRICAEIISITON circuit; and

The invention relates to an encoding apparatus, an
encoding method, a program for the encoding method and a
recording medium which records the program for the encoding
method, which can be applied to a video camera; an electronic
still camera, a monitoring device and the like which record

imaging results by motion pictures.
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an intra/inter node decision circuit detecting the optinmm node used for
t he encodi ng processing by conparison of the cost value by the mnute
notion prediction circuit and the cost value by the plural intra

predi cti on nodes. 2. The encodi ng apparatus according to claiml1, 55
wherein the plural inter prediction nodes is inter prediction encoding
processi ng perform ng notion conpensation according to different plural
bl ock sizes. 3. The encodi ng apparatus according to claim1l, wherein the
plural inter prediction nodes is inter prediction encoding processing
performng notion prediction by using different reference franes. 4. The
encodi ng apparatus according to clgimil. wherein the plural inter

predi ction nodes is inter prediction encoding processing by a
forward-direction prediction, a backward direction prediction and

bi -directional prediction. 5. The encoding apparatus according to claiml,
wherein the inter nhdendedisy aPpstitud bncahUdAlRs Ak 65E1HBL LBA VAl ue of

the cost value in a notion conpensation. position where the cost val ue

becomes  misRUMYR dhddU i PEOEd SildNF &m HESSat AR ORE B ¥Bk oh o8BSO TNt er
predi cti on node based on the cost value in the rough notion conpensation

position, aald plural inter prediction modes at each macroblock by

comparison of cost values according to a cost function
indicating encoding efficiency, and performs encoding
processing of video data in the optimum mode, comprising:

a rough motion prediction circuit detecting a motion
vector with an integer pixel precision and calculating the cost
value in a rough.mof.ion compensation position by the motion
vector in each inter prediction mode;

an inter mode decision circuit detecting the optimum mode
in the plural inter prediction modes based on the cost value
in the rough motion compensation position;

a minute motion prediction circuit calculating the cost
value by performing motion compensation with a precision less
than one pixel with respect to the optimum mode detected by
the inter mode decision circuit; and

an intra/inter mode decision circuit detecting the
optimum mode used for the encoding processing by comparison

‘ of the cost value by the minute motion prediction circuit and

the cost value by the plural intra prediction modes.

-2.. The encoding apparatus accoxding to claim 1,
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detects the optimum node in the plural inter prediction nodes by

conpari son of the estimation values in the plural inter prediction nodes.
56 6. The encodi ng apparatus according to claim5, wherein the rough
notion prediction circuit calculates the cost value in the rough notion
conpensation position as well as the cost values in neighboring
conpensati on positions of the rough notion conpensation position in each
inter prediction node, and wherein the inter node decision circuit

cal cul ates the estimation value fromthe cost value in the rough notion
conpensation position and the cost values in the neighboring conpensation

positions in eaahekdigr tpee@diakhon inBde. phealheisNCRILAY ARPALRLYS
according to claim6, wherein the inter node decision circuit detects the

m ni mum valneeliof i bhemesti nyg ey ihgfastding tRioald b Hsatgest val ues
by the linear function in which the sign of the gradient is swtched at
t he m ni mamcpaidihgwibd hdt especit pHourhe bUbsecdiAw.in which the rough notion
conpensation position is connected with two opposite nei ghboring
conpensati on -positions sandw ching the rough notion conpensati on position
in between, and detects the estimation value based on the m ninum val ue of
t he cost val ue. 38. THee eanodingr@EPRaEAtsURcaoeal i ntp td. adkailm 6,
wherein the plural inter prediction modes is inter
prediction encoding'processing performing motion prediction

by using different reference frames.

4. The encoding apparatus according to claim 1,

wherein the plural inter prediction modes is inter
prediction encoding processing by a férward—direétion
prediction, a backward direction prediction and

bi-directional prediction.

5. The encoding apparatus according to claim 1,
wherein fhe inter mode decision circuit
calculates an estimation value of the cost value in a
- motion compensation. position where the cost value becomes
. minimum with the precision of less than one pixel in each inter
prediction mode based on the cost value in the rough motion
compensation position, and
detects the optimum mode in the plural inter prediction
modes by comparison of the estimation values in the plural inter

prediction modes.
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wherein the inter node decision circuit detects the 57 m ninmm val ue of
the cost value by representing variation of cost values by the quadratic
function with respect to the direction in which the rough notion
conpensation position is connected with two opposite nei ghboring
conpensation positions sandw ching the rough notion conpensation position
in between, and detects the estimation value based on the m nimum val ue of
the cost value. 9. The encodi ng apparatus according to claim7, wherein.
the inter node decision circuit detects plural mninumvalues by swtching
two opposite neighboring conpensation positions and detects the estimation
val ue based on the mninmmvalue in the plural m ninmumval ues. 10. The
encodi ng apparatus according to claim@8, wherein the inter node decision

circuit detectss pl gh8l ondBdi P EPEAIURHSPYSUEALIY NG TN 1GPBOSI T e
nei ghboring conpensation positions and detects the estimation val ue based

on the n1nirﬂ”“ﬂﬁ@ﬂéiniBhEhEoQgHrﬁ%tiﬂdﬂﬁ?@@&%@hHﬁSciééuiﬂhe encodi ng
apparatus according to claim9, wherein the switching of two opposite

nei ghboring comeRgakesn pasittese ivatihe sw t alang heigheenoeeshi nations
in which straight lines which connect the rough notion conpensation
position BbiBet $¥x 1QPPOGH 1161 Jieh AN LY th8 cost values in neighboring
compensation positions o©f the rough motion compensation
position in each inter prediction mode, and
wherein the inter mode decision circuit calculates the
estimation value from the cost wvalue in the rough motion

compensation position and the cost values in the neighboring

compensation positions in each inter prediction mode.

7. The encoding apparatus according to claim 6,

wherein the inter mode decision circuit detects the
minimum value of the cost value by representing variation of
cost vaiues'by the linear function in which the sign of the
gradient is switched at the minimum point with respect to the
direction in which the rough motion compensation position is
connected with two opposite neighboring compensation
positions sandwiching the rough motion compensation position
in between, and detects the estimation value based on the

minimum value of the cost value.

8. The encoding apparatus according to.claim &,

wherein the inter mode decision circuit detects the
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conpensati on positions have relation orthogonal to each other. 12. The
encodi ng apparatus according to claim 10, wherein the switching of two
opposi te nei ghboring conpensation positions is the sw tching between

conmbi nations in which straight |ines which connect the rough notion
conpensation position with two opposite nei ghboring conpensation positions
have rel ation orthogonal to each other. 13. The encodi ng apparat us
according to claim5, wherein the inter node decision circuit detects the
optimum node in the plural inter prediction nodes by detecting the inter
predi cti on node of the estimation value as the m ninum value from

esti mati Op; MM S d 1 el G%I PLUT st BLehe %nf?iﬁgrlegg?t?ﬁcgevsarija%iolhﬁgenCOdi ng

apparatus according to claim1, wherei cos ctionist function

whi ch i Vesst | gLaspUDy ehe CQURIUSEL, [RlndiiBASHL SAI 0BsBLL NEoMRLL ON Vect or
a a

Wi th respect to an error val ue between an origin pi cture an

predi cti onipb&t 1k i IVIRE 8h NeHd1€ oliRNESE S5 QBnBEnbhe: SR eGtpL IS the
transm ssion of notion vector in which a prediction nbtion vector is set

by the nDtbffledesd Orwith antwsl agepbs M | Ok SRR IRMEBLegK  ¥hi ch has
been al ready encoded, and the 59 transm ssion is based on the prediction
noti on vepbsitidi sandet ehing e @UGEh MIUiON coRPENsAlidNpekieibdt, I n the

in between, and detects the estimation value based on the

minimum value of the cost value.

9. The endoding apparatus according to claim 7,

wherein the inter mode decision circuit detects plural
minimum values by switching two opposite neighboring
compensation positions and detects the estimation value based

on the minimum value in the plural minimum values.

10. The encoding apparatus according to claim 8,

wherein the inter mode decision circuit detlectsr plural
minimum values by switching two opposite neighboring
compensation positions and detects the estimation value based

on the minimum value in the plural minimum values.

11. The .encoding apparatus according to claim 9,

wherein the switching of two opposite neighboring
compensation positions is the switching between combinations
in which 'straight lines which connect the rough motion

compensation position with two opposite neighboring




case that the adjacent notion conpensation block and a notion conpensation
bl ock as a process target are the sanme macrobl ock, sets a notion vector
relating to rough notion conpensation position detected in the rough
notion prediction circuit as the prediction notion vector to calculate the
cost value. 15. The encodi ng apparatus according to claim1l, wherein the
m nute notion prediction circuit calculates the cost value by performng
notion conpensation with a 1/4 pixel precision using a FIR filter having
the prescribed nunber of taps. 16. The encodi ng apparatus according to
claiml1, wherein the plural intra prediction nodes are an intra 4x4

predi cti oRcARARsAPHoRBok ML Snd BXHE KNG CHI AR RS a1 4T o4 8@?89( ng met hod
whi ch detects the optinum node wused for encodi ng processing from plural
intra prediction nodes and plural inter prediction nodes at each

macr obl ock by conparison of cost values according to a cost function

i ndi cating encod: ngTetf babeMmYy A ReLEOREB.LALRM Y c1RkACEESI ng of video
data in the opti mum node, conprising: a rough cost val ue cal cul ation step

detecting a nDtireiBD YBE! @kivkhingn JfNt €GET oPb%¥Sk I @@li$heBr 8R4

calculating the cost value in a rough notion conpensation position by the

nmoti on veehpéns#it BHE posAtebnPriede st i On 1My BEthddElcomddaadeshsi on step

~detecting the opti mum node

- in which straight 1lines which connect the rough motion
compensation position with two opposite neighboring

compensation positions have relation orthogonal to each other.

13. The encoding apparatus accdrding to claim 5,

wherein the inter mode decision circuit detecté the
optimum mode in the plufal inter prediction modes by detecting
the inter prediction mode of the estimation value as the minimum
value from estimation values in the plural inter prediction

modes.

14. The encoding apparatus according to claim 1,

wherein the cost function is the function which gives
the amount of code used for transmission of the motion vector
with respect to an error value between an original picture and

. a prediction picture,

wherein the transmission of the motion vector is the
transmission of motion vector in which a predictioh metion
vector is set by the motion wvector in an adjacent motion

'compensation block which has been already encoded, and the
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in the plural inter prediction nodes based on the cost value in the rough
noti on conpensation position; a mnute cost value cal cul ation step
calculating the cost value by perform ng notion conpensation with a
precision less than one pixel with respect to the opti mum node detected by
the inter node decision step; and an intra/inter node decision step
‘detecting the opti mum node used for the encoding processing by conparison
of the cost value by the cost value calculation step and the cost val ue

by the plural intra prediction nodes. 18. A program for an encodi ng net hod
i ncluding an opti num node detecting step detecting the opti num node from
plural i ntranphedscdd o mades 8RdeRbUSAbad il REELAT Lo JPdesq at each
macr obl ock by conpari son of cost values according to a cost function

i ndi cating encoghdieief fthei eBeyn A AN LRERALAL: o P OGRS 15t eReper f ormi ng
encodi ng processing of video data in the optinmm node, wherein the optinmm
nmode det eehbBOIEtERhE P ReT m8t{ SN PbrEReLaYAbH S 16RIKCHhALd AB+SLEP
detecting a notion vector with an integer pixel precision and cal cul ating
the cost cbhpy¥abaeidmbactRUghn PROESSs ERNBEESAL i Bask Ha@RoBYobRe NOti on
vector in each inter prediction node; an inter node decision step detecting
t he opti maatavdemotivd heeqlair aklhniiay poedoedh abtimaeshpsadadiiohhe cost

- val ue

position detected in the rough motion prediction circuit as

the prediction motion vector to calculate the cost value.

15. The encoding apparatus accérding to claim 1,

wherein the minute motion prediction circuit calculates
the cost value by performing motion compensation with a 1/4
pixelprécisionusingeaFIRfilterhavingtheprescribednumber

of taps.

16. The encoding apparatus according to claim 1,

wherein the plural intra prediction modes are an intra

4x4 prediction mode and an intra 16x16 prediction mode.

17. An encoding method which detects the optimum mode
used for encoding processing fromplural intra prediction modes
and plural inter prediction modes at each macroblock by
_comparison of cost wvalues according to a cost function
‘indicating encoding efficiency, and performs encoding
processing of video data in the optimum mode, comprising:

~a rough cost value calculation step detecting a motion
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in the rough notion conpensation position; a mnute cost value cal cul ation
step calculating the cost value by perform ng notion conpensation with a
precision less than one pixel with respect to the opti mum node detected by
the inter node decision step; and an intra/inter node decision step
detecting the opti mum node used for the encodi ng processing by conparison
of the cost value by the m nute cost value cal culation step and the cost
value by the plural intra prediction nodes. 19. A recording medi um whi ch
records a programfor an encoding nmethod executed by a cal cul ation
processi ng neans, wherein the programfor the encoding nethod includes an

opti mum WQ@tQ@E«QEBia'&Qi&E&%ﬂﬁiﬁ&i brecibeopRhmaNsmdeine@ dral intra
predi ction nodes and plural inter prediction nodes at each macrobl ock by

conpari sofabie Cista ¥BhYBSmELH HdiPenbat Bok 08ds ftie YN chadh&@tdng encodi ng
efficiency, and an encodi ng processing step perform ng encoding processing

of video dateoi Nid RROBPELEEM PRSEicaith Wageei n the opti num node detection
step conprises: a rough cost value calculation step detecting a notion 62

vector with an dmtager gbaeldepietbsi Stepadreat chy alid@pthruaasdde val ue in a
rough notion conpensation position by the notion vector in each inter
predi cti ofnndde planal iefempdeddecish adicpadetieai ithg thet opdlivaum node
in the rough motion compensation position;
aminute cost value calculation step calculating the cost
value by performing motion compensation with a precision less
than one pixel with respect to the optimum mode detected by
the inter mode decision step; and
an intra/inter mode décision step detecting the optimum
mode used for the encoding processing by comparison of the cost

value by the cost value calculation step and the cost value

by the plural intra prediction modes.

18. A program for an encoding method including an
optimum mode detecting step detecting the optimum mode from
plural intra prediction modes and plural inter prediction modes
at each macroblock by comparison of cost values according to
a cost function indicating encoding efficiency, and an encoding
processing step performing encoding processing of video data

. in the 6ptimum mode,
| wherein the optimum mode detecting step comprises:
a rough cost value calculation step detecting a motion

- vector with an integer pixel precision and calculating the cost
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in the plural inter prediction nodes based on the cost value in the rough
noti on conpensation position; a mnute cost value, calculation step
calculating the cost value by perform ng notion conpensation with a
precision less than one pixel with respect to the opti num node detected by
the inter node decision step; and an intra/inter node decision step
detecting the opti num node used for the encodi ng processing by conparlson
of the cost value by the mnute cost value calculation step and the cost
value by the plural intra prediction nodes. 63

value in a rough motion compensation position by the motion
vector in each inter prediction mode;

an inter mode decision step detecting the optimum mode
in the plural inter prediction modes based on the cost value
in the rough motion cémpensation position;

aminute cost value calculation step calculating the cost
value by performing motion compensation with a precision less
than one pixel with respect teo the optimum mode detected by
the inter mode decision step; and

an intra/inter mode decision step detecting the optimum
mode used for the encoding processing by comparison of the cost
value by the minute cost value calculation step and the cost

value by the plural intra prediction modes.

19. A recording medium which records a program for an
encoding method executed by a calculation processing means,
wherein the program for the encoding method includes

an optimum mode detecting step detecting the optimum mode
frmnpluralintraprédictionnmdesandpﬂuralinterprediction

modes at each macroblock by comparison of cost values according

to a cost function indicating encoding efficiency, and

an encoding processing step performing encoding
processing of video data in the optimum mode, and
wherein the optimum mode detection step comprises:

a rough cost value calculation step detecting a motion
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vector with an integer pixel precision and calculating the cost
value in a rough motion compensation position by the motion
vector in.each inter prediction mode;

an inter mode decision step detecting the optimum mode
in the plural inter prediction modes based on the cost value
in the rough motion compensation position;

aminute cost value calculation step calculating the cost
value by performing motion compensation with a precision less
than one pixel with respect to the optimum mode detected by
the inter mode decision step; and

an intra/inter mode decision step detecting the optimum
mode used for the encoding processing by comparison of the cost
- value by the minute cost value calculation step and the cost

value by the plural intra prediction modes.
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