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relates generally to digital video processing and in
particular to digital video.jcoding and conpression.
BACKGROUND 10 To achi eve the highest coding
efficiency, advanced video coding (AVC) enploys rate:
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Estimation," JTVT-F011, 6th Meeting, Awaji Island, Japan, December 5-13, 2002; Zhibo
Chen, Peng Zhou, and Yun He, "Fast Integer Pel and Fractional Pel Motion Estimation
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Intra coding refers to the case where only spatial redundancies within a video
picture are exploited. The resulting picture is referred to as an I-picture. Traditionally, I-
pictures are encoded by directly applying a transform to all macroblocks in the picture,

which generates a much larger number of data bits compared to that of inter coding. To
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inter coding. To WO 2004/ 080084 PCT/ SG2004/ 000047 -2
increase the efficiency of the intra coding, spatia
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t he encoder is extrenel¥ . SUMVARY
592 RDO calculations must be performe. before a best RDO is determined.

Consequently, the complexity and computational load of the encoder is extremely high.

SUMMARY
In accordance with one aspect of the invention, there is provided a method of
AVC intra prediction to code digital video comprising a plurality of pictures. The
method comprises the steps of: generating edge directional information for each intra
block of a digital picture; and choosing most probable intra prediction modes for rate

distortion optimisation dependent upon the generated edge directional information.
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30 nethod conprises the steps of: generating edge
directional information for egch intra block of a
digital picture; and choosing nost probable intra
predi cti on nodes for rate di stortion optinisation
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BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention are described hereinafter with reference to the

drawings, in which:
Fig. 1 is an example of intra prediction for a 4x4 luma block;

Fig. 2 15 an example of edge direction histogram for a 4x4 luma block;
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in which: 30 Fig. 1 is an exanple of intra prediction
for a 4x4 luma block;, Fig. 2 _js an exanple of edge
direction histogramfor a 4x4 |uma bl ock; WO
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gorrthmncreas
plcture only a small number of most possible intra prediction modes are chosen for the

RDO calculation. Therefore, the fast mode decision algorithm increases significantly the
speed of intra coding. The pixels along a local edge direction are normally of similar
values (both luma and chroma components). Therefore, a good prediction may be
achieved if the pixels are predicted using those neighbouring pixels that are in the same
direction as an edge.

Embodiments of the invention have one or more of the following features: Edge
directional information in an image block (4x4, 8x8, 16x16, or any other block size) is
used to guide the process of intra prediction;

Edge direction histogram may be used as the local edge directional information to

guide the process of intra prediction;



speed of intra coding. The pixels along a | ocal edge
direction are normally of simlar 25 values (both |unma

w@na4080084ma conponents). Therefore, a good preRPCTSGINNG/000047

10

15

25

30

may be achieved if the pixels are predicted using

t hose nei ghbouring pixels tha_are in the same
direction as an edge. Enbodinents of the invention
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scheme based on edge direction histogram gives better performance. Therefore, the mode

decision scheme described is based on edge direction histogram.

Edge map

To obtain edge information in the neighbourhood of an intra block to be
predicted, edge operators, such as Sobel edge operators, may be applied to an intra image
to generate the edge map. Each pixel in the intra image is then associated with an
element in the edge map, which is the edge vector containing its edge direction and
amplitude. Prior to intra prediction, edge maps are created from the original picture.

The edge operator has two convolution kernels. Each pixel in the image is

convolved with both kernels. One responds to the degree of difference in the vertical
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Ang (D )= x arctan
V2 dx, ;

In one implementation of the algorithm, Equation (3) is not necessary, as in AVC
there are only a limited number of directions that the prediction could be applied. In fact,
simple thresholding techniques may be used to build up the edge direction histogram

instead.

Edge direction histogram
To reduce the number of candidate prediction modes in RDO, an edge direction
histogram is calculated from all the pixels in the block by summing up the amplitudes of

those pixels with similar directions in the block.
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Note that k=1, ...,8 refers to 8 directional prediction modes. Note also that the

angles of the direction in Equation (4) is 180° periodic. Figure 2 shows an example of the

edge direction histogram 200.

Edge direction histogram for 16x16 lama and 8x8 chroma block

In the case of 16x16 luma and 8x8 chroma blocks, there are only two directional
prediction modes, plus a plane prediction and a DC prediction mode. Therefore, the edge
direction histogram for this case is based on three directions 300, i.e., horizontal, vertical
and diagonal directions, as shown in Figure 3.

Their edge direction histogram is constructed as follows,



al = (-13.3,13.3] a3 = (35.8,54.2 ] a4 = (-35.8,-54.2
] (4) a5 = (-54.2,-76.7] a6 = (-35,8,-13.3] a7 =

W@ 2004880084 7] a8 =(1 3.3",3 580] Note that k=1PCT/SG2008000047
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refers to 8 directional prediction nodes. Note al so
that the angles of the directgion in Equation (4) is
180 periodic. Figure 2 shows an exanple of the edge
di rection histogram 200. 15 Edge direction histogram
for 16x16 |uma and 8x8 chroma bl ock In the case of
16x16 | uma and 8x8 chroma bl ocks, there are only two

—

di rectional fpegdict i "y gﬁhxplus a plane prediction

and a DC prediction,, g Therefore, the edge
t

di rection hi ram for this, case . s bas n three
directions égg&%l € &?l:f(hhor hzbiita 13,’13\}@14{13 c@g,f..gfﬁlugnd

di agonal di megeéi ons, as shown in Figure 3. Their ge
di rection histogr [ nstructed as foll ows,
2004/080084“PC§%§%§862F8§0047 -8- Histo (k) _ E Atnp
(ni,n)eSET(&;=$E$§575gu;«w4ﬁ;¢ﬂ)... {i3, J3} | Ang
(Dr">l) E a,, |b§ ( a, = [-22.25,22.25] a2=

(- 00, - 67. 5012 OB 8%k o0, ) a3 =Q (a Ua2) where k=1
refers th [ . | GE I de, ,k=2 refers
o ver raei? g s ATk BhE L O RE B2 K Y R
plpsadéction ewhide tand A=frodfers tbthe plane prediction mode.

Histogram based fast mode selection for intra prediction

As mentioned above, each cell in the edge direction histogram sums up the
amplitudes of those pixels with similar directions in the block. A cell with the maximum
amplitude indicates that there is a strong edge presence in that direction, and thus could
be used as the direction for the best prediction mode.

N

4x4 luma block prediction modes

Instead of performing the 9 mode RDO for 4x4 luma block, the fast algorithm
only chooses some of the directional prediction modes with a higher possibility to be the
candidate modes for intra 4x4 block prediction according to the edge direction
histogram.

Since the pixels along an edge direction are likely to have similar values; the best
prediction mode is probably in the edge direction whose cell has the maximum
amplitude, or the directions close to the maximum amplitude cell. Therefore, the
histogram cell with the maximum amplitude and the two adjacent cells are considered as
candidates of the best prediction mode. In consideration of the case where all the cells
have similar amplitudes in the edge direction histogram, the DC mode is also chosen as
the fourth candidate.

Thus, for each 4x4 luma block, only 4 mode RDO calculation, may be performed
instead of 9.



Hi st ogram based fast node selection for intra
predi ction As nentioned above, each cell in the edge

wa@leeosi08h hi st ogram suns up the anplitudes OPCT/ROHO4/000047
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pi xels with simlar directions in the block. A cel
wth the maxi mum anplitude ingicates that there is a
strong edge presence in that direction, and thus could
10 be used as the direction for the best prediction

node. o nodes | nstead of
perfor%ﬁ%ﬁﬁ%%h%ﬁgﬁ&%?gﬂgﬁw l uma bl ock, the fast

al gor i Oy the hisjo gedno o bsitls thrmarfmunh emglitn éeis icomadered as a
predi.ct.] des wi t.h a hi ghe ossj biljt o be the
S SR B Bttt Potts RSy SRbee b bt Bediaasss chosen as
achonetk cepdidatet he edge direction histogram Since the
pixelspﬁbo?g aqlaﬂae direction are likely to have

si mi | artPYSiEYreech {4id 0 g blogks eply 2imesle RRYa ealpdatinnansiiiey

| heth@nAd@6tesl s&£t i on whose cell has the maximum
anplitude, or the directions close to the maxi num

anplitude cell. Therefore, the 20 histogramcell wth
t he maxi %[g)l!i de .and the two adjacent cells are

consi délr(e as clgéléd?l@gfcggng}oﬁﬁe best prediction node.
I n condi theradeiof ohrofmablveks; dfefe ab e Edietent G0 &8Ik, e RBME

simlar | itudes i.n t edge direction histogram
¢ gy {fiang @’e Fies EOROG Hesedore (i i ogsin ellsare mapinm
Thiiplitude frofatié twhkdbnlpshntddre 64th cORYiderdl dg‘ég&ﬁcﬁ@m% As before,

cal ation, may be performed 25 instead of 9. W
23‘%?3‘5%@6@8&189@#F@§2b1@41}%@@m10u1a@0q Sleteghatiifthe Birestikn with the

e : Lo i .
P metiniirh @R HREES Bohy twoSmpbadnak ﬁﬁ‘s&ﬁ{a:, g%ég@l: (Ejghatl% 5}g¥ 2 tc%nedldate

maxi mum anpl i tude is considered as a
b&xdeniop B sabrplatigacothevisel iisBy as above, the DC node

5 S hgR s AR, SO B Tl L prtomen

méstcpd of per f or med, instead of 4. 8x8 chroma bl ock

0 £, D, TSR RO B) B AR

ahatetl be thetddes difection Mstoghar, @k eaebd ften RbstRBIAMH hédler with the

Wfagsp e deiion algorithm performs only 132~198 RDO calculations, which is much
less than that of current AVC video coding (592).

Table 1. Number of selected modes

Block size |Total No. of modes | No. of modes selected
Luma (Y) 4x4 9 4
Luma (Y) 16x16 4 2
Chroma (U, V) 8x8 4 Jor2*

*The modes selected from the 2-chroma blocks may be the same.

Early termination of mode computation

In the intra-prediction RDO mode computation, the most time-consuming portion
lies in the context adaptive binary arithmetic coding (CABAC) coding. Also, the number
of data bits generated after CABAC coding is heavily dependent on the number of non- ‘



anplitude fromthe two conponents are both consi dered
as candi date nodes. As before, the DC node al so takes

wW@200/080084 he RDO cal cul ation. Note that if thePCT/SG2004/000047
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direction with the maxi mumanplitude fromthe two
components is the same, there;gould only 2 candidate
nodes for RDO cal cul ation; otherwise, it is 3. 15

Thus, for each 8x8 chrona bl ock, 2 or 3 node RIDO

c u ' : r jnstead of 4 Table 1

o B AR BleFnREE P nd 4G Bing ok Py St caly
RD&nuadtionselteherin mods edmmtatioh és iaghien dtddecd. ,ihiﬁthe numger of non-zero
hi stearam. As c e seen fromTable 1, t encoder

i CHEIEEE T Qe R i ol omyer s Mt e Presiosny gomputed
13200 §adde)AnCaatly tridina8aSef th ROID dd uélioh 8521t 4@ and the

t hat of cgrrent A VC video coding (592). Table 1. ‘
NHEERt RHO sode tsreigctiddes Bl ock size Total No. of nodes

No. of nodes selected Luma (Y) 4x4 9 4 Luma (Y) 16x16

4 2 Chroma (U, 8x8 4 3 or 2* *The nodes sel ected
from t WVQIntka Bredittioncks may be the same. 25 Early

T S PR AR A e gt vt

t insedictions Imstenyd IPpedgedirectionggnformatioa quoaablei;lﬂra aﬁm%aﬁf v @igital
i i i i BAC . e .

A L AT RCCIR D G S i

henode$ gre dbqren denste distot i @dﬂﬁ@tio@ﬂepﬁﬂdbn%o?@ﬁkﬂééﬂ&@fb%dge
PGIL 9320044000047 . -10 zero coefficjients after integer
tFASEIBP GRS I R R AP kGRS 5@#6#1@,0% i taira coded
easing thet chostnmadst ObSCRITE pieticiBR0SATTUlsahdtRI ik Sell suited for

i npl d, i.e , if the nunber of - Zero
Lg@?’%f%gfqttéﬁ%asz hﬁF‘%‘@F e‘Ir or W%S% Sgﬁwg%? f@é CORPEREegam may be

t Radrictl Bufl 3 gRIBRHEEXoCAMbREr. FIPSAMIE thdasak Hay be
term nation of this RDO node conputation’is activaté€d

aivdeRIre o8 aigFspRl compte A daoftware epriiseiien. or myChe embedded in a
Pragbeédoffer.Fig. 4 is a high level flow diagram
illustrating the nmethod 400 of AVC intra prediction.

In step 410, edge directional information for each

intra @oﬂﬁJﬁté}fPr@glqningiﬁlﬁllementation

The method and apparatus of the above embodiment can be implemented on

a computer system 500, schematically shown in Fig. 5. It may be implemented as
software, such as a computer program being executed within the computer system
500, and instructing the computer system 500 to conduct the method of the example
embodiment.

The computer system 500 comprises a computer module 502, input modules
such as a keyboard 504 and mouse 506 and a plurality of output devices such as a
display 508, and printer 510.

The computer module 502 is connected to a computer network 512 via a
suitable transceiver device 514, to enable access to e.g. the Internet or other network
systems such as Local Area Network (LAN) or Wide Area Network (WAN).

The computer module 502 in the example includes a processor 518, a
Random Access Memory (RAM) 520 and a Read Only Memory (ROM) 522. The

computer module 502 also includes a number of Input/QOutput (I/O) interfaces, for



10 picture of the digital video is generated. In step
420, the nost probable intra prediction nobdes are

W@ hosesnosor rate distortion optimsation depeneEnsGRPOM0047
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the generated edge directional information. In step

430, a block of the digital pijgture may be intra coded
usi ng the chosen nost probable intra prediction nodes.
This method is well suited for inplenentation as

h 0 f €. t . the ¢ ut.er
ol OB BRSPS S0 TS glelo PR B povboura
or8onput er. For exanple, the software may be

execut on_a personal conputer . as sof.tware , )
appl 1 catrsfmPahetisol B complargadsia stz tpeally cpwempmisse via and
CantettdofnedBsigsaIDS | afR e fraiihadn l@dwaQo TSy d®InhRl1ednfl the relevant
appar atus of the above enbodi nent can be inpl enented
of~"a conputer system 500, schematically shown in Fig.

5. It ¥ apflidafiBh gf@'ﬂirﬁ‘@s SBicaBPippRES 0 B GberdF 1 computer

e
conput er program bei ng exécuted within the conputer
s yRHtER S08Encoded P andats steragagediven sushps RD-RAVemBopy disk
t anQ R8s Bl i dj
T B Bl e BBl FRE Bl Bt
50tvice Aptt Theapplisstiospropraasisacddandoanttol@iindrsdxaotion by the

it bra0E HhEp Lol B bRl GG RV EY - Bnhiisrcdpgine

i RaMMPdcted to a conputer network 512 via a suitable

transcei yer. devi ce 514, tq, enahl e access,_t g. the .

I ntern 2‘% H‘S FOTSEHRE ARG R )?glamaet%%@ﬁxé/? ‘1%% B’Tesmtlon to

Arcode digttalideo CoAPlising a Puehtity¥rectiies MRE kednWlosed NWhile only a
02 in the |.e includes _a

co t er . nodul exanp o

o ABRH aTperat gDadtments s otidt VHER PP SC RNy 8570e silecin the
ReddhdDntyelvesEiay gdsRalVbr Seiitutl iR md5VERIHAIR bilkBH HefarBiZfrom the
al so incl udes nunber of I nput/Qitput (1/0
iﬁF&P@ﬁ@@@?i?Q£EWW?§@B4/080084 PCT/ S&004/ 000047 -11
exanple I/Ointerface 524 to the display 508, and I/0O
interface 526 to the keyboard 804. The conponents of

the conputer nodul e 502 typically communicate via and

i nterconnected bus 528 and in a manner known to the
person skilled in the relevant 5 art.



The application programis typically supplied to the
user of the conputer system 500 encoded on a data
wat@nagmssredi um such as a CD-ROM or fl oppy di SRCT/862)04/000047
read utilising a corresponding data storage nedi um
drive of a data storage deviﬁg_SSO. The application
programis read and controlled™in its execution by the
10 processor 518. Internedi ate storage of program data
maybe acconpli shed using Réﬁgiég. In the foregoing
manner, a nethod and an app for AVC infra
prediction to code digital video conprising a
pryﬁg}ty of pictures have been disclosed. Wile only
a "SKYAM number of enbodinents are set forth, it willi
be appreciated by those skilled in the 15 art that
numer ous changes_and/or substitutions may be nmade
> wi & hout® Bethagd of AY Crintenmredistionse spde digithl visicr comprisittgrpeplurality of

ICI_I}%‘?&N%&’@% Mﬁgg&éﬁ%QQ%%%ﬁéﬁ@OOM 000047 -12

claim od of AVC intra

pr edi cigpsating edgaidiragtiefial tformatiegofor eabrintsd bigckeof a digital picture; and

plurali ' ; i d. met hod ¢ ising the, . .
Gt ope. pdesBls mABL MRS R Blsth B} 1RO B fisaob Aryrgiation
ealshendmtrugoib$aid gerefates edpgiitaationil afforh@tioand choosi ng
10 "Ost probable intra prediction nodes for rate
di stortion optim sation dependent upon said generated
edge di rThetmiethvdlactordiap radlaionl, whrezh sald @ ghalrb®i@dnal information is
accor%%$g%to claig11 wherein said ed%e,dinectiona
i o7 #pphang deast apeedenpesion 1o sHe digitel Rigigte. one
edge operator to said digital picture. 3. The method
a cordhﬁg t ﬁlainmz, wherein the at | east one edge
~o§er at E‘Gﬁ*ﬁ peceuding tg clgim|2e whereig the stdenst onspdeaensratorsomprises
15 Thebagbﬁ@gdﬁgQgﬁggﬁg toclaim?2 or 3, wherein said
edge operator is applied to every |lum nance and
chrom nance pi xel except any pixels of the borders of
the | um chr Qi : ts5.0 ' .
g ol oy s UAAES, RARAEH S ncS Rl pmpied o
4 every fyrpiance eppelirginingneeixed exgepiofny el stifitige tionders of the luminance

and chrominance components of said digital picture.
20
5. The method according to claim 4, further comprising the step of deciding the

amplitude and angle of an edge vector for a pixel.

6. The method according to claim 5, wherein the edge directional information

25  comprises an edge direction histogram calculated for all pixels in each intra block.

7. The method according to claim 6, wherein said edge direction histogram is for a
4X4 luma block.
30 8. The method according to claim 7, wherein prediction modes comprise eight

directional prediction modes and a DC prediction mode.



anpl i tude and angle of an edge vector for a pixel. 6.
The nmet hod according to claimb5, wherein the edge

walreoeosiosnal i nformati on 25 conprises an edgePCT/SG2004/000047
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direction histogramcal cul ated for all pixels in each
intra block. 7. The nethod aggording to claim®é,
wherein said edge direction histogramis for a 4X4

| uma bl ock. 30 8. The nethod according to claim?7,

; S i on. modeg. \ ! 0 claim ‘
e e S B S e
20641 PRAARAd BT HBEARN04/ 000047 -13 9. The net hod

according to claim6, wherein said edge direction
hi stogramis for 16X16 |uma and 8X8 bl ocks. 10. The

Mg hodTRCGANSH RBoldtheab dlaih 9, witdéih @tedicHbe tiodts compripcies®
conprise two 5 directional pnedic%%on n@ esuy%¥ﬁlaqp
pdiseiitions] predipsige moder 2 glaperisishpr P ds, by R prdicuppgnode.

nmet hod according to any one of clains 6 to 10, wherein
sai d edge direction histogram suns up the anp!itudgs .
ofl1pi x@hemeshodacsprdingie agy peecafickigs ¢ fp Lamdetsnogid edggdirection
12. . The meth i | . LDirS@iddisgge
e e S R P o S
directional field informati on generated fromthe

digita icture. 13. The.nmethpd accqardi om
ofth ho TP BELA Rirotan it iy PRZeR T SOk Ry A A on s
Ofpehd@4ted BdidinpOdiruotidals etd defomentipu pateraber faoml thealigitel piagyre.
the current RDO node if the 15 nunber of non-zero
coefficients in a current RDO node conputati on exceeds

t h@h ij'Th@me@xg_G WERUEAY toGaRPLE @i}iihﬂﬁ@@diﬁgdﬂéaiméfurﬂ;fdn eomprising the
nmet hod according to any one of t recedi ng ¢ , .

f iepI9 CmiHRE & ROTRese cSTBpaitn FHrPEpg i g aQ ode f the
OfnugﬁéfotqﬂoﬂJzEﬁlco@ﬁ@feﬁfs €n A &irfteit RBOUmEdOBaputikisi exceeds that ina
probable intra 20 prediction nodes. 15. An apparatus

usirergouskyGompiited RBQEI08¢-i on to code digital video
conprising a plurality of pictures, said apparatus
conprising: nmeans for generating edge directional .

i rifdor méthi orethod ceading torany @nk PHBR PrpedingRlgims gfurthergomprising the

picture:. and. foPLai iy"&u@‘;ﬁﬁl B4i@ BaRtemb&tpkdbable intra
prS e&’log ?%ancogr%lgg?@%r&?aé?g%g? tlorti ong olpti m slgti g?l
dgpefidentmadaaon sai d generated edge directiona

i nformati on.

15.  An apparatus using AVC intra prediction to code digital video comprising a
plurality of pictures, said apparatus comprising:

means for generating edge directional information for each intra block of a digital
picture; and

means for choosing most probable intra prediction modes for rate distortion

optimisation dependent upon said generated edge directional information.

16.  The apparatus according to claim 15, wherein said edge directional information is

generated by applying at least one edge operator to said digital picture.

17.  The apparatus according to claim 16, wherein the at least one edge operator

comprises at least one Sobel operator.



16. The apparatus according to claim15, wherein said
edge directional information is 30 generated by

w@ppkpsags at | east one edge operator to said dP@i/662004/000047
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picture. 17. The apparatus according to claim 16,

wherein the at | east one edge,gperator conprises at

| east one Sobel operator. WO 2004/ 080084

PCT/ S&G2004/ 000047 -14 18. The apparatus according to
claim15 or 16, wherein said edge operator is applied

to every |lum nance and chrom nance pi xel except any

pil8el s Thé affaeatibaiccteding of clhife1d atTio/vahaein s@@dge operator is applied to
chromi nance copponents of, ﬁaid digital picture. 5 19.
ik gyt ol HgmeRes Riee] ekosp iRy axel i idiordes of the Tuminance
C QAP EhidhGin SPdRHoh s SFRG1AHHAI pibGre. anpl 1 tude and angl e

of an edge vector for a pixel. 20. The apparatus

according to claim19, wherein the edge directiona

I nigor i i

cal oul o bt S5 pUPBh 3PS € Aot okl th b0 il e
appRtiide sndangly ofien gdgeovestonfana2tkel. wher ei n sai d edge
direction histogramis for a 4X4 luma bl ock. 15 22.

The apparatus according to claim 21, wherein

pr28di ciTheappamtissicopdipg icdaimi Phtvherdinrtkesdge dirbetional information

predi.Gil s .and.a DC pr.ediction. npde. 23, .The

b S8 Elbfies B0 oo Ry o BHESE0 i B BPie T dn i dngeblock
direction histogramis for 16X16 |una and 8X8 bl ocks.
2Q.24. The apparatus accqrding to claim?23, wherein )
oPka TP PrABREe s g R whiTr B o GHas Cipstben Beipgm is for a
nmadddumablptiane predi cti on node, and a DC prediction

node. 25. The apparatus according to claim 20, wherein
sai d edge direction histogramsuns up 25 the

anpl i t gHesppRfatiRia¥@rdinid dhaifl 3T WRkreidiph &EdHoR Rbdbdleiire eight
bl ock. 26. The apparatus according to claim 15,
widpgiopalprgdiction grodey andea P mestlictipn modat i on i s

generated by using directional field information

generated fromthe said digital picture. 30 27. The

appar albesanperts drevyling toaatgim@Rewbdreio|said mdgel directorPiistogram is for

f@BXh@ﬁmﬁ%ﬂ@%&%%ﬂﬁkﬂeans for term nating an RDO node

conputation and rejecting the current RDO node if the
nunber of non-zero coefficients in a current RDO node

cojput ?ﬁé e%%ar%él% %&%%dhtlgh f%t claifth 2%, Phét¥in %yesﬂlicxion modes comprise two

directional prediction modes, a plane prediction mode, and a DC prediction mode.

25.  The apparatus according to claim 20, wherein said edge direction histogram sums up

the amplitudes of pixels with similar directions in said block.

26.  The apparatus according to claim 15, wherein said edge directional information is

generated by using directional field information generated from the said digital picture.

27.  The apparatus according to any one of claims 15 to 26, further comprising means for
terminating an RDO mode computation and rejecting the current RDO mode if the number
of non-zero coefficients in a current RDO mode computation exceeds that in a previously

computed RDO mode.



conput ed RDO node. WO 2004/ 080084 PCT/ SG2004/ 000047
-15 28. The apparatus according to any one of clains
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bl ock of said digital picture using said chosen nost
probable intra prediction npdes. 5 29. A conputer

program product having a conputer programrecorded on

a conmputer readable nediumusing AVC intra prediction

to code digital video conprising a plurality of

pi ctures, said conputer program product conprising:.

CORIP Ut Eife appaatuamconiite: treayend afrclagenby @tA7nfprtberpemprising means for

di recti.onal. i nfor . for each .10 |jnt s g
d}n&plcgcim%ft [3]9&1; %t’o sa%g@g R}ﬁﬁ]{%?sn& sgxgd rcglﬁ%eg 615 et ﬁl{gg%ﬂge glf(t)rrairedlctlon
cheasl ng nost probable intra prediction nodes for

rate distortion optim sation dependent upon said

generated edge directional information. 30. The

S\Z@p ut ﬁrwﬂp&gfﬁ%%t 26 R aHoRPulePpoaiiReddded on a computer

erein salrd edgée directional 15 information is . . lity of
gendable medibm vaingAN G intrapradichien taiede diggfal idrorcqpprisipg 2 plurality o
saj i Qi ' ductid iter program product
a %%F%f%ﬁ§?%“@F§%ﬁ#§5?§%%%$e?ﬂﬁgﬁgyat | east one edge
oper at commuerprdgsans caleSuhes fop geresatiog edgepligotionphigformation for each

CO e rogr.am.product according to claim30 or 31
wﬂgggﬁ%&§gﬁgﬂ%%@%amgpéggtor is applied to every o

| umi naesey A Gragham nodeanees fiir Xadosmg omst prabaplgpingte predistion modes
the barders of. the |ym nance and..chromn 1 i

c g8 ety Saiicfiap AR e i R B recional information.
program product according to claim32, further

conpri sing conmputer 25 program code . ns.for . o
dé6i di ABe FHRPUSTRIIEEATY Bioghet & ??é‘%g g’f“?%ﬁe%dEéerx?lélcsf‘lgredﬁ%?“e"t‘onal
2 iftodtion %ené—tﬁéd 69 BpYIYiAE aPleRgbBdRE Optitatbr @GEIIdiEinDpiCare.

cl ai m 33, erein the edge directional information
conprises an edge direction histogram cal cul ated for

algy pi gl Sothft& A bFRuctRb Qs ling 81@. 29] e thelstdeast one edge
pﬁggran1pr%_ ctigg%orgingcto cla§n134, wherein said

edperathi ceroprissha Sehebepgatain i s for a 4X4 |uma bl ock. WD

2004/ 080084 PCT/ S&2004/ 000047

32.  The computer program product according to claim 30 or 31, wherein said edge
operator is applied to every luminance and chrominance pixel except any pixels of the

borders of the luminance and chrominance components of said digital picture.

33, The computer program product according to claim 32, further comprising computer

program code means for deciding the amplitude and angle of an edge vector for a pixel.

34,  The computer program product according to claim 33, wherein the edge directional
information comprises an edge direction histogram calculated for all pixels in each intra

block.

35,  The computer program product according to claim 34, wherein said edge direction

histogram is for a 4X4 luma block.



-16 36. The conputer program product according to
claim 35, wherein prediction nodes conprise eight
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37. The conputer program product according to claim
34, wherein said edge directi 5 histogramis for
16X16 | uma and 8X8 bl ocks. 38.  The conputer program
product according to claim 37, wherein prediction

S S LT L N A —

Seomfﬁﬁse etphtitdctonaD p@gircam PooBual a ACCHEd LG thédec! ai m
34, wherein said edge direction histogram suns up the
anplitudes of pixels with simlar directions in said

bBock. THOcombitr fRTRE SO AR 0 QEHE B4 a&ﬂéi’élﬂ 5818 ed & direction
claim?29, whereln said e%a; di recti onal

|hﬁﬁﬁﬁﬁiﬁéwlﬁglé@ﬁ@?%ﬂéﬁi &ppl yi ng at Ieast one edge

operator to said digital picture, or by using
directional field informati on generated fromthe said
dBi t alhqiostpytee progiam fiaduct aerording tostadg BArwimreid prediction modes

acGLHe 290 HifecADY, lgﬂaﬁlc?gn ﬁloﬁésmi" l%geﬁ%r%dléﬁ) n 1fn8|<§ £h 08d o D{L‘ predlctlon
co I Si ng coan% I pro of i ha

amoB®O node conput ation and 20 rejecting the current

RDO node if the nunber of non-zero coefficients in a

current RDO node conputation exceeds that in a
péevi oTlisd @n@ﬂt‘@pﬁo@fﬁnﬂﬁi@iﬁm d@:orcﬁii’g to thm Gﬂmﬁhﬁrﬁﬁ sfifl @@iFeiRection
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40 e computer program product according to claim 29, wherein said edge directional

information is generated by applying at least one edge operator to said digital picture, or by

using directional field information generated from the said digital picture.

41.  The computer program product according to any one of claims 29 to 40, further
comprising computer program code means for terminating an RDO mode computation and
rejecting the current RDO mode if the number of non-zero coefficients in a current RDO

mode computation exceeds that in a previously computed RDO mode.

42,  The computer program product according to any one of claims 29 to 41, further
comprising computer program code means for intra coding a block of said digital picture

using said chosen most probable intra prediction modes.



