LOW COVPLEXI TY | NTRA PREDI CTI ON FOR VI DEO CODI NG BACKGROUND COF THE

| NVENTI ON 1. Technical Field text [0001] The present invention relates to

vi deo codwogomv®9i4n particular to intra- 5frane predictipom/usponaoi4oind a bl ock
of sanple is predicted, using previously encoded and reconstructed pixels
fromthe sanme video frame. 2. Background Information [0002]Digital video
requires a large anount of data to represent each and every frane of a

Tommnner - 11 RO RSEGRIIERITYSR R 9&#&?@@f¢ﬁrﬁgﬁfﬂgﬁgﬁ{®mm essed
diqital vid ) . : e
addi 11 on,  uBRGaR KO OL BT LR INEE N HaN oo ="l arge amount of storage
space. The digital video is normally encoded in sonme manner to reduce the
st orage reqli r enkrchnigaldielshiest t he bandwi dth requirements. 15[ 0003] One

techni que for encoding digital video is inter-frame prediction, or inter
predi ction. [008dpr prhediresendimverppdmidlates tmpideakodiadandampaisukmommtc-f f er ent
franes. Tenporally adjacent. fr of video typically include blocks of
s e B e e Phich adhek SFsehslids Pt iR PERIGERG or ocoss. a
notion vect I RMETER pi xel s in one frane
to a block o Coggagé%%cgb&%{t(éﬁg&igﬁ anotﬂﬁ]ée)%a rgﬂgg{%'ﬁ g%:e()rdi ngly, the system
is not required to encode the bl ock of pixels twi ce, but rather encodes the
bl ock of pi2els on@ackgdoypidInfdemasiomot i on vector to predict the other

bl ock of pixels. [0004] Anot her technique for encoding digital video is

i ntra-franme[gaoelli ctDighalovidedidq@irps edirgt nfunt of daa py RgraehoencRnaades a
frame or a portion thereof w thout 25reference to pixels in other frames.

I ntra predi etarpiramenic digitaladeasequeem@acicsiss afdiagies) BeltsunsonirgsEd

withig a frane. Because.s iall di.agent blocks of pixels neral.ly have
o mi 10 "t ¢ PRBOTedt RRE (RIS for o b PR ous e idTosPi B o BsRE Ty
ref er enci ngvidag a&ids t@hpétef hehwakkOheAiNSEPhnAN; &G it REK In additidn,
correlation may be exploited by prediction of a target bl ock based on

predi cti on waxesprassed digitahdjdeoanquitisoclarge SuUMMARY sOFageHPabAVENT Higital
[ 0005] The present invention egc{,iOVi des a unique intra Eredi cti.on process

whi ch” 5i npr &8 1% ramaly; coreded Inseme arpe farice (e garageeqigm nce

pi xel's in aredyce the bandwidth requirements.

15 [0003]  One technique for encoding digital video is inter-frame prediction, or
inter prediction. Inter prediction exploits temporal redundancies among different
frames. Temporally adjacent frames of video typically include blocks of pixels,
which remain substantially the same. During the encoding process, a motion
vector interrelates the movement of a block of pixels in one frame to a block of

20 similar pixels in another frame. Accordingly, the system is not required to encode
the block of pixels twice, but rather encodes the block of pixels once and provides
a motion vector to predict the other block of pixels.

[0004]  Another technique for encoding digital video is intra-frame prediction
or intra prediction. Intra prediction encodes a frame or a portion thereof without

25 reference to pixels in other frames. Intra prediction exploits spatial redundancies
among blocks of pixels within a frame. Because spatially adjacent blocks of
pixels generally have similar attributes, the efficiency of the coding process is

improved by referencing the spatial correlation between adjacent blocks. This



hori zontal boundary |ocated i medi ately above a target block to be

predi cted and reference pixels in a vertical boundary | ocated i medi ately

| eft of twe 20eviyeisobl ock. I n the present invention, at PeadiS2&00ei00f eit her
an array of horizontal boundary pixels or an array of vertical boundary

pi xel s are retrieved. Then, the retrieved 10pi xel s are added to the ot her

bound |5 t t dt h | nt d f or med,
pased- ol ol §rEH LAY PR aBla s Poy Vo CBOL AR ED RLBAICEasE] ofpresieitt mont o

the present oa¥ENIR adBkettqASikssOMe of the vertical boundary pixels are
retrieved anél) added to the horizontal boundary pixels to extend the array

t hereof 15[ 0006] The present invention elimnates the decision process of

sel ecting eSUMMARE i THHMINVENTION y or the vertical boundary from

whi ch reference pixels are retrieved. The present invention also elimnates
t he recurri [§0p} ocddw mwésenhlnvehtaon prpvadgsasirtiquningfa prédicier piccass Woichdar y

or ocess. typlRBPYS: PRGHIBELON PR FON. BOpCARG b5 FeiTRERBOH T {hose
processes eﬂé}?io?l%ltb%ﬁ?&é}gﬁ@ca?é@ﬂhc?gi%% PLOGRSStal &t Bodk T 'b%%‘?{g i&2dfd

Singl e-1nstruction M l'e Data architectures, the I provi ng

t he conput atdfenade gikéls h aveytical buinttzoy um@lteﬂgmnﬁéﬂi)ﬁ@]_lyl Iaftat tiegriaogt bak.
according to the present invention, at |east sone t he pixels
among t he v@@?@é‘l’seﬁb’m%ﬂ%ﬂ gt leastsomecofrediher ay agay gghwgzcalta)éwnéw pi xel

25i dentifie x\éﬁ'o?gn tar &8 C%.EP c{a{% bﬁ(glsparrg gétrlg gpgg}rl]eq r%trsévze

represents Slze O e rep esents a

predijgti on gixeRGié @due@rtd tl@@bthbﬁb@urﬁﬁb'f'f)ﬁd’els%leﬁibsnti&hélQﬁﬁﬁﬂﬁ:ﬁécﬁd IAYal from-1
to the angle. The retrieved gl xel s are added to the horizontal pixels at a

| ocati on SOPI@élﬂtlpflll%ﬂer@H@dh asezl@nleéy Oputmxtﬁmadtartayerf t{ocloﬁa}ry pivgds. In
2012/ 009540PCT/ US 011/ 0 9 In ano er enbogtlh LB rec%%ew ng at
| east some O SYBPYIMERf © Eﬁlgn trﬁ‘ﬂn%e P Eélleglﬂa SPEBmM N x
size angle ﬁ‘f&@fsearé\lrétﬁe@éal drfata%ﬂea tcpﬂieq{or%m%i bt TAry Bixel £B%k i SATRe Afraf N
pi xel s anong t he

thereof.

15 [0006]  The present invention eliminates the decision process of selecting either
the horizontal boundary or the vertical boundary from which reference pixels are
retrieved. The present invention also eliminates the recurring process of
calculating a position of the vertical boundary intersecting with a prediction
direction, wherein the recurring calculation process typically includes a divisional

20 operation. Elimination of these processes enables the intra prediction process to
be implemented on Single-Instruction Multiple Data (SIMD) architectures,
thereby improving the computational efficiency of video coding.

[0007]  In an embodiment according to the present invention, at least some of
the pixels among the vertical boundary pixels are retrieved, using a vertical pixel

25 identifier which is expressed by

size x col
angle

where size represents a size of a target block to be predicted, angle represents a
prediction direction and col is a counter which is decremented by 1 from -1 to the
angle. The retrieved pixels are added to the horizontal pixels at a location

30 identified by a horizontal pixel identifier [co/].



Svertical boundary pixels are retrieved, using a vertical pixel identifier
which is expressed by [col x InvAngle >> log2 N]. The retrieved pixels are
added t o wbeoteawpsaont al pixels at a | ocation identifiedPoy/ts2monipont al

pi xel identifier [co/]. [0009]In another enbodi ment, InvAngle is obtained

froma | ook-up table which lists values of InvAngle in relation to the

val ues of a 10[ 0010] I n_anqt her .enbodi nent, a pixel .is .identified anong
Ve ver t1 cal0tSBhnadnynpines PuBoRial B ToREyMeh 1P BIms BEEFAdOPRe
where row i ?ix%lsCanl’e Wb ehidisd frBgr enmented by 1 from O to size. The
retrieved pfxel 'I's added to the horizontal boundary pixels at a |ocation
identified by a horizontal pixel idenMssies [int + 1], where int is an
integer representation of a position ©of, g, pixel intersecting 15with a
‘prediction direction. [0011] The present 9 nvention al so provides an encoder

and a decod@heeiad HRIBBIveADS 2 NThan, Rt KA CIdrdo LR patd©BmbAg WY ch at
| east sone of either an array of horizontal boundary pixels or an array of

verti éal bouertiaalybqindetyspiaele aretetiieweddusififevertidabpixel deptieer whixblis ar e
added to the other, baundar ixels to extend the 20array thereof, Intra
~prediction Féprs%%ﬁfi&e/ﬁeaffjx Béélafes%mg; Njn Thackiive agﬁﬁsa%’rpéggeff tofbtindar y
pi xel s. BRI %1%@ %ﬁm [0 s .Sy k di agram
show ng an Egrelnp a ;f%g%gmgréggg}ﬁ |tlelc(1§\|§g }g)g&éﬁﬁgﬁxf ﬁlede%trnggg(lﬁ? ﬁi nvention
may be inpl {0699] ed.In20bR1 3jnbbimeht, Fvdngle dskbtdined feoim ahooki-og tablgener al
view of a video encoder to which the present invention may be applied.

[0014] FI G Which listhyeugs of Lydaghe dnsclpten to hevalugs ofpegleof " a vi deobfleccizder
inch th i i be. . li.ed.. 015] FI 4 i
o W4 R AEPL B T oSO LOURLE o

di agram sho th I ona nco g an

enbodi ment  phuidaey preBeising AMRRidaP Pixel MNBA2[ 0N SHMPETHVS2 0 EdhRd4 014
which is incremented by 1 from 0 to size. The retrieved pixel is added to the
horizontal boundary pixels at a location identified by a horizontal pixel identifier
[int + 1], where int is an integer representation of a position of a pixel intersecting

15 with a prediction direction.
[0011]  The present invention also provides an encoder and a decoder which
implement an intra prediction operation in which at least some of either an array of
horizontal boundary pixels or an array of vertical boundary pixels are retrieved.
Then, the retrieved pixels are added to the other boundary pixels to extend the

20 array thereof. Intra prediction is performed, based solely on the extended array of

boundary pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a block diagram showing an exemplary hardware architecture
on which the present invention may be implemented.

25 [0013]  FIG. 2 is a block diagram showing a general view of a video encoder to
which the present invention may be applied.
[0014]  FIG. 3 is a block diagram showing a general view of a video decoder to
which the present invention may be applied.
[0015]  FIG. 4 is a block diagram showing the functional modules of an

30 encoder according an embodiment of the present invention.



[0016]FIG 5 is a flowhart showing an intra prediction process perforned
by an intra prediction nodule of the enbodi nent of the present invention.

[ 0017] FI Gvoeoiznoas4bl ock di agram showi ng the functional moaiSes 10fi40a4 decoder
according to an enbodi nent of the present invention. 5[0018]FIG 7 is a

di agram show ng prediction directions illustrating Intra 4x4 prediction
nodes suppo in H 264/ AVC. [0019]FIG 8. 1is a ram show i|i|

predi ction L‘f“ﬁg}, i oﬁgzg %ngé'\'f[h? nge?ﬂ Ini§g, prejcgq{ IRESY. pepg)glys EVG 9is
a flomhartaﬁmwgdfchen%&&ﬁé f the leRiRRRHert b1 r\égér@%ﬂ«%mwof generating a
predi cted bl ock al ong one of e predi ctlon |ret|ons shown in FIG 7.

[0021] FIG ®17% a HIK})mnartﬂoczkhbmgmgl {Hoevipg deaBactidnal ewdabpifexdecyddrnt r a
predi ction performed accordjng tq an enbodi mnent of the present invention.
[0022] FI G 2Rr¢i82 40 88 REIPREITRCR} 08 SSHEHnt 16 BPRdi cti on bl ock and arrays of

15hor |520nt agﬂ(ﬁ%ﬁ’ qulﬁ “\7% ﬁgl?éé?%rsﬁ?&%% dlc 181(1’ %?’r]eF 10%5 1fl%§r tfc?jlgvmn grw tic

vi ew Show n array of onta S ex verti cal

boundary pi pﬁd&?ctloﬁaQﬁé’d’dsEhgpoﬂé’d mq{%ﬁ)mghart ShOWI ng the process of
extending an array of hori zontal boundary pixels perforned

accordi ng t 0HAY] entﬂﬂi Fep R d@ﬁgr@mthWel%ﬁh@ peglighi@endirentionf pOPEEI B 13 is a
flowchart s ovm ng ment of extending an array of horizontal
boundary pi '[“818?6@ ﬂiqg fl owchart showi ng the process of |ow
conpl exity [()'ﬁZr()T‘l FIG. 9 is a flowchart showing the process, proposed in JCT-VC A119,
10 of generating a predicted block along one of the prediction directions shown in
FIG. 7.
[0021}]  FIG. 10 is a flowchart showing the process of low complexity intra
prediction performed according to an embodiment of the present invention.
[0022]  FIG. 11A is a schematic view showing a prediction block and arrays of
15 horizontal and vertical boundary pixels.
[0023]  FIG. 11B is a schematic view showing an array of horizontal boundary
pixels extended with vertical boundary pixels.
[0024]  FIG. 12 is a flowchart showing the process of extending an array of
horizontal boundary pixels performed according to an embodiment of the present
20 invention.
[0025]  FIG. 13 is a flowchart showing another embodiment of extending an
array of horizontal boundary pixels.
[0026] FIG. 14 a flowchart showing the process of low complexity intra

prediction performed according to another embodiment of the present invention.

25 DETAILED DESCRIPTION OF THE DRAWINGS AND THE
PRESENTLY PREFERRED EMBODIMENTS

[0027]  FIG. 1 shows an exemplary hardware architecture of a computer 100 on

which the present invention may be implemented. Please note that the hardware

architecture shown in FIG. 1 may be common in both a video encoder and a video
30 decoder which implement the embodiments of the present invention. The

computer 100 includes a processor 101, memory 102, storage device 105, and one



predi ction performed according to anot her enbodi ment of the present
i nvention. 25DETAI LED DESCRI PTI ON OF THE DRAW NGS AND THE PRESENTLY
PREFERREDVENBODIOMENTS [ 0027] FIG 1 shows an exenpl ary hacaase@1atohi t ect ure
of a conmputer 100 on which the present invention nmay be inplenented. Please
note that the hardware architecture shown in FIG 1 may be common in both a

vi deo encoder and. a id 0 30dec r.whic | enent e, enbodi nents of the
present invgﬁm%‘ﬁmp)f‘ﬁ 8%‘&?8?8}%&9?%?9538@?8@%}%‘8@@56?&%‘1 nenory 102,
storage devig@miirati9ey QBledVia G hﬂ&lﬁceam/ OFheQHEzH%teﬁ{aéQMjgéﬂ ces 106
(or peripherals) that are ommuni catively coupled via a local 1nterface

107. The | obe]for axanplackutidb licatedlie, orfecor ma@rpises otathemwired bmdiretbst o, one
or nore buses or .ot her red or wireless connections, as is known in the
art. 5[0028]“?‘?1‘”@"59%@% opgnin hegthar dwar e devi ce for execut i ng software,

par ti Gul ar | ot shar el dlof 91 B K d0%e, T9:PLAGERRPLoARCAN be any

custom rrade y aval processor a cen pr ocessi ng uni t

(CPU), an apxﬂticu&w tRAIGLEBE @ tHRTABBOBLVEY. Al hdpReessPI Gl aatRchdt adtotht h the
conmputer 100, a semi conductor based m croprocessor (inh the formof a

m crochip omaeimOp cg@@r)erm@Hy 203jkabds priocgssany qstetralcxeromsn@mumw gof t war e
i nstructions. mem)r%%loz co (?I’I Ses a ¢ uI er reada d{fdl um

whi ch can i ABFYA Cesﬁﬂr agpn YSHSBT 278 AL ‘3“1?715}}?0(‘}%91 & (e.qg.,
random aCC9§<§niE%H@ﬂid€01(l§%§% nﬁb&%‘i&r@e‘ésw thSAM omcﬁiﬁfor)cc}lﬁ%\"%@) Ty,

nonvol atil e nenory el enents (e.g., hard drive, tape
Mor ed@er , t genareliparyy d@&@@fme¢mmgr$ﬁmmrelmtrecﬁmm c, magnetic, optical,

d/ th f st di A t bl e. medi b
moane. t hat - 208E or Bhe emeont Wrem Sgﬁe@aéﬁéltéire%@ﬂé‘wﬁw%?wﬁ%i%3$amef or’
use by or igd g/tdr%rbr‘@o urlanf%n cﬁ%’f&%ﬁéh{% %fe‘xﬁéél?@(te. .Sltaﬁm)dmaa%[?@srsat us or

i stribute

devi ce. Pl ease not at t menor can

ar chi t ect ur emenvdig (RAMY Juob S5 @MM;@MM@SEIQA(M, t1¢a) add hemwmil &tile meghenye
anot her, but_ can be accessed by the processor 101. [0030] The software 103

in the menofiFMenss (ee, RAM.qued drige, dapqﬁ&léR@%ﬁfa) FeRyeaiie meaHy of whi ch
cont gisns a”1§| Onéﬂf{?éﬂpﬁ}aﬁ‘&e&‘} ﬁéerﬁg%%'? o;g{‘c% }or%gleqr‘;%{es {e”%”“ ng

| ogi cal func esdrl exanple

of FIG 1, hﬁa@oAtc\oﬁfp@temé’adametlhedlﬁﬁmmfoelaQ@ Hedisnes chh@t&@rrput er 25100's
vi deo encodl ng or video decoding functionality in accor dance with the

present i nvepmpBimicale; paeRigaicon, traaspord therpragtany ywise by or in cormepoes iMithe f or

the menory the instruction execution system, apparatus or device. Please note that the

memory 102 can have a distributed architecture, where various components are

20 situated remote from one another, but can be accessed by the processor 101.
[0030]  The software 103 in the memory 102 may include one or more separate
programs, each of which contains an ordered listing of executable instructions for
implementing logical functions of the computer 100, as described below. In the
example of FIG. 1, the software 103 in the memory 102 defines the computer

25 100's video encoding or video decoding functionality in accordance with the
present invention. In addition, although not required, it is possible for the memory
102 to contain an operating system (O/S) 104. The operating system 104
essentially controls the execution of computer programs and provides scheduling,
input-output control, file and data management, memory management, and

30 communication control and related services.
f0031]  The storage device 105 of the computer 100 may be one of many

different types of storage device, including a stationary storage device or portable



102 to contain an operating system (0/S) 104. The operating system 104
essentially controls the execution of conputer prograns and provides
schedul i g0 20rpp0Ps40ut put control, file and data nanagemeo/USR®ITOH4014
managenent, and 30comuni cation control and rel ated services. [0031] The
storage device 105 of the conputer 100 may be one of many different types
of storage device, including a stationary stor devjce or portable

st or age devﬁ@gﬁmAEV&ﬁ'é¥5ﬁb§@?uﬁﬁé£§W@F&ﬁéﬁﬂgﬁﬁggIE@BE%ﬁ?“EQC%Cﬁﬁﬁnetic
tape, di sk, a i rYA; I devi ce.
I n addition9ﬁ%hggggggggéhJég#@%h%gggﬁggzﬁgﬂgﬁgggﬁbgkgﬁgﬁ%aﬁﬁ%gﬁgﬁg’card or
any ot her r érstaapedstios a0 nthgWecesetOfz. digftdlGd&hdhecard or deyvothes 106 may

i ncl ude input devices, for exanple, but not limted to a touch screen, a
keyboard, nitBevabicHaree dewiced8phone or ot her input device. Furthernore,

the 1/.0 devi 10 al so _inglude .qut put devi ces, for ex I but not
i téd to WL pROReRRet 366 B BUVRE et HGeR o mbiE bibhotmy
further inclipfieddsyiteeh dcdhatn, 8R .ah6usél salRéM nlidephsndibtAst ipts, for
10i nstance, but not limted to a nodul at or/ denodul ator (nodem for

accessi ng adetiber Faghdrowre,shet/Ondevacesi@bwaaskalso mcheadti antputetgumesyfof RF) ,
w rel ess or other transcei.ver, a.telephonic interface, 1 dge, a router
or other de¥f%B et‘i’f&tﬂ%ﬁﬁ&iﬁﬁdﬂ_%ﬁ 2} _9} & Mppgt éFeénT_gE?&ag\'lf%ggﬂAs is
wel | known by tAIRA& RNEYe PIal Mar ?forgﬁlhhicatenvig !BSt}ﬁh@th‘éhg%ﬁt CQgPr essi on

i s achieved by renoving redundant 1nformation in a eo sedquence. Many
di f f di0ent vimdemcedslitmgt Eindted as dsn@hilabdr/ daneadgibes (mbdahj ©b accwstiuge MPEG 1,
MPEG 2, MPEG 4, H. 261, H 263, and H. 264/ AVC. It should be noted that the
present i nveRttherdqvicen systemt eipsworky, HEadio fregeancy kREppVIrelass Broteer any

speci 1o, Vi G0 SRl o EADOR herHONENlasct Dol ) L MDA IBRE PR t he

present invention I’s rovi & exanple o st'andard,
whi ch i s i ngethpgraatigguthexdenouyutr ef erence. H 264/ AVC is the newest video
codi ng standard and achi eves a significant performance inprovenent over the
previ ous coll®3g] st ahsisruel! kuewn s thasedavingvpgicary, skill 26 thezad vidiep63. [ 0034] | n
H. 263/ AVC, (Caach frame or .‘gi (c:it ure of.a vi de(f ia be tbroken .,nto 25sever al
slices. The ¥PPEEYCH /RN IVEMOY MISEE U {A0E RUOTHaUEDE BICLPGUERTT ed

macr obl ocks MaMyi diffefcAnvides RoBRgfstindBRSs edisy A8pIdLIT Wi k1 Rfe MHPES;-116X8,

8x8, 4x8, 8x4, "down to 4x4 pixels. There are five types of slices supported
by H. 264/ AVBIPEG-2, MPEGes H.361, H.B63 nencrid 26 4K8Cadeshoatiboe neted ghdt the a
prediction. In P.slices, macroblo n.be.coded using intra @r inter

gks c :
predi ct i on. PESERG IBEUON IBROBHHRCGE ShBe HByeErn & 8a0E ARG S YIORO ( MCP)
si gnal per pBGHOLIAAK I HRFeHS Sl {6%@@'&9&%&%&9@%&9&% i@%hﬁ%ﬁ igoded
using intra or Tnter prediction. Two signal's nmay be used per
predi20t i on. pfiRiddd, asiagahd exantdls bf EeB64/AVigestanddrd.hellich is incorporated herein
by reference. H.264/AVC is the newest video coding standard and achieves a
significant performance improvement over the previous coding standards such as
MPEG-1, MPEG-2, H.261 and H.263.
[0034]  In H.264/AVC, each frame or picture of a video can be broken into
25 several slices. The slices are then divided into blocks of 16x16 pixels called
macroblocks, which can then be further divided into blocks of 8x16, 16x8, 8§x8,
4x8, 8x4, down to 4x4 pixels. There are five types of slices supported by
H.264/AVC. In Islices, all the macroblocks are coded using intra prediction. In P
slices, macroblocks can be coded using intra or inter prediction. P slices allow
30 only one motion compensated prediction (MCP) signal per macroblock to be used.

In B slices, macroblocks can be coded using intra or inter prediction. Two MCP

signals may be used per prediction. SP slices allow P slices to be switched



between different video streans efficiently. An SI slice is an exact match
for an SP slice for random access or error recovery, while using only intra
predi cti onO 2pOB340FI G 2 shows a general view of a videcTarseadas40to which
the present invention may be applied. The bl ocks shown in the figure
represent functional 5nodul es realized by the processor 101 executing the

ft 103 | t v 102. A pi.ct f i f 200 i fed t
1 deo. encodBFva81 STHATENUY tEs S Ercaancista: An MeTirds i EXesbotch BheDs of
macr obl ocks sBQBAe fFAGRASTRGEQRL BFKrEORESI &S, @ﬁﬂ?g_f}h% gg@ﬁbgaged@w&w e 200.

On each macroblock a transformation into trans cients Is
performed f{036hed K. 2 soanstai geatiabniemndioa vidao sharder idwheahfthe pessentl evel s.
Moreover, intra prediction or jinter Eredi ction is used, so as not to

per f or m t he TNG8H Ay My B<araiiedc L hs blngks pleovin wethe digure repressht uRetionalf er ences
of sa to i - nlyxel i r . | evi l. I whi ch are
nor e ggsi I yH{:o?%%rgegggh)B?réB%g"A}oEg?soggQﬁeg C%élgg%%%dfgﬁagggg? 1123% néglrilglfyat es a

nuber of syoz.ax sit@pest sided Bahiectnofiored @ Loides en&det 201.0Thé hriegRCT Obl 0cks
of the respective slice. Al residual data elenents in the syntax el enents,

whi ch are reneadgytreds theepicvias AGO of unitsaafananrablookes 2G0A.eRach meerohlak t he
transformcoefficient |evels_.or a signif{icance i.ndi cating transform
coof 11 oi ent PBYEE SOEPIEGS Of Pletifs 20l el amaeratlock YRRl EEcORS

Besi des t heggndegh @H@ﬁﬁc%&@sgx%ﬁe&k&r&w&y 3 BRargy A GXinkd B9RAbSn
20generated by the encoder 201 contain control 'information syntax el enents

cont d0ni ng coefficieht lentisr Morcoveramttagprbdivtiemohintarqredicdakishasd sees rencoded
and has to be decoded, respectiye t he ntax el ements

as . _ l%i' I n ot,hef vvogds, :
are di vi dabfePFHIE! PR OLBESH TS Becthrrg the pisel daip agormy therdideisa s
i nf ti : t i the: t bl ock
{ype, | ub. MRt Db Be Yo a8 AN s e SRl B 0t %

spati al andeistlypofgredsyppes, as well as slice-based and macrobl ock- based
control information, for exanple. In the second category, all residual data
el enents, slR036hs o aicgeh sliceathecensageri20di geaeiairs a mEnbea Ay Has elamets,

s gniléi cant “}fl?c%f %)'rx%x' SR iv@ s,iic%eo hQ ln? CIfob%ck gog?ﬁ%\ﬁegg#t{,ﬁgﬁ:éﬁg&lcoef ficients

and the val ues o he si'gni i cant coefficre ated in

30units of tRuRlabd&R iSRRI RO syitak BRnM) WS hreRelBicdRs thE&liseBPI ned and
becone residual data syntax el ements. WD 2012/ 009540PCT/ US2011/ 044014

[ 0037] The etrentferm 2oaffistamps; sedsasdhe eransfopy coolfisienpdvels arecvgeificayast ax
el ements and generates arithnetic co rds. for each,slice. en generating
the arithmett 18%18% ! gansiorm 8oiiﬁf’18 ?Fe\fl\’ﬁé SEWPP%’&W Eg&eéirr € §B§l\é$ag% Sﬂ'ftax
statistical cdapandenGi®s RFeR&siLle dgﬁtsgmtﬁ%' diéReh, tBY Hriddx BleRIGRAL S In the
video signal bit 5stream The encoder 201 outputs an encoded vi deo signal
for &0sli cegeafergiedbyrtiee 20®den2@ wndgio cdetodiaforBition kpmax ictenrdn® 3.
[0038] FIG 3 shows a enerfal view of a video decoder to which the present
containing control information as to how each macroblock has been encoded and
has to be decoded, respectively. In other words, the syntax elements are dividable
into two categories. The first category, the control information syntax elements,
contains the elements related to a macroblock type, sub-macroblock type and
25 information on prediction modes both of a spatial and temporal types, as well as
slice-based and macroblock-based control information, for example. In the second
category, all residual data elements, such as a significance map indicating the
locations of all significant coefficients inside a block of quantized transform
coefficients and the values of the significant coefficients, which are indicated in

30 units of levels corresponding to the quantization steps, are combined and become

residual data syntax elements.



invention nmay be applied. Likew se, the blocks shown in the figure
represent functional nodules realized by the processor 101 executing the
sof t war e WO20iznop33e 10nmenory 102. The vi deo decoder 301PCeaseees44one
encoded video signal and first entropy-decodes the signal back into the
syntax el enments. The decoder 301 uses the syntax elenents in order to

truct bj.ock b bl ock and th ice.after slice, th
oi cturo SaniERT 300K BSEIY FPITHeS BN EPPe SobT YASTerEs ibhous (he
functional gp n'tassarRl];%ethFaté_{éo%ﬁﬂm%ﬂggg&rw%ag'for-@rﬂgﬁ @hé‘éf%&}l :%81?%%&1%9”& €s are

reali zed by the processor execut1 ng e software’'1 y 102.

An i nput vi déthnpdtizt doidewbsdsaof baliee, diie entfipsl dbdef exgploidd dtst@sticaunconpr essed)
vi deo i mage defined by sanple points representing conponents of original
col ors, sucHepghdengisnpmang e dashyanes of wmirx elemenats dethe videmsigngldiher

conponRents are possible. . f ex l e, hu sat urati an vatue . _The input
i dbo >20pi ot 4 Pe0ronst 2P hEBERCT biCagka Visbo sttmal Tosdctior BhPELER:

squar e pi ct upe tah SflcoUrsbSdri g sBhwhbx Fdgpt xel s of the | uma conponent of the
picture color. The input video picture is also partitioned into nmacrobl ocks

t hat each r ¢{1383entFI€k8 shioxwslasgentragatw of a video tdacodeh towhichahppresants of t he
picture color. I.n general encoder qperatjion, inputte crobl ocks may be
tenporal |y HtVeapap ?’}ﬂyﬁi? @P@chg Vﬂg‘i’ﬁlbe %&%ﬁl@g"ndp tﬁﬁggareﬁ,eg{ﬁsgqti on. It is
however assyiRsohA mbdf-PHEAOSPLL hellrSEUSS AN &eluddhTBRWAR pexm AQO are
all I-slice type macrobl ocks and subjected only to i"htra prediction.

[ 004Q)I nt r anenedty dOR 0T hes/idacdurplérsitddreadivesthe Rhe @dedrediccsipndl amdditbte 401,
the operation of which will be discussed below in detail. The intra

prediction fR@eMEdewulos thyesignad back wiphedyataxsierpeek Thodegadsidhbrsesont al
d i b ' f . nej ' ks, whi chh i ous|
boen. encodede SUREAT BT Brdlh (M ELARIAI 10 BEER by CE bR B e Y

404 of the pradifedrisNbe _bh@ﬁk:tlﬂ@gamEl@bgbOAicﬁ"p’if@sm%&%&&ﬂ&@d@@t ween a target
bl ock 400 and the predlctlon bl ock 402, is transfornmed, scaled and

quant i zed al0@H r ansio dreosihe timestipral medvlgrefihe viaiss engedan @ Odre(lihests and
t echni to th f skill in th id di fiel i.zed
tr anafor m cord ot nbdtiouatarBtindy Brprasyot il ae e e itbpyata g
Smodul e 407 yandembAn 2.t ARGnfit Etuté £sh RANEbr h HeR §B hatbrdi €l ating to

the intra prediction) as an encoded video signal 408. 100411The video
encoder 201 (wwotgresedeadeld ngageudedinied balsatpld poipsrépresernting rcangpoadnts oif on  on
target bl ocks.. The decoding functionalj cqQupri ses. an inyers,

st zat | oATRIENEHGR IO BT aDG RN ST BIREcs PSS @it i zat i on
and 10i nver ks [ : o f:l.cl 406 to
produce theégrg@g%ggg %ﬁe i é(':ltB {éég&réé(gﬁlggﬁg?ﬂ%’l%@%érgﬁﬁ gg[lg%d)de etlgﬁ {tltﬁ\ghéo
predi20t i on plonak i48¥idethatsmaroblodis 0@ chap eadh epiedentresjudieapicditOarad

predi ction block, 402 is a reconstructed block 411, which is stored in the
frame menor §oRdingRf Mi1P pieels ebthedwap sprpaneH eI taepichye epler hhe input

prediction W&%ﬂlp@ctﬁ%]is tai)so%%?t%(%{e% ifito macroblocks that each represent 8§x8 pixels of

each of the two chroma components of the picture color. In general encoder
operation, inputted macroblocks may be temporally or spatially predicted using

25 inter or intra prediction. It is however assumed for the purpose of discussion that
the macroblocks 400 are all I-slice type macroblocks and subjected only to intra
prediction.
[0040] Intra prediction is accomplished at an intra prediction module 401, the
operation of which will be discussed below in detail. The intra prediction module

30 401 generates a prediction block 402 from horizontal and vertical boundary pixels
of neighboring blocks, which have previously been encoded, reconstructed, and

stored in a frame memory 403. A residual 404 of the prediction block 402, which



15prediction block 402 for decoding of a next target block 400. [0042]FlI G
5is a flowhart showi ng processes perforned by the intra prediction nodul e
401. I n awoantkzweowi t h the H. 264/ AVC St andard, intra prediustélondiomyol ves
predi cting each pixel of the target block 400 under a plurality of

predi cti on nodes, using interpolations of boundary pixels ("reference

i | s") 200f L ghbori bl Kk i d d t. ted. Th
e ) o SRR 0 RSB LU RSB R A oL The
associ at ed WhhiTofinélst£68hd GORAA LY 8 RaREfoAh SRS AR LB oPERULRLRO

specific pixels in the target block 400. The intra prediction nodufe 401
runs intra psiedinedtheds amidechitineesriespactbitheseprfallilLin the videdesdapdigeéner at es
different prediction bl ocks. Under a full search 25&%58") al gorithm each

of the genefypBuzesENsETbEeaffigieRts 406 4 Hsacalopy cofed MANGBITopY SORINg00 t o
or the : petron” > “Fonpares . e U
204 of pr oameRie A EAEh AR R frogd LRl oDl AT RAGRIGH oS, 1

nodes. The begiition) aath eAcsfedtvideorféndospr edi ction node is conpressed and
sent to the decoder 301 with other control information syntax el enents.

30100431Eacifq#lddi cthovidaodecadsy 20k cortsins idoeatling funcgenditsito perfenn igra of

predi ction as descri bed bal | i,.,e..,. horizontal up, .vertical and

di agonal domdl“glfo_t“)qn t,&r%ﬁ?f g’!ﬁ‘%‘fl ihg dresting ﬁWCﬁﬁWﬁ% CB’E@E‘F?W"&F@BN cally by
an angul ar diafehlioratbofhatich %Bﬁﬁifﬁﬁgwthmh%%rﬁasq'h\?’&eﬁiﬂa%itz&i(ﬁ{ &fns such
as shown in FIG 7. In this type of diagram ‘each arrow nay be consi dered

r epr d¥ent i ngrvarsertestistirimaniodionab¢ feantized &rapsfedh coefficianx406 therodug the
correspondi to.a predictio e has a general relationship to the
direction fgg“rﬁd@ﬁé’r%{#@‘m @éldg‘gg)ﬁ)gé"%g}:@tq f &tthPée‘g?té‘?fb?]@ﬁgéO%i *8Fs used
to predict ] J : : f xel i l.ease note that

t he predict %%%%%g%%&%dﬁ%ﬁggog pggg(? %I?(? %%d%ﬁg%%%%oﬁg%not associ at ed
with any pr eghoattnanedibloek @il dbhwhiet is tshured irctBNREmbendhessrdddeshdoriaty cal Iy in

the diagramunlike the other prediction nodes. In the DC prediction node,
the predict e thersErmand pseddwiibe dtteadpredicHon madubatdl {9 seaerdaimat he
predi;gtion ck. ] t i.for ta th al ue of the reference
pi xellg. [oo%ﬁ ulroil}lietﬁaégg@ﬁefodeg{;%ngg@a%ﬁﬁ)ét tﬁr eglbg"t%?glq&hode isinitialized in

Step 501. 'LOO‘%Q heriGletig amdthattsh&veil HO2essbehdiesrmiddeyhedied i on mode
indicates the DC prediction. If it does, the flow advances to Step 503,
where a DC prasigition madwe dok. 4pacqosdapenavith thd Hv264 AVHe Stamalardy aitteee of  t he

reference pixels.in Step 503. 1f the 15predictio de. .l ndicates otherw se,
L bredi ot i ORI o e P Binting et RECbP LR G eRe PR FPOLEIGH Brrdbgor |t hm
associ at ed be&d}dﬂi%nﬁﬁ@@lés%éiﬁgir{rag%wti%ns%?@mﬁ%zy PRER“REQERSSpiksh) be

di scussed below in detail. Aftfer Step 503 or 504, the flow advances to Step
505, 20@her e bf n¢ighbaing blionkdprehmuklyrencbéedareidieconstmcteldodite predicgemer at ed f or

all of the predicti.gn des. If .intra prediction is run under all_ of the
20pr edi ct i oﬁ’oﬁﬁﬂ@%ﬂ, ISFng??qu%@‘éfn’@ée;ge? gupeis 5362kl AGIOsELed Yith a

prediction 1S4 i - : r tep
502 In o e Eog aaREEHR a0 Broatfingafecill phieBAR MBS B T
the target BO@CKhdQfrd predrtionmatld HE apkinmapRdRdioatundsr i aespedtive h

m nimzes the prediction residual 404. {0045]_FI G. 6 shows the functional
nodul es of PREIGiogaBodRscdgeng@ics differsat pdighionibberks. kugar adulhsasreheal i zed

by t li% pr OC?%%QS al]g%%iﬂ%ﬁ? ga%hior}'ghet Eeene%a%cri %Vl%rd?cti]o(r)lsol(i)crf(s is compared to the target
block 400 to find the optimum prediction mode, which minimizes the prediction
residual 404 or produces a lesser prediction residual 404 among the prediction
modes. The identification of the optimum prediction mode is compressed and sent
to the decoder 301 with other control information syntax elements.
30 [0043]  Each prediction mode may be described by a general direction of
prediction as described verbally (i.e., horizontal up, vertical and diagonal down

left). A prediction direction may be described graphically by an angular direction



the menory 102. The encoded video signal fromthe encoder 201 is first
recei ved by an entropy decoder 600 and entropy-decoded back into quantized
t r ansf or rwoaefAidiogi4ent s 601. The quanti zed transfor m coefPCiraisesti®480dL ar e

i nversely quantized and transforned by an inverse

guanti zation/transformati on nodul e 602 to generate 30a prediction residual

C0octsd by 4l EREARD TS et T8 et e B B BB
sel ected by " i ‘i’'on'node, the
intra predi f}ﬁé U a8 dREIERY doptiiereRr @@eg@'tfh RGRES SI M | ar

to that per orr%@g I'n ﬁgep’s 508‘2, 50%55/2% §§4 g’f I‘—rl t% enerate a

predi cti on Bireclont® predichign bosded &he gpighket @reaspomdihg lde pradictiinaakde has

previously reconstructed and stored in a frane nmenory 606. The prediction
bl ock 605 i 3 ggaRiabrelaionslipge deg dirgcdiondeam dhgawerbied ayeragedneationat the bl ock

607 ot deco Vi ign T r.econst ruct bl gck {.1s _stpred in the
fr ame?c5 menor ge?_gr(? 8C$§§(e%s%elglrtlo Brreglgclt %ttlg%”%p@%‘e ator{ggfar%%[(%)ﬁéqf%%g] K?%ag? ail ed
descri pti onp¥lelthathBe giadeRticasmbeds iavmden D@gré)ﬁ&ﬁﬁ‘ﬁrﬁo@é whi@ns pe¢ perfornmed
by the intra prediction nodul es 401 and 604 to generate a prediction block

under one o#ssphiatgshedh eny preddtwsdiraskior pnd tthes, Danprtddi desiroredigapleally

H. 264/ AVC supports Intra.4x4 prediction, Intra_.8x8 ediction and Intra
Toxae or o B e iaarhm ks e B pemson andlisa iy e Gl moar e

si gni ficant iodn § [ ¢ i Celn L '

St Seen anaPiidion Bibed 16 R dehfofed sy bich BREELEE DU Bba OF

pr edilfti on issepenifammydo tdeeamialae pf dai refarencerpides., |1 ncl udi ng one DC
predi ction ppde. 15Spatial prediction directions along which Intra_4x4

predi ction (044 1 o?%&’gabaégéﬁg\;\ﬁ Priheprgdiction edegisgpiializedincy ep A 0T

performed u i .edi ctd I I - predi ct | node.

I nt ra_lleGﬂgrggéﬁﬁc#?%ﬁ{lﬁgd fp%)le$rtg grs %%ﬁhﬁ'@?ﬁ%%\’&?ﬁ%g) gg’? %C@ﬁgglcrg}%%gﬁs% ﬁlancl udi ng
one DC pr edpgddic@ionddé.doedAhd NBecaivansdsudiSes SiBwHehah DA piedidtRattodkn t he
nunber of prediction 20directions, or an increase in the nunber of

predi ction fiBdesgengesied withyhe mvan valyeed thorafergnes/pinglstihStaporidr d§ dicon

ffiagi i i.d di LS f I Nos. .JCT-VC,.A119
Cr andar ar 1 ReALCRPIREET ey ery e, SERARGTon TRFD A7 ks SR RGeS
subnmitted theligthtiction! dralferrahinvasd@ae WthMhe feedi@simaiold ATsi¥p)lo4bot h of

which are incorporated herein by reference. An 25increase in the nunber of
predi cti on wihosepicsass Wdhbksdiseusaed belowaasietdiln Afier StapHe3 oot 04nheflaw

interval s of ,avail abl e diction djrections, and, thus, to an increase in
e muaber - BaERs S 0B e dhis Helebruac ondh ot aliaidhyABer 6
prediction } LATRE ¥ 4 : V, Lot ion
Dl ook whi ch ey el TACIIEGE B8 peldTRich HBALE SReyENARORTOhS: ARVERL BIBINR L°T, &
di ag2lm shopredictidnend@esptledi®t advandes acStep396 pCohasdst, ihe fedictivnimdde.

JCT-VC Al119, In FIG 8, the reference pixels cgnsist of seventeen

horizontal pilReIcEeRs Beyempeeand el retnasito sispd . Im%%@%&eeb%%? | ef t
e L e T )
in an 8x8 btheadptindéa prédiMicfmptepesieh ndihlthizeathe prediction residual 404.
[0045]  FIG. 6 shows the functional modules of the video decoder 301. These
25 functional modules are realized by the processor 101 executing the software 103 in
the memory 102. The encoded video signal from the encoder 201 is first received
by an entropy decoder 600 and entropy-decoded back into quantized transform
coefficients 601. The quantized transform coefficients 601 are inversely quantized
and transformed by an inverse quantization/transformation module 602 to generate
30 a prediction residual 603. An intra prediction module 604 is notified of the

prediction mode selected by the encoder 201. According to the selected prediction

mode, the intra prediction module 604 performs an intra prediction process similar

10



directional intra prediction in which the nunber of prediction directions
is adjusted according the size of a block to be predicted. 5[0048]FIG 9 is
a fl owchaw0 20t20p33g t he process, proposed in JCT-VC AlLl19CTafS2¢genetoat i ng a
predi ction block along one of the prediction directions showmm in FIG 8. In
the foll ow ng description of the process, sone algorithnms are sinplified

predt ot fon 5 GRS BPEd BV Wr SOT RORSORAL FIG i Ry 4B RPFEGFO nt 1o
predi ction glARge3, d& xﬁgs&a (il il SRR 10cks FRNbYs1P A chORidLg can be

i mpl enent ed symeitica e proces enonstrat ed
in the softwadaodeWadﬁealnbmah@y%6Am précﬂ1thmubh)c1€l605 iBaddeaws tiken 8x8 bl ock
to be predicted, the process shown in s _expandabl e to be applled to

various nunBediction r6$1%41560i3rf°d?‘¥oﬁléﬁf%ﬁta l@@ﬂf ﬁ%tpﬁflﬁ“‘&%d vidso ssstwbpllBE  a bl ock
b di di | ock
ey a0 colsseTERls BBk K7 1 Rarbiin g Bk ¥Ry oy O Lo gf' o°

| ar ger arraysegfblpiikel s. Ot her pixel configurations, including bot h square
and rectangul ar arrays, may al so make up a prediction block. [0049]In Step
900 in FI G [@46] ef eﬁ?&@lntaele@dﬁ@rmtnon W\l&irhezgm@raas fohlgwsemt the prodseuaidStepes,

which lie i teI eand | ef t of rget respectively, 20are
read from ng{)% %1 I&EW\HF Ct}?é\/@o 4§f@’@‘? 6@‘&%’ Béd,

reconst rUCtﬁf&d{"dﬂﬂmsélé’él@ﬁqde? ofte bF re&ie%a{mo%fegmx%gptttﬂ@]j@ﬁféayctﬁ;93 shown in
FIG 4. The pixels fromthe horizontal boundary are stored in a nenory area

call é@ "ref HodeTlhbzqm/Aé/[(é sippomstlhtra ver4 predictioopimdar §=&peedsdtionedi n anot her
menory area_call refV', Returning to FIG, 8, the reference pixels are

25i dent i fi et gﬁé@ predisiom datra<tihpradicion ds ermmoalysessmhvhan thefetihe ori gin
at the uppeiohfichnPhdih iPRR!did tﬁﬂ:.'Iﬂtrtahfxﬁggr%ggjtﬁﬁﬁ)‘rei?ﬁ%? LhgRaphzont al

boundary pi X have coor es expresse =0, 1...16

and y = 0. I[ﬁlﬂald]@bk:*, W&hnbmmﬂaémbmckeh@whﬁmﬂ coargidnatedienen gssed by p[ X,

y] mnth x =0, vy -2...- 16. 30[0050]1t is assunmed that the

hori zont al B@fé@ra@ﬁ@urmemr@ mededen nwd@ﬁenﬂ’eﬁmgwnsrlé@pr@ilﬂlcm@od@ent| fied by
he verti oundary

SI i(glqgcglt o?gd&uaﬁ ‘%ﬁtr’% 31re§;:tlgpagtorn§fv(}ugl? g%falﬁtxanp&él%%rhisﬂefé’ ey ogi cal
address () séwhlinFFG.0. Infra 828 predidionh Bé€o@dhuiiex alnel pﬁe@kﬁéﬁﬁhdd@st he
address having the nunber in the coordinate fromwhich it is read

Theref ore, wludieg hoe Diopredictiandnads: tintral lﬁjﬁlﬁeprsdlahen gsr;&pfurmkiluyxder
represented.in FIG .8 the nenorty are refH and refV may be consi dered
ext endi ng | {21 Cté%%ﬂ?%b@‘gvéﬁgﬂ%%segeﬁdb‘it}?@rm %ij each having a | ength
of 2 x si ZeLGTM]?! WS Rt §hdis shév R ah IBEAE 15%1‘?1%9&1 d}%r&h@tléﬂ ze of the
target block. It is assuned that size has a value equal to an I nteger power
of 220such dseatjons, orlfh increAsd mvhpasmber bf predasiod esedes pexhetrallySaotrilaunes
8.3.2.2.1 in H 264/ AVC may op tlon%LIy be applied to the pixels in refH and
refV. to improving the compresswn efficiency in Vldeo coding. See, for example,
Document Nos. JCT-VC A119 (“Angular Intra Prediction”) and JCT-VC A124
(“Arbitrary Direction Intra”) submitted to Joint Collaborative Team on Video
Coding (JCT-VC), both of which are incorporated herein by reference. An
25 increase in the number of prediction directions leads to an increase in the number
of angular intervals of available prediction directions and, thus, to an increase in
the number of prediction block candidates. The increased number of prediction
block candidates simply increase chances to have a prediction block which is
nearly the same as a target block to be encoded. FIG. 8 is a diagram showing the
30 prediction directions proposed in Document No. JCT-VC A119. In FIG. 8, the

reference pixels consist of seventeen (17) horizontal pixels and seventeen (17)

vertical pixels, where the upper left pixel is common to both horizontal and

11



10[0051]In Step 901, a counter called "row' is set to zero ("0"). The
counter row takes a value fromO to size and indicates a row position of a
predi cti omopokalosi4n t he prediction block. In Step 902, acpasanetetical | ed
"pos" is calculated by angle x (row + 1). angle is a paraneter having a
fractional nunber in a fixed-point representation. As such, angle is forned
wth an integer part and a fractiqn d{:I;l%oart, and the fraction part consists
of a fixed KeIhBarboyndpsissar hegelgre, 33 diHgnent predrction lizections He ayakalle Bi cti on
directions ' For . A ¥ I ize" i | fies the
prediction g%ﬁ%??%ﬁmnﬁxalggéa{lﬁgg%i i Jgﬁgg}g‘ F%giéép%fﬁé gl%gﬁ‘ér% =0] in

FIG 8. angliediviahgta ppedittion i whichehd gembel 6BsedicHbadirettians igi rection
which intersects only the horizontal boundaré, wher eas angl e having a
negati ve 209dibsted peraidingitee sige pf adleckitobedire@eteidon whi ch i ntersects both

the hori | d i.caly b ' I [ it hi
R A T R e e L T
proposed inyg -e}é@ingj Zfredicitn DR o ofd SCIE r&lctbd §¢LdRAS shGwh$h used may
be determ ned according the size of a block to be predicted. In the

fol | owi ng dEKGr8.phni tha follawing desaipted dfltht parwgbs @bt akesithms nectimphidied nunber

which varies within a range from"-size" to "size". Please note.that the
range |imt r(S’PseanqXé’leBeAd% itlilf'egesﬂlpﬁi Bqsess 1§ dimjkssl to[ipisz padigionang| e,

t he paranet gy | Sk i E’fﬂﬁ cfora 1 t, and the
fraction pa?lt0 ng%}rr g(ggé %%%g?cg{ogqg?ﬂlg |xgd;é %é%'emgafplfgpﬁgﬁ)b%&% S, which is
equallot o t hpreldagianidifeoidmtHaasemaindf hodigont#inga Heiimiplerdéntéd gyramewhvatih tomy be

30expressed by | o0g2 size accordi n% to the above assunption that the range
linit of andiedrpeessghowniniie 9,9sdemgasitated éstherselingss piogidegibyalT-VC

i ntersectio t h og Lzant al dar nd_ t. prediction direction
represent edgggg'a\ggﬁegpéﬁg%@r §ms}r1]<§w§ %8%%%2% gdé%ﬁ@ﬁ@#‘%@z‘@i Pr ?)Cfi%)gl}fwrblin& ep
902, the OpPRIG!I RiexpRRabltd Baphied €0 viide Mirhigss 8D pixeisatifferenber in pos,
which is stored in a paraneter “int", and the operaFl on "pos 8c (size - 1)"

i dentifies eorffigucatians. kenbrample, pbkockwnbe iprédicted oraydcanmprisepardadetrsry " frac”
. The_operatpr. ">>" calls. fqQr an arithnetic. right shift of hin igits.

The der at oft Pigele 4 P diondled Rk also riperisp el v Sty G stiit Sl Sos. i ¢
is detern n&qa%f;ﬁgiaers, andlr BAgyfolFkbR. efHal pikel &fnﬁ%gfegﬁhs}ih@lﬂd' ro ("0").

| f angle has & value equal to or |arger than zero, t | ow proceeds to
Step 904. Thethfshoaveandeectasmilpraocysdnay elsStmegkediBa periidtnagoelkt. to or | arger

than zero s ts .that y e reference, pixels |Jocated in the horizontal
10boundary, Hﬂ’%it orlgggt?m%]dem—%ha?nrﬁére%? P@‘Glsdﬁd”‘rﬁ’“tZBm@ And ¥ergedldi cti on
pixels in a el i QG @p%l zero
suggests thg{?&?%bg%,gﬂggﬁglggﬁg%eﬁ%%lgﬁ gg%?%ﬁc% Egpvear I éﬁ@%ﬁ#&gé?gﬁy stored
in redbV, arerenesdl@dn meigltboring Hoedi whichhapé BedrSprieioubly dacedéd;t i on bl ock.
[0054] In Step 904, it is determ ned whether frac is not zero. Iffrac is not

zero, 15t herecppsirystastansosoned e efjamosnemenyy suchi as the memaryd0Bsbawprinceeds to

Step 906. f FRS. 4. The pixels from the horizontal boundary are stored in a memory area

called “refH”. The pixels from the vertical boundary are stored in another
memory area called “refV””. Returning to FIG. 8, the reference pixels are

25 identified by their coordinates in a coordinate system having the origin at the
upper left pixel position in the 8x8 block. Thus, the horizontal boundary pixels
have coordinates expressed by p[x, y] withx = 0, 1...16 and y = 0. The vertical
boundary pixels have coordinates expressed by p[x, y] withx =0,y =0, -1, -2...-
16.

30 [0050] It is assumed that the horizontal boundary pixels stored in the memory
area refH are identified by a logical address (x) with x =0, 1...16 and that the

vertical boundary pixels stored in the memory area refV are likewise identified by

12



equal to zero suggests that a prediction pixel in the prediction block can
be copied directly froma reference pixel in the horizontal boundary.

Non- zer o Woao12zggest s that the prediction direction i nPETASCI/0840e4

hori zontal boundary at at non-integer position, and an interpolation of
nore than one reference pixel is needed to derive 20a prediction pixel in

the prediction.block. 55]In _Ste 05, ounter call.ed "col" is set to
zero ("0"). a%ﬁf’&%&ﬁﬁ‘?@% 8’367 1]&?%— ég’ '?O"?MSW&? %aciléﬁ‘”é‘fléﬁﬁ@reﬂolﬁéhei n refH
In Step 907,ddr¥e Ha8{RY BB SGnYeX §] thelcBBRIHkAE iR WhicH #is fEa@OlThéreloredd "INt +
col + 2" are retrieved fromrefH These two reference pixels are

wei ght - aver thgdariapniahamet potiaslgdxels tief graphicallyespresenweddh FGel) ki on pi xel v.
Specifically, a refereqr}%e %'xﬁ/ inrefH jdentified bi{ "int + col + 1" is
mul ti pli ed Bymasy geeas r¢/fland repdmay fecprsideredeatendspg Hnearlysandpighosssal pi xel
in retH ideptifi i : 1) phi ke fhAC ored in
a par fzamet er&bé.achlﬁ)glésiaépgﬁgéheﬁ%&g %;]fedégh g?%q?l%énpédﬁgﬁgé%; ed?S\C/all Hﬁ%iérsi ze,
i.e., (sizereprésenting thefsiftof th& eargdt\bisdkoNnt Byassided et ske hasphairdqoht h ri ght
shift by log2 _size. The 30derived prediction pixel v is stored in an array
of menory atoedisingepier paweppled suclhhs 48, lépr eddnwspass piltetred¢ssribed stk for the

target bl oc nd rtd edi ctj.on .direction. Each nenor rea in
pred is ideﬁ?#?olng%&gfpf%i{g}'ﬁr“m?je?? M@Eﬂ%%@@i}@a& 5@5%/1621%{6@4 r ow
and col. Thggy,&sp/is incremented by 1 in Step 908 and conpared to size in
Step 909. As long as co/is smaller than size, Steps 907 and 908 are :
repedbed. WHI1tol Ih&tamedl, eqoahtet oaldid & owl’ e sétitowerr (F6¥e dBhd couBteep 920.
[0056] Iffrac is deterfn' ed zero.in St.eé) 904, the counter colis set to zero
in 5Step 908 [CiR XplU§ ™ OHE sjze qaf SEHeDR KW Position i girsadigipRetiey rom
refH (int + : e K ' p is rea in
pred. coli slﬂcﬁgﬁﬁﬁﬁ%}%{nﬂﬁégd%%g 9?%’ %?%%H%iﬁ%gﬁgéclgnpégg%}g?%@@g in Step
912. As | ongngls xq@bivs Byralvety istalimnaraetzehadhg pSralionanthndet iaa dixegdpeat ed.
When col becones equal to size, the f]low proceeds to Step 920. )

10[ 0057] Ret PRIA Fepresgniatian dgsuchy el isdarmed withan ineger patand e&racéder ence
pi xelks fro f Lve [t d { | e ediction . bl ock. The
countlgr coﬂj %r?’saefi Hﬁ%ﬂgéeﬂ}%n P aﬁ{ %ﬂ{es%tt%%a H%‘%‘?%“Zm!? ﬁreéﬂarel 1é’r(rﬁrgfr%lse' 7‘%6 Step 914
whet her "i nepresels ohe b theSpre@vEibn &R 'sBown! iRFIE. 8OIFor inktarRe el nglo=0r

| arger than zero suggests that only the reference pixels stored in refH can
still be retsizedi 1e6 thegreiligtiop dgdétean whichi geeb shroggin thehepopdisaties {x 519, bl ock,

d the fl t 915. T f i { 915 i
i1 ar to ¥ Ral 07 TG Bpaugs TR RSN B b ERBREL PRSI R BEoFepeat ed
here. co/i Swhf&rln{e%'b%f@ﬂ%% HR¥izbntal bShufdhry Woh &8sk &%Pﬁéﬁﬁ%ta% hf& I n Step

SITe 914 15 and 91

917. As long as co/is | er than size, eps , are
repedfed. Wdne udsintibes o peslidmalirdcoosivdech tritersédtothothrthe bedsortal ftdep 920.
20[ 0058] I'f "int + col + 1" is determ ned smaller than zero in Step 914,
ref erence pY%EFY ROUBAUEs: mgle \prigs &R ddangoddiennined By & w¥mBH i xel s i n

the pr edi ¢t jaRibACHrech SheRe8RediPhe LA ASHLEALLA oY Wt RTj8gGHEON et ween

the vertical boundary and a prediction ron is first determned. In
Step 918, thanpasifigrediciien diegutemend belubyd papde detetmseedmicerdifi@thei sizeSt ep

902, pos, i.e., the position of an jntersection_ 25between the horizontal
boundary anef ablockde g? pesdlicied by the Aollgwingedeseiptinag itgy assumpddhat qradey + 1) .
G vep<t hat [ tizontal.and. vertical 4ifferences,
Tangl3-1 x %gg% Eiﬁa?@énﬁ?ﬁﬁ%%gﬁ\gﬁ%&n ‘%’ﬁ’{r‘%I"\;e}%)l(Ill %rr 531\%/586+fr§151.. S Rar@ilrated to

det er mi ne tPRagOsdtE koM (10 radPe litfiBoTemEIANaPBE WBBHed Wath \Eldrvadlesboundary and

a prediction direction. As assuned above, angle is wthin the range of
-size to siS2] Like angle, the parameter pos consists of an integer part and a fraction
part, and the fraction part thereof consists of a fixed number of binary digits,
which is equal to the logarithm in base 2 of the range limit of angle, which may be
30 expressed by log2_size according to the above assumption that the range limit of
angle is set to size. pos identiﬁes the position of an intersection between the

horizontal boundary and the prediction direction represented by angle. Returning
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30(-size < angle < size). Therefore, a ratio a between angle and size is
defined by: angle a = (1 < a 1). size Then, angle-1 is defined by:

si zesi ze2weangl2oozan angl e As such, pos2 is determ ned POTSiSe@19iB1m t h t he
square of size multiplied by col + 1 and then divided by the absol ute val ue
of angle as follows: pos2= size 2 X (CIY +1) 5 langlel [0059]Like pos,

0s2 has a fracti nunber i.n a_ fi OJ,n presentation being forned
gf an i nt eg&>1s rgﬁaattl?ﬂoae‘iafl%tl’%> é‘?& 4?“8%??6%"5%?“’6’8?@%‘? %%f the

nunber - of bWB?J}Ms dbd f adgérﬁan ﬁvtbyanldcmg ofdrafion T%c?s &'“(Ezggerl) pﬁlrefltngés{agsg s

stored in a paraneter Int fractlo part i s"store
par anet er 18fratén mhmb&tiamo@,l@hlch\n@stroeécbmenmamiebeel‘ ﬁab’demm bpadtdpy "int2 +
row + 1" and "int2 + row + 2" are retrieved fromrefV. These two reference

pi xel s ar e vt geRllsdoermgadmsticiright shidt of igany digits: ablze ereraler i'&e allpfedi ction

plxel . al 1w, ference pixel fromrefV (int2 + row + 1) is
mul ti pI I ed g% \{:13@2'%1{@/ %ratgm and stored in a paraneter a. A reference pixel

fromrefV ([mt531+ Ma8tep 903, iisis MetermpddedhdiMer drgde Ras A OANE c§lAt6dri N a
parameter b. The paranmeters a and b are then added and divided by size or

ri ght shift bdgdyhirog2o{i¥a. Iflerglebas & ealupeadrldo oo targéndbhn gerosthetftoved in t he

correspondin ar d 914, 918, 919 and 916 ar re eated
it ool bBRsHE R 5 LS Bow paiispbectbin sfano & pasedt

i ncrenent edpyerkhad Eerb%uéék%fh tﬁ%&ﬂ?‘tﬂ'&e&fér&q@&ﬁﬁelg%a&g&i W}Eé Bgﬁzérﬁﬁ\f ' S
smal | er than Si ze. long as rowis smaller than size, the Steps from Step
902 dbe repbalnmﬂry,@rdmred/m ;azﬂdr(mﬂnbﬁnehadppmto derivehmegicadn pixetaninkd ock. The

fl ow ends when_ row ones equ to size in Step 921. [0061] As nenti oned
above, an i REdicAoB ht?‘PF(i? g?r Rpndperag(p smallar thag @gro suggests that

reference pixels located in the vertical boundary, or stored in refV, are needed to
derive prediction pixels in the prediction block. |
[0054] In Step 904, it is determined whether frac is not zero. If frac is not zero,

15 the flow proceeds to Step 905. If frac is zero, the flow proceeds to Step 906. frac
equal to zero suggests that a prediction pixel in the prediction block can be copied
directly from a reference pixel in the horizontal boundary. Non-zero frac suggests
that the prediction direction intersects the horizontal boundary at at non-integer
position, and an interpolation of more than one reference pixel is needed to derive

20 a prediction pixel in the prediction block.
[0055] In Step 905, a counter called “col” is set to zero (“0”). The counter col
is used to address a reference pixel in refH. In Step 907, two reference pixels
indentified by “int + col + 1” and “int + col + 2” are retrieved from refH. These
two reference pixels are weight-averaged or interpolated with frac to derive a

25 prediction pixel v. Specifically, a reference pixel in refH identified by “int + col +
17 is multiplied by “size - frac” and stored in a parameter a. A reference pixel in
refH identified by “int + col + 2” is multiplied by “frac” and stored in a parameter
b. The parameters a and b are then added and divided by size, i.e., (size - frac) +
frac. The division by size can be replaced with right shift by log2 size. The

30 derived prediction pixel v is stored in an array of memory areas called “pred,”
which represents a prediction block for the target block under a particular

prediction direction. Each memory area in pred is identified by the parameters
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candi dates contributes to inproving the coding efficiency, whereas an

i ncrease in 25the nunber of prediction block candi dates | eads to an

i ncrease Wo 2bte0gsanput at i onal wor kl oad. Therefore, in orderustationmiease t he
nunber of prediction block candidates to thereby inprove the coding
efficiency, the process of generating a prediction bI ock candi date needs to

be reviewed to ach ve the efficien roces In review ng
Che pr ocess @haN cPh Fik 18&%6@6@8%{%9&9 crapObid PamBaRd toge b

i dentified L0984 1oh %E%Pfs' %bﬁi'e hohtlense d te

2012/ 009540PC€}'P/ USZOll/OO 4014 1's er conpari so Sg%}a rg(r)l%ﬁfenrsp%%er ation of
Step 914, wWldn dcd beepredt @plalid dize) tHehi@ow pogreedhi> Sep®3d. conput at i onal

bottl eneck is the di V|S|onal operation of Step 918, which is al so repeated
wi thin the (Y59 [ dégzrind ?tﬁ’é%’éleéé%) ingjteyP @4, |th%@@tu5@ﬁ@41wtm mre iDat a

SIMD) 1's ay l&pl q.f I rs,with
grul ti )8I 13 progeI sgfsrbl%neIn sﬁép Fq th% I%gé:rtlﬁg:y?)yetlheggo n‘%‘l}@i{gra’?k@ q_ qle dat a
si mul t aneousl . anHQM‘&Vﬁéredth PhecedrreSpdMAiag etHn @0 a8 H04.N8d/ 1§ tHpOT t

i npl enentation of division and co ut atl on/ branching in a | oop and, thus,
cannot be umem@ltﬁdd;yérm@tten el parshtowize m $eE919. Wedauses of! is

i ncl usi on of 914 d in ho the | oo starting
from Steps 88% Qﬁ§m§i’6€ gﬁgp ad éeﬂo%f@ﬁe eg't%le%ﬁ’l“é B@eﬁfﬂﬁaﬁé? MBS 1t i s
therefore am%&? tockbdd feestBp §3@nt i nvention to renobve the conputational
bottl| enecks from rocess shown in FIG 9 and provide | ow conplexity

i ntrdOpredi §0055h, vmctumlmah&;tep 903,mngaidz siBhILD tharc herbeequiressefepericrpliasient

paral |l el pr CeSSI | ong al | th d| ctjon directions shown in 15FI G
8. [0063] FI Jf}go gelfwf‘omﬁgﬁlpn@wﬁi ?ﬁéedfbﬁ?t&]e@?déf Thegrwbefabit 8 intra

predi cti on ?&Eé}p% @&tp}]%nam %WH&%@@.%RE% éﬁggpwlas\sﬂéthéfﬁvm Lony ;Wi ch is

desi gned to replace process o |'enentation df the process

in Step 504]@ferfth&n zdro. Ft Fl dol +110, edublbtos@itereRf GR@SBrE&gReseshatehfyotheed in
FIG 9 are identified 20by the sane step nunmbers as used in FIG 9, such as
St eps 900, mfirengfawxebmoreé@srefémn sG8 e rebed up@yto derive peadictign pixebr0 and

921, llgescr ! P {h%n r&il cf%omﬁ‘%ﬂe glges;iroéﬁ'fsedg?%s&fgﬁ%t hprrgg%sgrpg IS'IIP% (r)no and

1001 are steps eedf |ar e pr

conpari son hpstepe)mn@@ﬁﬁﬁarwgmc)fm Plﬁw fnd 8XRripies BRsedttwilil ot bd0
elimnates the conparison step of S 903 and all of the steps 25branched

to the |eft répcaieddeep @3S than umelaﬁme@@vﬂdnr&t@p ﬁh@m@n@hpaneé tgmae irer t han
S50 et RS R . B o gl onal ot bl ek g shepe 24 and
equal When col becomes equal to size, the flow proceeds to Step 920.
20 [0058]  If “int + col + 17 is determined smaller than zero in Step 914, reference
pixels stored in refV are needed to derive prediction pixels in the prediction block.
In Step 918, the position of an intersection between the vertical boundary and a
prediction direction is first determined. In Step 918, the position is represented by
pos2. Please note that in Step 902, pos, i.c., the position of an intersection
25 between the horizontal boundary and a prediction direction, is determined by
“angle x (row + 1)”. Given that angle represents a ratio of horizontal and vertical
differences, “angle” x (col + 1), instead of “angle x (row + 1), is calculated to
determine the position of an intersection between the vertical boundary and a
prediction direction. As assumed above, angle is within the range of -size to size
30 (-size < angle < size). Therefore, a ratio a between angle and size is defined by:

_ angle

-— (-1<a<l).
Size
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to or larger than -1. Wen angle is equal to or larger than -1, reference
pi xel s |l ocated in the horizontal boundary are sufficient to generate a
predi cti omopokalosi4n 30t he prediction bl ock, and refereneeTaiSz@hsn4ions t he
vertical boundary are not needed. On the other hand, angle is smaller than
-1, reference pixels in the vertical boundary are needed to generate a
prediction gijxel in_the Ergﬂ)c’ti on block. In Step 1001, reference pixels
stored in reffRati8lexisdqtiBe PY t he negative direction, using at |east sone
of the pixels stored in refY FIGS. 11A and 11B.,are schematic
representations showing extensi oggé” et gefforped in Step 1001. In FIG
11A, reference pixels 1102 stored in refH arengle om t he hori zontal boundary
| ocated 5 above the target block 1101. Reference pixels 1103 stored in refV
are from t h&SvleRinosy 1drieraaingd [rodtep &d 8 vath thersappe of sizgaulgpliedbn ¢01t As

shown in FI ?ana}l'r:’edl @%t&sab ;tﬁlgaang&t?ag’fﬂi\@&ané% assfgng‘ggj the reference pixels

inrefV are copie r has an extendéd part 1104 extendi ng

in the negative direction. [0065] FI Gsizéﬁx.c%lqal)f | owchart show ng details of
g

t he pbocess perforned in Step 10pd 1201, a counter co/is set to
-1. co/ is used to identify an address of%§ extended part of refH 1In

Step 1202, erence pixel inreff/ to be copied into the extended part
of refHis ﬁi fﬁégeﬁgsapgﬁ%bﬁs g Jlactionqg PEMpREING td)r%fp-sﬂmit FERIFRENESD e

equation ispan,i 2 : [ : : er
nunber . Thebglglﬁgﬁlgﬁﬁ fu%icl}llzt ggﬂgrlt?nﬂ gr{L;E/tlz&ggtgﬁeq%?g{:ag{slgﬁBéﬁg?ré%ag§ shown
in FIG 9. the Sineler®I8inaay digitsegermuddisy biposze. i Bhemtapel phedf pys2 {ssi ze' X
(col +1)) >>1lo0g 2 size. angle Please note that right shift by |og2 size
i s equi val eBioredbing RArametsr By sinddhe fipoBe) part sf pps 4 Xogoreddn aPagsretehent ed by

L e, e PSR Ly SR PR IR A Y LB, |

co/i s not ua ["owW rns ep and

1203 are repgatierh agtétrieoad frbﬁﬁgﬂﬁ‘. TR&al ol refrdleixelb b wisheivRgEdPi Xel s
are read fromrefV in the ascending order, or fromthe top to the bottom of

the verti cabr bdenndiusd wihdracdpo derivana predintiongfikelal sipecificalie, aieferenct ng
ot i1 of PRE Penershbi Prere | mllpheEey e TReE SRRy ot he
reference p%)él%hfeté_r% a, @ereyincbiptkel A®nt AFBGiS QPLINe 2] RRntiBipliBE LY PEEESECt i On
of a prediction direction are copied fromrejY into refH "[0067]'Retuning to
FI G 100, t hengsocskis spapsest ar flihagafanosteSteemd¥ 2recthen addeidenhd divided
by size or right shifted by log2 size. The derived prediction pixel v is stored in the
corresponding memory area of pred. Steps 914, 918, 919 and 916 are repeated
until co/ becomes equal to size in Step 917. |
[0060] In Step 920, row is incremented by 1. It is then determined in Step 921
20 whether row is smaller than size. As long as row is smaller than size, the Steps
from Step 902 are repeated to derive a prediction pixel in the prediction block.
The flow ends when row becomes equal to size in Step 921.
[0061]  As mentioned above, an increase in the number of prediction block
candidates contributes to improving the coding efficiency, whereas an increase in
25 the number of prediction block candidates leads to an increase in the
computational workload. Therefore, in order to increase the number of prediction
block candidates to thereby improve the coding efficiency, the process of
generating a prediction block candidate needs to be reviewed to further achieve the

efficiency of the process. In reviewing the process shown in FIG. 9, two

30 computational bottlenecks may be identified. The first computational bottleneck
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fromFIG 9, and includes the steps for generating prediction pixels
branched to 30the right fromthe conparison step of Step 903 in FIG 9.

Pl ease nowe,2otrenesser, that the steps in FIG 10 for gemeratszeig/optoedi ction
pi xel s use extended refH (a sumof parts 1102 + 1104 in FIG 11B), whereas
the corresponding steps in FIG 9 use original refH (part 1102 in FIG

10A). Si .refH i tended in.th ti di tion,. te int
oreti cti on GHEF SPBA HICR g A QHEE PPREGN 1 SisPSLE” shas Svbael LRSSt or ed
[ fV, b t & ‘ol | t
needed 1 egar il SRB rohe gl aretcel bR RAF eV lgheloforpion bESEP

showi ng ano®h&rwhkithadalse ndpeafedtichiptiockep. f or ext endi ng refH, using

ref erence pi@%s in refV. The process shown in FIGS. 11 and 12 elim nates
the bott| end®¥0A ep@ theseslaypSingle-Inpiguaing Mubiphe Patar(SEVILY 15 availabis fgs, i s

t1 end epsSiol lanian g8 Mo Paie(SEM ]
o beods. shostREpPiag, IFEERRb oo P Ui BRI PR O a1

Step 1202 ofo férfornd thefsanidt dpeeationam mhaliplogsth Bintleheses e Howeaks tygiean ref V
into refH By elimnating the divisional operation fromthe | oop, the

process showhMilharchiteetui®s ide nek pepnosidimpehemntatien of dyisooreanche ef fi ci ency of

Step 1202 oFOEPEAiSy bR TE EUotB L. £505 CEUSR ©302IPReDl B 1  he | oo
for copyi ngpr&de8s @06 i (€. 9 HetABe o fihdludiBh 8f SRpklo 1484 988 idiRAIF0L IS

outside the loop. Step 1301 introduces a new parameter called "I'nVAngl e".

| nvANdl e i s abibéugheitic byapssiaen® 0256Stepafgf endAl @ ayel iobadticanugytcdb i s

equi valent to Jeft shift E%’Pg nd makes sure that every bit resulting from
the operati empiﬁfnengﬁdz%y% "ﬁé%@sv&% FEAbIEHO! L RGP FBIPEN fQlent | fying
a reference_pi [ . vt : f ce pixel
inrefVito Béelhé\gépﬁhleegofrﬁ%éutohgl extée}}%ggﬁgg}r{tﬁgé? 8’%?%%(?\21{ }rglgl:](ﬁféngf; by: 25co/
X | nvAngl e>pr&ide [Owecomplekity ditra gredickohwhith le@zbles typi @ SIID fichdedireS to
undo the left shift operation perfornmed in Step 1301. Please note that the
ri ght shift tQpeplsmeshparallenspcessiog alangcali oftbe peedidiondlirsiiang showeul t  of
"col/ % | nvARghee . To round towards a nearest integer, a rounding offset of
128 may be added to the result of "col x 30l nvAngle" before the right shift

operation i $00u3]f orFmer.10lit a SNshartBRowREHe h%esi@ﬁloﬂ)%ﬁ;éleﬁi? frira S j ust an
exanpl e, ang Step 1301 can adopt another offset nunber, ?
2012/ 009540 pCHiciSpOrepBiDipdan embodiment of the present invention, which is designed

to replace the process of FIG. 9 in implementation of the process in Step 504 of
FIG. 5. In FIG. 10, the same process steps as performed in FIG. 9 are identified

20 by the same step numbers as used in FIG. 9, such as Steps 900, 901, 902, 904, 905,
906, 907, 908, 909, 910, 911, 912, 920 and 921. Description of these common
steps is not repeated here. Steps 1000 and 1001 are steps peculiar to the process of
FIG. 10. As is apparent from comparison to the process shown in FIG. 9, the
process of FIG. 10 eliminates the comparison step of Step 903 and all of the steps

25 branched to the left from Step 903, which are performed when angle is smaller
than zero, thereby eliminating the computational bottlenecks of Steps 914 and 918.
[0064]  In added Steps 1000 and 1001, it is determined whether angle is equal
to or larger than -1. When angle is equal to or larger than -1, reference pixels
located in the horizontal boundary are sufficient to generate a prediction pixel in

30 the prediction block, and reference pixels in the vertical boundary are not needed.
On the other hand, angle is smaller than -1, reference pixels in the vertical

boundary are needed to generate a prediction pixel in the prediction block. In Step
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preferably an integer power of 2, as long as the nunber is |arge enough to
preserve all the bits resulting fromthe operation of "sizel/angle". For

I Nnst ance,woheizmopdaer nmay be 64 in Step 1301, instead of PEBA|S2@nm440he nunber
of right shifts is 6 in Step 1302, instead of 8 |If 64 is adopted, the
roundi ng offset should be 32. 5 [0070] The cal cul ation perfornmed in Step

A R R TR A R
o S e DTt a0 OS Yk U 0h SORTROLE T,
angle 1 2 3rerésefitalios Isfmmﬁmgle&teﬂ%ﬁ of 024 p&3ormied id BileB400 1293 FI6H 11A,
reference pixels 1102 stored in refH are from the horizontal boundary located
5 above the target block 1101. Reference pixels 1103 stored in refV are from the
vertical boundary located left of the target block 1101. As shown in FIG. 11B,
after Step 1001 of FIG. 10, some of the reference pixels in refV are copied into
refH, and refH has an extended part 1104 extending in the negative direction.
[0065]  FIG. 12 is a flowchart showing details of the process performed in Step
10 1001. In Step 1201, a counter col is set to -1. col is used to identify an address of
the extended part of refH. In Step 1202, a reference pixel in refV to be copied into
the extended part of refH is identified by:

sizexcol
angle

The division in the above equation is an integer division, and the equation yields
15 an integer number. The equation functions similarly to the process of Step 918

shown in FIG. 9. In Step 918, an integer value of pos2 is calculated by:

(size” x (col +1))

>>log2 size.
angle

Please note that right shift by log2 size is equivalent to division by size.
[0066] In Step 1203, col is decremented by 1. It is then determined in Step

20 1204 whether col is equal to angle. If col is not equal to angle, the flow returns to
Step 1202. Steps 1202 and 1203 are repeated until col becomes equal to angle.
Thus, reference pixels are read from refV in the ascending order, or from the top to
the bottom of the vertical boundary, and copied into the refH also in the
descending order, or from the right to the left of the horizontal boundary. Also,

25 not all of the reference pixels in refV are copied into refH. Only the reference
pixels located within the range from the top to the intersection of a prediction
direction are copied from refV into refH.

[0067]  Retuning to FIG. 10, the process steps starting from Step 902 are copied
from FIG. 9, and includes the steps for generating prediction pixels branched to

30 the right from the comparison step of Step 903 in FIG. 9. Please note, however,
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10 It is assuned that in the above table, size is 8, and angle takes

i nteger values from1 through 8. It should however be noted that size is
not |im two20/®9%wnd may take anot her val ue, such as 4 ana/uBBo11Ak®®4 angl e
may be a fractional nunber in a fixed-point representation as defined
above. 15[ 0071]When a reference pixel is copied fromrefVto refHin Step

1202 of FI St. 3 f FIG. 13, t.h f i th h
2 Tow pass T Tuiens FRaGio L0 fdeaempringitrediioy PHElRGe Srlarel il efdek. The
strength of of Batd PMsoPR$$04 I FRS. 1TRY, Mﬁér%a@ﬁﬁ%‘bﬁ‘eﬁﬁbﬁdﬂlgt ﬁ@ps}’iﬁlfqé. 9fysangl e.
For exanple, when angle is equal to -size, weak ['owpass filtering may be

appl i ed, andriginehregidpartild02quBlG.t1dAA0-Sincesteyldngettondeplaashd négativeng may be
appl i ed. [OSYZ%AS expl ai ned above,. not al] %F,t he reference pixels in refV
are copi ed PHEQIMef sePASREdRirgy Bredigtion gperationdesigned sRecHiicadydojuge r e Jv ar e
copi ed, so ] i .S ; i i ht:l.gate the

| oss gf i npg?%n%%?%ﬁgglts%go IJF(ZérE)%Z?i %Mr(}ﬁgts %é’?@?‘éﬁi@eg?@g‘?’gﬂ |S£r|§;Brd§T3Illhand refv

may be doubF&@. $as hbatected Rrgardlesdwiahe/sigant anplenot only pixels from
previ ously encoded and reconstructed bl ocks but al so one pixel between two

adj acent r et@8{ r udiled 1piix e flowchpit showmggamesieaeabogimenitoé theopracesidor wo

dj t pixels. T dj i xel. ' b d t
"t or pol at i BRCRIREr Tt B RNl e 1Y B Ry B e
reference phxels eBfidndi@Afe bbttRneEk &%Qs Of SEhED 1 PandWENsHIWh Fsel. Widr@n Of

pi xel s is 30doubled in refH and ref identifications of the addresses of
ref erl@nce pihwel is exp@ 1O kIGO0 Bl MRCTLSAG of hé 4dtap=totied procesef Fhand refV,
such as perforned. in St ?@; Zg? 910, 915 and 919 in. FIG .9, gnd Step 1001
in FIG 10, PHSES 1oWpenddGr L4 clipgpatesibe diwnaional operatiqugrerforiped jp Stegr ned i n

Steps 907, 93§ PP L2 R&EI8e 1&8%5 gwg%gef&%ngébgi&e f?@?ﬁ%fV'"mEo;'rhe i Nt + col

+ 2" perfornmed in Steps 907, 91 s to changed’to + 52xcol
+ 3". "i nt 2B¥ diavinatirdg tharivisionhl2operativn from the yopothegdota’s Si@pn #il9 need to
be changed to "int2 + 2xrow + 2" and "int2 + 2xrow + 3", respectively.
[0073] I n anbl%el3 Braspestadin furthgeimprore dhe ¢fficionep of heanirg ppdastion? nay” be
changed si h%ego "refH[col]<-refV. [-coil" to further sinply the copying
procesSs. Al ougsh degradi ng the accuracy of prediction, this enbodi nent

provi des t hgook9) oweEte rooeks 8Xow in PIGIES fepldcas Biepdi20Ri@FIGPEZ akithBieps
[0074] FI G 11B shows the extended part 1104 added to refH The extended
part 1104 d2Q! ast 1HEeStep 1B@2 fsovitkia the lavprief eemrogrgdesearspixelbriraaf V. The

extended part,1104 pmay be fogne ith pixels fro n a of previously
reconst r uct &d” B¢ Igf,% Wh %rﬁass%tg}? ﬂém y %@?lﬁggbeolr‘?ﬂg'n?gept ﬁ{éﬁl 18‘53‘?&_8?1 A% he
extended 15paamelekQ4lled Wrbkfaiet 1By HloNCR RKheNeed in the negative

direction, extended refH (parts 1102 and 1104) Tanges from-size + 1 to

2XSi ?g The range of extended refH Weizeescal ed to range fromO to

3xsi 1 by addi ng an appropriate @,;glé/\hen addressi ng reference pixels

in extended refH The same holds true for “rescaling the range of refV.
Multiplication by 256 is equivalent to left shift by 8 and makes sure that every bit

resulting from the operation of “size/angle” accounts for the calculation of
identifying a reference pixel in refV. In Step 1302, the address of a reference pixel
in refV to be copied into the extended part of refH is identified by:

25 col x InvAngle >>§ .

The result of “col x InvAngle” is right-shifted by 8 to undo the left shift operation
performed in Step 1301. Please note that the right shift operation in Step 1302
functions to round down the result of “col x Invdngle”. To round towards a
nearest integer, a rounding offset of 128 may be added to the result of “col x

30 InvAngle” before the right shift operation is performed. It should be noted that the

number “256” is just an example, and Step 1301 can adopt another offset number,
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20[ 0075] I n anot her enbodi nent, the range limt of angle may be freely
chosen. In the above enbodinents, it is assuned that angle takes a val ue
wi t hin a wange/(fwsm -size to size (-size < angle < sizepCTius2atiioer1nor ds,
in the above enbodi ments, the range limts of angle are defined with the
size of the target block. Please note that the range limts of angle may be

defined i ndependently fromthe sjize of the 25target block, although it is
still pref epaeé?rébpyrﬁatmf%r PO 2 8 tONgeasBE MHBPERISIArER PR tRehTedfdtRr  of

2, so that . L0 te. il Vverd s . '

%t angel 1 m ¢ "0 SENREULIL o iR QRS G ISP AR, TUF bR WBLUARy,

| ar ge numbemalyde 4aingskp MBO1, iAstbaT G2 I8 ahe theafunibes dif eichoshifls (€61 S8 can be
establ i shed and represented by values of angle at sufficiently w de angul ar
i nterval s. 380D0on83ad ot §elfrodnigedoptpd.tithe foundgpgofifset dedulddd 32ndependent | y

f he si t t t.. bl ' ' in FILGS.. 9 0 d
SR L T e T e S e e e e 0 S e
| 0g2_r angel bptrasio® ¥ RREhet RIdust BRScopffhtati Rl %%69@9514&85?%&%%9&%&41%9 14
912, 917 and 921. The conparison of "angle> -1" perfornmed in Step 1000 of

FIG 10 al sablesdsepacbwhidhyrtaeedalves bf ravgxisirglation ngtheivaiues »f akgleor

“angl exsi ze> - rangeljmt'. Further, size appearing.in Steps 1202 and 1301
in FIGS, 121ahls aoNiedbetdy et Ssmpley hlehor lon SBiiReote L ¢ he conpari son
of "col 5= angle?" perforned in Step @f peeds to be replaced with "col =
angl exsi zelrangelimt?". [0077]1f rangelimt is introduced as a range limt
of angle, Tahgle 1 (provided2aboye)3may be chlanged as ol ljowsz Tablg 2

Angl e* 2 519,18, o17 2486 1024 | 683 512 | 410 | 341 293 256
10

It is assumed that in the above table, size is 8, and angle takes integer values from
1 through 8. It should however be noted that size is not limited to 8 and may take
another value, such as 4 and 16. Also, angle may be a fractional number in a
fixed-point representation as defined above.

15 [0071]  When a reference pixel is copied from refV to refH in Step 1202 of
FIG. 12 or Step 1302 of FIG. 13, the reference pixel may go through a low-pass
filter to reduce possible aliasing in the prediction block. The strength of the low-
pass filter may vary according to the value of angle. For example, when angle is
equal to -size, weak low-pass filtering may be applied, and when angle is equal to

20 -2, strong low-pass filtering may be applied.

[0072]  As explained above, not all of the reference pixels in refV are copied
into refH. Since not all of the reference pixels in refV are copied, some
information is lost when pixels are copied. To mitigate the loss of information, the
resolution of reference pixels in refH and refV may be doubled so that refH and

25 refV contain not only pixels from previously encoded and reconstructed blocks but
also one pixel between two adjacent reconstructed pixels, which is generated by
interpolating two adjacent pixels. Two adjacent pixels may simply be averaged to
generate an interpolation pixel. The interpolation process may be performed when
reference pixels are read in Step 900 of FIG. 9. When the resolution of pixels is

30 doubled in refH and refV, identifications of the addresses of reference pixels
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32 I nvAngl e 4096 1638 910 630 482 390 315 256 10 In Table 2, rangelimt is
set to 32. Angle* is equal to an integer approximtion of "rangelimt x tan
(Tr x angWe/28)2009mbere angle = 1, 2, 3, 4, 5, 6, 7 and @CTiuseringhw14 s equal
to 256 x rangelimtl angle* . The values in Table 2 are all integers which

are derived by rounding up. Instead of being rounded up, the nunbers nmay be

1or ounced, ot DTS TR0 S5 BACORE SsSgf R 9132, e, o

ggeclii?ct i on FEGNeGRasREl hoo1 RVEIG. ibaReddBtbeQbaltablFer fstafi@b)¢nSr Aol ¢F 2 5 9
performed in Steps 907, 910 and 915 needs to be changed to “int + 2xcol + 2.
“int + col + 2” performed in Steps 907, 910, 915 needs to be changed to “int +

5 2xcol +3”. “int2 + row + 1” and “int2 + row + 2” performed in Step 919 need to

be changed to “int2 + 2xrow + 2” and “int2 + 2xrow + 37, respectively.
[0073]  In another embodiment, the process of Step 1202 in FIG. 12 may be
changed simply to “refH [coll«—refV [-col]” to further simply the copying process.
Although degrading the accuracy of prediction, this embodiment provides the

10 lowest complexity to the intra prediction operation.

[0074]  FIG. 11B shows the extended part 1104 added to refH. The extended
part 1104 does not need to be formed with reference pixels from refV. The
extended part 1104 may be formed with pixels from an area of previously
reconstructed block, which spatially corresponds to the location of the extended

15 part 1104. In FIG. 11B, since extended in the negative direction, extended refH
(parts 1102 and 1104) ranges from -size + 1 to 2xsize. The range of extended refH
may be rescaled to range from 0 to 3><;vize - 1 by adding an appropriate offset when
addressing reference pixels in extended refH. The same holds true for rescaling
the range of refV.

20 [0075]  In another embodiment, the range limit of angle may be freely chosen.
In the above embodiments, it is assumed that angle takes a value within a range
from -size to size (-size < angle < size). In other words, in the above embodiments,
the range limits of angle are defined with the size of the target block. Please note
that the range limits of angle may be defined independently from the size of the

25 target block, although it is still preferable that the range limit be defined with an
integer power of 2, so that log2 rangelimit is é positive integer, and the equation
“rangelimit = 1 << log2 rangelimit” holds true. By choosing a suitable large
number for rangelimit, a large number of prediction directions can be established
and represented by values of angle at sufficiently wide angular intervals.

30 [0076]  If the range limit of angle is defined independently from the size of the
target block, size appearing in FIGS. 9 and 10 needs to be replaced with rangelimit,
and log2_size needs to be replaced with log2 rangelimit, except for Steps 909,
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21 26 32 InvAngle 512 204 113 78 60 48 39 32 20[0078]FIG 14 is a

fl owmchart show ng anot her enbodi nent which further sinplifies the process
shown i n WD@0121009540he process shown in FIG 10 of copyi RgTrsSk@nanmes pi xel s
fromrefVinto refHis perforned before the flow enters the main prediction
| oop, whereas the copyi ng process shown in FIG 14 is perforrred within the

[ di the r oce ,n FlG 5el tes the
o T an o rohE g R Biogn, s songuBogng: sowle pom pritomed inGos a0 PBrrt he
correspondi Pﬁ?slt(ﬁéﬁ? h@edzltg‘bel' Ia&eQP\ZRL" né&eg Zél;’ %elzﬁlnguﬁu’ 6f lastint is

initialized to -1 Int re esentst e 1 ndex o Mast pixel which was
added to re‘I‘&rlzgldzxszt}pr@%%lmpﬁS Husthes) stel appeatingyineBigpel 202(anaW 3015h. As

expl ai ned above, pos identifies the position of an WO

2012/ 009540PKTS- L]g?,p andy ) rersls 4o be replaced with rangelimit, and the comparison of “col

S = angle?” performed in Step 1204 needs to be replaced with “col =
anglexsizelrangelimit?”.
[0077]  If rangelimit is introduced as a range limit of angle, Table 1 (provided

above) may be changed as follows:

Table 2
Angle* 2 5 9 13 17 21 26 32
InvAngle | 4096 1638 910 630 482 390 315 256
10
In Table 2, rangelimit is set to 32. Angle* is equal to an integer approximation of
"rangelimit x tan (n x angle/8)", where angle =1,2,3,4,5,6,7 and 8. InvAngle
is equal to 256 x rangelimit/angle*. The values in Table 2 are all integers which
are derived by rounding up. Instead of being rounded up, the numbers may be
15 rounded down. In Table 3 provided below, InvAngle is equal to 32 x
rangelimit/angle*. Since “32” is used, instead of “256”, the accuracy of
prediction is necessarily lower than that of Table 2.
Table 3
Angle* 2 5 9 13 17 21 26 32
InvAngle | 512 204 113 78 60 48 39 32
20 [0078]  FIG. 14 is a flowchart showing another embodiment which further
simplifies the process shown in FIG. 10. The process shown in FIG. 10 of
copying reference pixels from refV into refH is performed before the flow enters
the main prediction loop, whereas the copying process shown in FIG. 14 is
performed within the main prediction loop. Also, the process shown in FIG. 14
25 eliminates the variable InvA4ngle. Steps 900, 902 and 921 shown in FIG. 14 are

from the corresponding steps in FIG. 10.
[0079]  In Step 1401, a counter /astint is initialized to -1. lastint represents the
index of the last pixel which was added to refH. In Step 902, pos is calculated by

angle x (row + 1). As explained above, pos identifies the position of an
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i ntersection between the boundaries and the prediction direction
represented by angle. In the context of FIG 9, Step 902 yields pos, which
i dentifi esotzhe/qezti on of an intersection between the roTiusential4oboundary
and the prediction direction represented by angle. Further in Step 902, an
integer part in pos is stored in int, 5and a fraction part in pos is stored
in a paraneter "frac"., In Step 1402, it Js determ ned.whether int is

sral 1 b ¢ hatrqrseationetyeeh e PPyt an third P BECUS FROFSEBIADYp: xel i n
refVidentifiad ByweQintckt 5PRIC D, I HELOOELIIA pANWAREN i8S AGRL bbLifGn PY i nt
+ 1". Step 1404 consists o? St eps 904, 985, 9%%“@%%1“ glg% Qgéb %?gn 911
and 912 showfan mtdrbésEonDeaneknliBe hohiasatiemerdapt aahthe predittisrepieadiod her e.
10l n Step 1405, int is copied to lastlint. The operation of copying int to

| ast | nt  may SBECspRleH by axglq. nihusthes in tep, 902, 8p dnfaeestpagtiapos Aporqdgo g} The
copyi Rg ope I i 140 ts. N _copying,.the i xel as copied
i npét gps 12%)@ %ﬁgdi(gbg%r?\%@?seérséogglglinnép W 6?s ruse'dﬂil ﬁ%ﬁ @82’ 1QS%tlseps. Step

1403 can_bedéreghinkehethek @48l sin@llér MBRAISSh::.i THRORsnYeLRAI/EJHRa | Yy using
"row + 151", instead of "row', in Step 1403 when the fractional position

frac conput ederenceqpiap! 902/1 slentifigéby rhwis ofpiseinto vt ansaddedssned by

limt - >> 1) P te.th le is. - dfj-ac is +ve.
The use of et B TP SERTF0RRuY ApSErS oDk ac ot Higna
i ncrement od)d,aw;bndb12tREwANATEES. Behl AR bSO delchBtidd B3ndtSe SRR et O
refH int + 1] refVrow - ((offset - frac) 20>> 31)], assumng that in 32

bi t afi t hneln Steprlidghtinstsidopiedfto/afifigeThe opeemtionrofsupyiagiiny to Lasshemdyr ac i s
| ar ger than of f set q%gd results . in 0 otherwi se. Thus, the address identifier
"row - ((of psRgriormedinySiep 5443, ipg tepddl3 1" when frac is larger than

of et and RRBPITS oAl BTN Rf:inldhe0t A0 Heshite Slork i AQGEE Whlur w1 set

- frac" wl I've an no roundi ng

25[ 0081] Thecqned reStepsl e2@learal DR wherd RnGing Juvagisamesi Mthean gepgestephi ch
i mpl ements the process shown in FIG 14, is |listed below. The source code
i s nodi fi ed4®orAnbremrdidieriie dperd Ok neapesé intagerdrpntitineellp psingdnewin t he

TComRxedi ot {05 69 £, WYl S4B e nd BScrBHUE, Qo PLL MBS iG] Oped by

JCT- whi chH '1T's avai |
http:// hevcstep.dobgs Q@géﬂtﬂéﬁ’B]{/&e@,t\}éﬁicﬁlgééﬁl?&ﬁé}pm%geﬁﬂit/# (drignct3-qn for

deriving the sinplified angular intra predictions Void TConPrediction:
: xPr edl nt r aRlegge naie thap8rele 15 nve, iadd FBreris dwe. Bbt tge ophow, + firesubsiSt ri de,

El |nt W dt hl‘oulr'ljldlnr;[g deeng Q}féct%g E:or?cjit?ci)rqa 1r(1jce%ém|é3’r?to(!>f rt())'vb‘vbt())yvi’ theB (;))(r)cl)cets?sl_ef t){ sint
- performed in Step 1403 is changed to refH[int + 1] < refV[row - ((offset - frac)

20 >>31)], assuming that in 32 bit arithmetic, right shift of “offset - frac” results in -1
when frac is larger than offset and results in 0 otherwise. Thus, the address
identifier “row - ((offset - frac) >> 31)” becomes “row + 1” when frac is larger
than offset and becomes “row” otherwise. If offset is set to rangelimit, “offset -
Jrac” will always be positive and thus no rounding will occur.

25 [0081]  The source code developed in the C++ programming language, which
implements the process shown in FIG. 14, is listed below. The source code is
modified from the TComPrediction::xPredIntraAng function found in the
TComPrediction.cpp file which is part of the TMuC 0.7 software developed by
JCT-VC, which is available at http://heve.kw.bbc.co.uk/svn/jctvc.al 24/tags/0.7.

30

// Function for deriving the simplified angular intra predictions
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Int deltalnt, deltaFract, refMinlndex; Int i
0; Int signAng= 0; Int bl kSize= iWdth; Bool
fal se; BowD 20debkan= fal se; Pel* pDst= rpDst;

prediction direction and angle if (ui D rMde

ntraPredAngl e= 0; Int absAng=
nodeDC= fal se; Bool nodeVer=
/1 Map thecmuseotifod®tst o mai n
== 0) nodeDC = true; else if

(ui DirMode < 18) nodeVer = true; el se nodeHor = true; 40
i nt raPr edAn%Sfi T%OHHQ%V :l[ n? : inc{Ih@rqgn -( 9 t:* I'EQ e'I_ptr ig cgjcr[:?dr N%gle‘ “r %51: : 0;
45absAng= a ?mtté@f@a@,c &glg%auglmé\rf%ighmprua edANGlE, S0l Basobe: sdei 50//

Set bitshifberand scale the angle paraneter to size2 Int i AngTabl e[ 9] =
{0,2,5,9,13, 17, 211 26, 32); 55absAng = i AngTabl e[ absAng]; intraPredAngle =
si gnAdg * absAhd~'60// Do the DC prediction
Int deltalInt, deltaFract, refMainIndex;
Int intraPredAngle = 0;
10
Int absAng = 0;
Int signAng = 0;
15 Int blkSize = iWidth;
Bool modeDC = false;
Bool modeVer = false;
20
Bool modeHor = false;
Pel* pDst = rpDst;
25
// Map the mode index to main prediction direction and angle
if (uiDirMode == 0)
30 modeDC = true;
else if (uiDirMode < 18)
modeVer = true;
35
else
modeHor = true;
40
intraPredAngle = modeVer ? uiDirMode - 9 : modeHor ? uiDirMode - 25 : 0;
absAng = abs (intrapredAngle) ;
45
signAng = intraPredAngle < 0 ? -1 : 1;
50 // Set bitshifts and scale the angle parameter to size2
Int iAngTable(%} ={ O, 2, 5, 9, 13, 17, 21, 26, 32};
absAng = iAngTable{absAng];
55
intraPredAngle = signAng * absAng;
60 // Do the DC prediction
if (modeDC) {
Pel dcval = predIntraGetPredValDC(pSrc, iSrcStride, iWidth, iHeight,
65 bAbove, blLeft);
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i f (nmodeDC) { Pel dcval = predlntraGetPredVal DC(pSrc,

i SrcStride, iWdth, iHeight, 65bAbove, bLeft); for (k=0; k<blkSi ze; k++) {
for (1=0;wekbicBiogapl++){ 5SpDst(k*i DstStride+l] = dcval ; PCO/US2611/0D®1ANGU] ar
predictions 15 else { Pel tnp; 20Int *pSrclL = pSrc _ isrcStride - 1; Int
i StepMain = (rmdeVer) ? 1 : 1SrcStride; 25if (intraPredAngle0){ for (k=0;
k<bl kSi ze; k++)£ : 1<bl kSl ze; 1++){ 30pDst [k*iDstStride+l] =

pSrcTL[ (1+1) * OrSf e8|\7a< }]Slzengi el se {

for (1=0;1<blkSize;1++){

5 pDst (k*iDstStride+l] = dcval;

10

// Do angular predictions

15
else {
Pel tmp;
20 Int *pSxrcTL = pSrc - iSrcStride - 1;
Int iStepMain = (modeVer) ? 1 : iSrcStride;
if (intraPredAngle == 0){
25
for (k=0;k<blkSize;k++) {
for (1=0;1<blkSize;1++){
30 pDst (k*iDstStride+l] = pSrcTL[(1+1) * iStepMain];
}
}
35
}
else {
40 Int iStepSide = (modeVer) ? iSrcStride 1;
int lastDeltalInt = -1;
Int iOffset = 32 + (intraPredAngle >> 1); // enables rounding to
45 nearest side reference
// Int iOffset = 32; // no rounding.
Pel ref [2*MAX CU SIZE]:
50
Pel* refMain = ref + ((intraPredAngle < 0) ? blkSize : 0);
if (intraPredAngle > 0) {
55 for (k = 0; k < 2*blkSize; k++)
refMain[k} = pSrcTL{(k+1l) * iStepMain];
}
60
else {
for (k = -1; k < blkSize; k++) // the rest are copied later in step
65 1403, as and when required
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40l nt i StepSide = (nodeVer) ? iSrcStride 1; int lastDeltalnt = -1; /1
Int iOfset = 32;// no rounding. 50Pel ref [2*MAX CU SIZE]; Pel* refMain =
ref + ((iworaRrwesngle < 0) ? blkSize : 0); if (intraPrediush@1m40){ 55for
(k = 0; k < 2*bl kSi ze; k++) refMain[k] = pSrcTL[(k+1)i StepMain]; 1 60 el se
{ for (k = -1; k < blkSize; k++)// the rest are copied later in step
651403, as and when ggquited s ref NRin[ Kl sz RaneTLI (k+1) * iStepMain]; 5 for
(k = 0; k < blkSi ze; k++? Int deltaPos = (k+1) *

i ntraPredAngl e; 110del talnt= deltaPos >> 5; deltaFract = deltaPos & (32 -
1); 1§if (deltalnt < lastDeltalnt) ( // step 1402

for (k = 0; k < blkSize; k++){
Int deltaPos = (kt1) * intraPredAngle;
10 deltalInt = deltaPos >> 5;

deltaFract = deltaPos & (32 - 1);

15 if (deltalnt < lastDeltaInt) { // step 1402
lastDeltaInt = deltalnt;
refMain[deltaInt] = pSrcTL[ (k- ((iOffset-deltaFract)>>31))*iStepSide];
// step 1403
20
}
25 // step 1404
if (deltaFract) {
// Do linear filtering
30
for (1=0;1<blkSize;1l++) {
refMainIndex = l+deltalnt;
35 pDst (k*iDstStride+1] = (Pel) ( ((32-deltaFract) *
refMain[refMainIndex] + deltaFract * refMain[refMainlndex+1l] + 16) >> 5 );
}
40 }
else {
// Just copy the integer samples
45
for (1=0;1<<blkSize;l++) {
pDst[k*iDstStride+l] = refMain([l+deltalnt];
50 }
}
}
55
}
// Flip the block if this is the horizontal mode
60 if (modeHor) {
for (k=0;k<blkSize-1;k++){
65 for (l=k+1;1<blkSize;l++){
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| astDel talnt = deltalnt; ref Mai n[del talnt] =

pSrcTL[ (k-((i O fset-deltaFract)>>31))*i StepSi de]; 20// step 1403 25// step
1404 i f (welzverossd) ( // Do linear filtering 30 for (1-@CTASRKSi0zd14++){
ref Mai nl ndex = | +deltalnt; 35pDst[k*iDstStride+l](Pel) ( ((32-deltaFract) *
ref Mai n[ ref Mai nl ndex] + deltaFract * refMin[refMinlndex+l1l] + 16) " 5 );
40} else ( 45// Just _c t, LNt . sanples for (1=0; 1<<bl kSi ze; 1++) (
pDst [ k*i Dst Stri de%?ﬁ :p%kgée/%kwgﬁﬁﬁﬁg%gﬂ’al nt]; 50 55 1 Il Flip
the block if this ipsst(Reithortrzaentliak srede «68ikfcr{amdeHor ) { for (k=0;

k<bl k§i ze-1; k++){ for (11:k+1; 1<bl kSi ze; 1++) { 65

pDst[1*iDstStride+k] = tmp;

}

10
}
}
15
[0082]  Whereas many alterations and modifications of the present invention
will no doubt become apparent to a person of ordinary skill in the art after having
read the foregoing description, it is to be understood that any particular
20 embodiment shown and described by way of illustration is in no way intended to

be considered limiting. Therefore, references to details of various embodiments
are not intended to limit the scope of the claims, which in themselves recite only

those features regarded as essential to the invention.
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tnp = pDst[k*i DstStride+l]; pDst (k*i Dst Stri de+l) =
pDst (1 *i Dst Stride+k]; 5pDst[l*iDstStride+k]tnp; 1 10 15 [0082] Wher eas nany
al terati owe 2arxhopsadi fi cati ons of the present invention WwCTIUS2@16ewdt becone
apparent to a person of ordinary skill in the art after having read the
foregoi ng description, it is to be understood that any particul ar 20

enbodi nent m§nd descri bed by way of illustration is in no way intended
to be consi imting. Therefore, references to details of various

enbodi rent s 131 ¢ AOkLBLANIES, bAoAt O ol bEraBlak gB odied 11

t hensel ves recite only t as essential to t
invention. bZhaArdessdr.ofA videeen@deowd ingplemeitod conpri si ng conput er

execut abl e steps executed by a processor of a video encoder to inplenent:
retrieving at | esdticupgat bastowaiett ong of apayragrofherizowat boundaipizely pi xel s

5and an arr%%d gf ﬁ%ér%%%%&gic?l%%%&%ﬁ%é‘l?-' S; adding the retrieved

pi xel § to t oundary pi xel 0extend the array thereof; and

perforning intraagdiagiled fedileRaseks ) Bk bR bbhﬁdﬁztp%@@% &ftéRythefarpundary
pi xels. 10 2. The nethod according to claim1, erein retrieving at | east

some of onetheteafhad ray of horizontal boundary pixels and an array of
vertical boundar i xel s.conpri,ses retrjeying at |eas one of vertical
boundary pi xel s, il)ﬁﬁﬂ”%‘&ﬁi“ﬁt@angwgmr“@fqua ?fieﬁ)\f‘bliyg)élltge F%tePa%F%}?We?gwa%’r y
pi xels to e?;)@gc_i the array thereof conprises 15adding the retrieved pixels
to the horizontal boundary pixels to extend the array thereof 3. The
nmet hd® according to claim?2, wherein retrieving at | east sone of verti cal
boundary pixels conprising i d(?nti fying the at |east, sone pixels anong the
2. The method according to claim 1, wherein retrieving at least some of one
of an array of horizontal boundary pixels and an array of vertical boundary pixels
comprises retrieving at least some of vertical boundary pixels, and adding the
retrieved pixels to the other boundary pixels to extend the array thereof comprises
15 adding the retrieved pixels to the horizontal boundary pixels to extend the array

thereof.

3. The method according to claim 2, wherein retrieving at least some of
vertical boundary pixels comprising identifying the at least some pixels among the
20 vertical boundary pixels, using a vertical pixel identifier which is expressed by

size x col
angle

where size represents a size of a target block to be predicted, angle represents a
prediction direction and co! is a counter which is decremented by 1 from -1 to
angle, and

25 adding the retrieved pixels to the horizontal boundary pixels comprises
adding a pixel identified by the vertical pixel identifier to the horizontal pixels at a

location identified by a horizontal pixel identifier [col].

4. The method according to claim 2, wherein retrieving at least some of
30 vertical boundary pixels comprising:

calculating /nvAngle from
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20vertical boundary pixels, using a vertical pixel identifier which is
expressed by r size x col | angle where size represents a size of a target
bl ock to we 2pradpswed, angl e represents a prediction di PeTitSenm1andi€o/ is a
counter which is decrenented by 1 from-1 to angle, and 25addi ng the
retrieved pixels to the horizontal boundary pixels conprises adding a pixel
identified by the vertical pixel iden 'fier to the horizontal pixels at a

| ocation identified by a horizontal pi dentifier [col]. 4. The nethod
according to claim2, wherein retrievimglat’ | east sone of 30verti cal
boundary pixels conprising: calculating InvAngle from N x size angle where
si ze repr es@ete gzasicpecsonts @ su@rtgfextatgebglockéo be ppadeciedtamng/e wpigsents@pr esent s
a prediction rectij.on .and n and identifying the

t
at | east soﬁﬁg%FQQﬁtﬁﬁﬂﬁﬂén@ﬁh3983?$§?ﬁgﬁgﬁﬁggﬁ§n%|ers 5using a vertica
pi xel identifier;yti¢finy heCHNERS SGHe Birke[sczﬁﬁoﬁ% ﬂh@%ﬂ%a?b&ﬁnda?’}gégge}ﬂ , Wwhere

co/is a counter which IS decrenented by 1 from-1 to angle

addi ng the usmglaewembaﬂ)pmll slenafithehlvhris zomesded by [nolax ympirgtd 5> degypV], ses
addi ng a pi x identified by the vertical pixel identifier to the

hor i zont al %@éﬁ%@ 123 2 oYy hish 15 e%qx?mﬁnf@e%ﬁyl Fomatl it gHe4) argﬁ xel identifier

ool 110 5. The ABREBAC BEGRNGAG, Lol al BIRGH BN LG, 2t | east

sonme of verti caI ry pixel's conprisin i ni ng from

a | ook-up ta@dhﬁg\a’fpn@él illérsifed\byl the seical pmélnlgb@uﬁa t6 ehealhdrfdntad é)‘()@dl:ﬂ@tsa of
angl e, where angle represents a prediction direction; and 15identifying the

at | east sofrcappnédentifing by athiélz’@é?aﬂ pixgl 1dsatifieralicg/lpi xel s, using a verti cal
pi xel,  dentifier which is expressed by [col Xx InvAngle], where col is a
countgr which is decrenented by 1 from-1 to angle, and

5. The method according to claim 2, wherein retrieving at least some of
vertical boundary pixels comprising:

obtaining /nvAngle from a look-up table which lists values of Inv4ngle in
relation to values of angle, where angle represents a prediction direction; and

15 identifying the at least some pixels among the vertical boundary pixels,

using a vertical pixel identifier which is expressed by [col x InvAngle], where col
1s a counter which is decremented by 1 from -1 to angle, and

adding the retrieved pixels to the horizontal boundary pixels comprises
adding a pixel identified by the vertical pixel identifier to the horizontal pixels at a

20 location identified by a horizontal pixel identifier [col].

6. The method according to claim 2, wherein retrieving at least some of
vertical boundary pixels comprising identifying a pixel among the vertical
boundary pixels, using a vertical pixel identifier [row], where row is a counter
25 which is incremented by 1 from 0 to size, and size represents a size of a target
block to be predicted, and
adding the retrieved pixels to the horizontal boundary pixels comprises
adding a pixel identified by the vertical pixel identifier to the horizontal pixels at a
location identified by a horizontal pixel identifier which is expressed by [inf + 1],
30 where int is an integer representation of a position of a pixel intersecting with a

prediction direction.
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adding the retrieved pixels to the horizontal boundary pixels conprises
adding a pixel identified by the vertical pixel identifier to the

hori zont avopbiealogs4at a 20l ocation identified by a hori zeoctraiS2qitsoeo14
identifier [col]. 6. The method according to claim2, wherein retrieving
at | east sone of vertical boundary pixels conprising identifying a pixel
anong the vertical boundary pixels, using a vertical pixel identifier
[row], where rowis a counter 25which is increnented by 1 fromO to size,

and size represents: LZe: r redi gt

addi ng t he rgét ri gvzlgg%?%(ﬁis"?é g}%ﬁ@ %@?ﬁr%%%&@‘ggﬁe ar gﬂlﬁfexsz S e%ggnlf}re (lises
addi ng a pi ¥ela prdessborf dfedvidyo b deetd ingaémpntxel identifier to the

hori zontal pixels at a location identified by a horizontal pixel identifier
whi ch is expressé&iripyingjahieast spme @ovger anjantayiod hanzpmeklmmdeasppigsient at i on
of a gosition of a ﬁifel jnfgrs%ptin? with a prediction direction. WO
2012/ 09540%?@%’58 DF BHRGHALOURAK R %18’0 decodi ng net hod conpri si ng

conput er execut aQh@ing EPEnSXRAYILds RYthe ML EBaS®ry ?)ﬁxefns M degndigeaday to
i npl enent : retrieving at | east sonme of one of an array’ of

hori zont al bowewaayd pi xel s 5and an array of vertical boundary pixels;
adding the retrieved pixels to the qthe oundary pixels to extend the
array thereof; aﬁﬁref%?%rlﬂtir?'lBreidiﬁt‘rog%ﬁﬁ%‘{ﬁcg?lb’é’i‘? tB%l%‘Gng‘?ﬂs%‘]r%b’ %ﬁbqqﬁ’ga’é’xt ended
array of boggg?;y pi xels. 10 8. The nethod according to claim7, wherein
retrieving at least sone of one of an array of horizontal boundary pixels
and di® array of vertical boundary pixels conprises retrieving at |east sone
of vertical boundary pixels, and addi ng the retrieved pixels to the other
boundary pi Rel s theacthediagopedipg faglaimdy eberedvrati¢yes ankasidomy afipae
retrieved pi .hor i [ Lxel s-to.extend.the.array
thereof - 60 Ehmheeh B ABRYFEMRGy PRI aP iR P LI RPN R P s
some of ver bb@ﬁfis@q@ﬁctazmg 1%k Sorae BPRésichidbdudanty fixé1sarddRidatg fheast sone
pi xel s anong the 20vertical boundary pixels, using a vertical Tpixel
i dentifier wirieved gixelgpe dwsetbenyoundaryepixels td extemdhtlesurray thereof comprises

15 adding the retrieved pixels to the horizontal boundary pixels to extend the array

thereof.

9. The method according to claim 8, wherein retrieving at least some of
vertical boundary pixels comprising identifying the at least some pixels among the
20 vertical boundary pixels, using a vertical pixel identifier which is expressed by

size x col
angle

where size represents a size of a target block to be predicted, angle represents a
prediction direction and col is a counter which is decremented by 1 from -1 to
angle, and

25 adding the retrieved pixels to the horizontal boundary pixels comprises
adding a pixel identified by the vertical pixel identifier to the horizontal pixels at a

location identified by a horizontal pixel identifier [co/].

10.  The method according to claim 2, wherein retrieving at least some of
30 vertical boundary pixels comprising:

calculating InvAngle from
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where size represents a size of a target block to be predicted, angle
represents a prediction direction and col is a counter which is decrenented
by 1 fromvolot2oogdagl e, and 25adding the retrieved pi xel Crastha/ohminsd zont al
boundary pixels conprises adding a pixel identified by the vertical pixel
identifier to the horizontal pixels at a location identified by a

hori zontal pixel identifier [col]. 10, The nmethod according to claim 2,
wherein retrieving at | east sone of 300ebiEq cal boundary pi xel s conpri si ng:
calculating InvAngle from N x size angtge where size represents a size of a
target block to be predicted, angle represents a prediction direction and N
is an int egmhermvmrepfeszntsamdzq Qfelrtargeyg}vgktt@be atedi@a@ta@mpmw@lsg anong

the vertical i xel Susi.ng a verti er identifier which is
expr essed 39:[«%;)5{ ?%Eﬂﬁfviw S gz;\ﬁow ﬁe;&) 15 3 counter wnich 13
ecrenment ed by ) thelat 308t Som@BHiel ivag efd pixels to
the hori zont al bé)undg%}épl xel s corrrgr sgsS %%%n%@ a pfxeﬁogﬁaﬁ}%ﬁ% ed by the
verti 6al pi xshgiadentddal pedel identifier Whrchzoax;a’ess[adml golat IrvAngtaty bog,iMent i fi ed

by a horizontal pixel identifjer [col] 11, The nmet hod according to
claim 8, mevﬁ)ér%cqlé% aF@Wﬁrgwatchu%a%qre@sﬂf@d@w Iisemi-d4p angiened y pi xel s

COMPIISTNG g PATHE I LYONAL & £ 302080k HREARL 8o WAL L ot

val ues of on 1o v ues o represents a
predi ction didiaghimtel idadifitditgant lv‘e]yicagplkbleldaﬁuﬂi&a@tthesm&om \,\/}?ﬁ’&lmg t he
vertical boundary pixels, using a vertical PIX6| identifier ichis
expressed bjocrbel identifiedbyladiorizaniel pixebidentifier [ealint er which is decrement ed
by 1 bron1 1 to angle, and adding the retrieved pixels to the
horiﬂ ntal boundary pixels conprises adding a pixel identified by the
vertical pixel idetidih&d ad@rdife i@k 8N{vBkrel f%%lévnﬁ’% alalegglseﬁﬁtdfon
identified by a horizontal pixel identifier [c 2. The net hod

accordi ng t@emka]hnﬁ@amn@xdsmonQWmugw|ng at Ieast some of vertical boundary

i xel i Si denti f I rtical ndar eI
o oo ar bR bt P s b e S b o SR ARl e
i ncr ement ed hyidh {ormé; i3l WiheAl Wil FreRRIsES50bR in Hré&idR, aftat aF g6t

15 identifying the at least some pixels among the vertical boundary pixels,

using a vertical pixel identifier which is expressed by [col x InvAngle], where col
is a counter which is decremented by 1 from -1 to angle, and

adding the retrieved pixels to the horizontal boundary pixels comprises
adding a pixel identified by the vertical pixel identifier to the horizontal pixels at a

20 location identified by a horizontal pixel identifier [col].

12.  The method according to claim 8, wherein retrieving at least some of
vertical boundary pixels comprising identifying a pixel among the vertical
boundary pixels, using a vertical pixel identifier [row], where row is a counter
25 which is incremented by 1 from 0 to size, and size represents a size of a target
block to be predicted, and
adding the retrieved pixels to the horizontal boundary pixels comprises
adding a pixel identified by the vertical pixel identifier to the horizontal pixels at a
location identified by a horizontal pixel identifier which is expressed by [int + 1],
30 where int is an integer representation of a position of a pixel intersecting with a

prediction direction.
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bl ock to be predicted, and adding the retrieved pixels to the

hori zontal boundary pixels conprises adding a pixel identified by the
vertical wDxel2/dogantifier to the horizontal pixels at aprCoastélomnddodentified
by a horizontal pixel identifier which is expressed by [int + 1], 30where
int is an integer representation of a position of a pixel intersecting with
a prediction direction. WD 2012/ 009540PCT/ US2011/ 044014 13. A video
encoder conprising a processor of a conputer systemand a nenory that

stores pr ogli?ms gx\%?g(g @Qéoﬂep)foﬁlﬁﬁ%igé ?%g%feg%ortoq:a computer. s sﬁem £rﬁitd;5 | eve at

| east sonme of one of an array o boundary pixel's and 5an array

of verti cal mepioidatia stﬁr&gﬂ)@grams execBdbld hethe g sdegydopi xel s to the ot her
boundary pixels to extend the array thereof; and performintra prediction
based sol el y on tdidcexatdpastsome phpnopf soameapihgizeata boundary pixeds gidieo

decoder conprising.a processar of. a conputer systemand a nenory that
stores prog %ﬁgﬁ%ﬁ@gﬂ%ﬁ%ﬁgﬂﬁ@wpngx Pocessor to: retrieve at | east

some of one of apd@fHea¥irRivedPiIORIAL olRHBIGdarPhXRIsSIoRRENANNARHRY Of
vertical boundary pixels; 15add the retrieved piXxels to the other” boundary

pi xel s to estteeerd; ¢tk array thereof; and performintra prediction based
solely on the ex%grr}gr%j inz%rrarlgi edi%{iortl) %gge aerYel)Ff) ioé(taklxe:se'zx'ceztr(1)ded array of boundary
pixels.
10
14. A video decoder comprising a processor of a computer system and a
memory that stores programs executable by the processor to:
retrieve at least some of one of an array of horizontal boundary pixels and
an array of vertical boundary pixels;
15 add the retrieved pixels to the other boundary pixels to extend the array
thereof; and

perform intra prediction based solely on the extended array of boundary

pixels.

20
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