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(57) Abregé/Abstract:

A method for decoding a stream of encoded video data Is disclosed. The video stream Includes partitions that have been
compressed using lossless encoding. Each partition includes rows that have also been encoded using intra-frame or inter-frame
encoding, for example. During the decoding process, two or more of the partitions are entropy decoded on two or more processors
In parallel, except that partitions containing adjacent rows in the frame are decoded with an offset so that at least a portion of the
output of the entropy decoding of one partition can be used as input in the entropy and intra/inter-frame decoding of the other.

<o
SoTEEN S /7

e

' A

3 '_{,-.Tl'.
o~

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




woO 2010/030752 A3 |{WIL 0 RA 00 N A0 AU R0 ORER AR

CA 02736888 2011-03-10

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
18 March 2010 (18.03.2010)

(10) International Publication Number

WO 2010/030752 A3

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

(74)

International Patent Classification:
HO4N 7/24 (2006.01)

International Application Number:
PCT/US2009/056473

International Filing Date:
10 September 2009 (10.09.2009)

Filing Language: English
Publication Language: English
Priority Data:

61/096,223 11 September 2008 (11.09.2008) US
12/329,248 5 December 2008 (05.12.2008) US

Applicant (for all designated States except US). ON2

TECHNOLOGIES, INC. [US/US]; 3 Corporate Drive,
Suite 100, Clifton Park, New York 12065 (US).

Inventors; and

Inventors/Applicants (for US only): XU, Yaowu
[CN/US]; ¢/o On2 Technologies, Inc., 3 Corporate Drive,
Suite 100, Clifton Park, New York 12065 (US).
WILKINS, Paul [GB/US]; ¢/o On2 Technologies, Inc., 3
Corporate Drive, Suite 100, Clifton Park, New York
12065 (US). BANKOSKI, James [US/US]; c¢/o On2
Technologies, Inc., 3 Corporate Drive, Suite 100, Clifton
Park, New York 12065 (US).

Agents: BASILE, JR., Andrew, R. ¢t al.; Young Basile
Hanlon & Mactarlane, PC, 3001 West Big Beaver Rd.,
Suite 624, Troy, MI 48084 (US).

(81)

(84)

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

(83)

with international search report (Art. 21(3))

before the expiration of the time limit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

Date of publication of the international search report:
14 May 2010

(34) Title: SYSTEM AND METHOD FOR DECODING USING PARALLEL PROCESSING

46 45j' 0358 52
L‘ CORE/PROCESSOR1| | 0 | 1 i lix 2 ‘J
48 Qﬁﬂ 54
N COREPROCESSOR?2| [0 [ 1 i [ 2 </
50 56
k" CORE/PROCESSOR3| | 0 | 1 i |+ 2 4J
TIME =11
FIG. 6A

(57) Abstract: A method for decoding a stream of encoded video data 1s disclosed. The video stream includes partitions that have
been compressed using lossless encoding. Each partition includes rows that have also been encoded using intra-frame or mter-
frame encoding, for example. During the decoding process, two or more of the partitions are entropy decoded on two or more pro-
cessors 1n parallel, except that partitions containing adjacent rows in the frame are decoded with an otfset so that at least a portion
of the output of the entropy decoding of one partition can be used as mput in the entropy and intra/inter-frame decoding of the

other.
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by deguantizalion stage 28 and inverse fonsfornmo ng the coafficients by invers ¢ transfornt
atage 30 to produce a devivative residual macrablock (derivative vesidual). At the

reconstruction atage 32, the pradictiontmacroblock can be added to the derivative residual to

create a reconstructed macroblock, A loo p filter 34 can be applied 1o tho reconstracted

nacy u‘himk to reduece dis i‘e;nt;on

FHEIES Relerring to FIG. 3, in accordance with one smbodiment, to decode

: K"} l}l‘l}"y‘f: ‘*{:ii § ngtﬁ(ktll ‘\.}3 d :i \.-”{ Li

Y

¢ 21, sinnlar to the reconstraction path of encoder 1
discussed pravioaly e siforms the followd 1 Bmctions (o prodhuce an output video stream 35

N

entropy decoding \.,‘s,ti’*éér;fqz antization 27, nverss

«..’.‘3

v ey oy o0 b Pt " 't R S RSRT BNt SO T}
ranstoty tﬂh(‘:—: oINS UCT DICQUICTIAT &,

reconstruction 31, loop filter 34 and

i deblocki

=t
/’ﬁ

v filtering 33, Other structural vaviations of

"-"..r':E-'s'.qi' \r\\.‘: N4 &.' ATy Ny
decoder 21 s be used o decords ol '-s}at‘ wed bnixdraain 26,

FHEZ S When compressed bitstream 26 s presented for decoding, the duta slementa

zan be decoded by endropy decoding siage 235 o produce a set of quantized cosfficions,

'.l
o

N LA 4,_.“,.&' . ;_.._ " SRS . S ‘. a2 & I SRR, -,_:-:nH -
Ueguantization stags 27 dequantizes amnd tiverse neinrm stage 2% fnverse transfornis the

A

ERYLY ‘v P ' ..r.‘ . '.;.' .u-.." o
coetiicients 1o produce a derivative

e

u‘xidﬂ&? fhat 18 ziuin 2al & E%i 4 nrentod by e

recotsituction sage v encodar 14 U sing the type of prediction mode andfor ity stlon vestar

"

)
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r'ho e 't: ! ! i

wmfovmation decaded frov the compressed bitstrean 26, af tnbrafin ey yeedionion stase 13,

-

‘.

.o -

decoder 21 createn the sante prediction macroblock ag was created i encoder 14 At the

reconsiraction stage 33, the prodiciion mscrohiock can be added to the dertvative residual o

create a reconstnucied ywacoblock. The loop filier 34 can be apptied to the reconstracted

macreblock to reduce blogd ..ug vilacis, A ws;i-af-:;i:m ok H flter 33 can be upp jod o video mmags

i Syt i gy B g gred e sk At o . 3 il e S SN ST S 37 S R CRU U 5. ST
PYSEYERS W T thar re iﬂ\at w%("\ ;\‘U ‘h‘ﬁf@*i?@}l a}asi E W OTESLLL Can g i_:*?.l3.}_)131-}.(:.._{..::. (G OUERR ‘;"i{{i\‘?

[
Lk J

TR Curvent contoxt-based entropy coding wethods, such as Contexi-based

&wapuvx Arithuoetic € 03;3 i\(‘ ABALCY, mre linie A} by de .,amlmu.;‘;@x that **‘anicﬁ;i spatial

toeality by requiring macroblocks tooveforence neghboning macroblocks and that oxploit
temporal localities by requining macroblocks to reference vascroblocks from snother fams,
Becaune of these depon dencies angd the ads sipot w;i. Cencoder 14 codes the bitsiresun in a
sugtfﬂmi Ovider using oordext ata from ne i’ﬁ IR DA toblocks. Such ae GUeH el
dependency created by encoder 14 crusss the comgnressed bitatream 26 to be decoded fu a

sequential fashion by decoder 21,

‘/}

Such sequentmd decoding can be adeguate when decoding
wsing a single-core processoy. On the other hand, W a mu fti-cote processor ora tudtes
processor system 16 used during decoding, the > computing power of the multi-core processor
o {hes zﬁul'i‘iﬁv;};’@m ssov systeim would not be effectively utilized,

JHMEZR] Although the disclosure hag and will continmie to deseribe embadiments of the

¥ stasent nrventon with reforence to & nwali-core processor and the oreation of theeads on the

muiti-core processor, embodiments of the © {i regent invention can alsa be imiplernented with

other suiiable compuier systems, such as a device conbiining vedtiple procagsors

j{ﬁ@@i?i Aveording o one embodinent, encodar 14 divides the compressed hitstieant

e

nie pactitions 36 rather than 2 stagle stream of serialized data. With reference to FIfh 4 and

by way of exampie only, the con nprassed | bitsiream can he divided mfo & R partions, which

e

are ififi??ﬁi‘i%;‘;;i}a?;{'xzf@i as Data Partttions -4, Glher numbers of partiions are alse suitabde. &

'.)I {f'!.

cach parbition can be the subject ot 4 separale e wimgr DEOCESH Whsn they are decoded by
decoder 21, the serialized d pr*‘*a eney pan be broken wp i the ompressed data without

lsiig voding i"ii::hl”‘l(.a

T,
'ﬂ-’
-,

R Reforrmng 1o FIG 4, frame 17 i3 shown with divided macroblock vows 38,

Wacrobhlonk rows 38 constst of mnd kl*'ad dat macroblocks 28, Ulonlimune wa

-
<

g with the example,
ST W 3y C3NE g A h y PN A N - }T PN Ay N N £ R ' o 2 _— T P cn W e
RVETY NE}I FUHOTR L}h}&f}‘a; TOOW 0 i"i can i“' i IOL} \»ii iy U.x.‘ ING- O [J“i t?i 2 3 FR f} {‘W’ t’it Sy e z\f RN {-h IO
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aumber of partions). In (s example, thers are four e %:ﬁi.t_éi:g:‘:;t;s; and _::ia“:ia._c::;z;.‘i’-_js?%iii10; ck rows 4, 4, §,

{2, elo, are growpad wio pavtition 1. Macroblock rows 1, 3, 9 and 13, ete. ave grouped into
partition 2. Macroblock rows 2, 6, 10, 14, ete. are group: ad o partition 3. Macrobloek rows

307, H, 1S, ot ave gyouped inta partition 4. As a resalt, each pa rtition 36 inobades

&
i E 1\ N i}l“ e 'h'.?' $a i FODE AN T P \1 AN Y ‘ o *\ £ i O Y § .s .
UL E:f&.i‘ S A {\.}1:‘ Oy, TALLL XER REREE ,t}-;ibxtcéai 1N, §--<7§.ﬁ*f,3:1.;i‘}.ﬁ-& 8.4 i:\}l: \_;}l-} LR P by f.';\_‘ ! i}nie J i) i.ﬂ 0 T 10 i.ltﬂi')
i Ve A _) T.'--.-, lu- : | X Sy |. N a,*'l"' Al W
ki I‘k\ af.!h U\zﬂ\ TOWS J'& 3N OIS W n‘i;\” Vgt ’Efik\* N YUIRS “3 \.\"'f 34 i\“) ii} ?h\» 4([\- \.vi p AV “il@i} uil(*

t
l#

raeroblock rrws in the secomd partition can be derived from fwo ,ui acent macrablock rows
v a frame. Other grouping mechanisros are also available and are not limited o ceparaling
regions by macroblock vow or grouging every Wik sacroblock vow mits g parttiion.

L8

Prepending on the grouping mecharusm, i another exaraple, mecrabiock rows that are

.d

contiiguons may slse he grouped it the same pariiion 30,

J -

JRREERAE: Atvalternative gy ms;nm mechanism may nelude, for sxawple, grouping a yow

ot blocks fom a st frame and g covessponding row of Mocls i a second frane. The row

oF .

o bioeks from the fisst frame can be packed m the firsd parbition and the corresponding row
of blocks in the sscond frivne can be packed in the secomnst t},“utifmn A st processor can

decode the row of blocks fvm the ficst frame and a second processor can decode the vosy of

blocks from the second frame. In this manner, the decoder can decods at Teast one block in

THOCASEUT,

G321 Bach of the pariitions 36 cat he compressed using twa separate encoding

schwmss. The Hrst encoding schicme can be lessless encoding using, for example, rontext-

tased arithimetic coding ke CABAC, Other lossless enc zshnﬂi chinigques may also be used,

... i

Raofs srrmg back to FIGL 1, the St encod g SChEDie may be realived | m/, tor example, entropy

~

CITGL imw \E G354 7”

ich can fake place

ﬂﬁﬁr
F- d
Pt m
/v

A3 Still reforving to FIG 1, the second encoding scheme, wi
badore the fivst encoding scheme, may be vealized by at least one of infrafnter prediction

AR CW e TR e o "'1..{;\-' D R Tt Nt e -} -n 2 . % <%y ‘ RTINS BV ‘\“‘i-t;a NN g .
stage 18, ransiorm stage 14 an d piantization 22, The second encoding scheme can sncode

\

bloeks w ench of the partitions 36 by using mivroation contained in other partitions. For

5, the sscoml encoding scheme can encads

o

ﬁar.f

exaraple, i a frame ig divided bifo tweo partitios

e second partition asing mformation confaingd in the macroblock rowa of the first partiiion.

=
E@@ﬁﬁﬁ*ﬁ F‘i k"‘f@l Himf-.JF 3{: "‘\51 2R S nw*: .-.m\ G: ' f YRS ,}Q f{‘ DN 1 £ ‘H“E 553 ;3\',,3; d E 1i\ TR *fs
i showst, For simphicity, ouly parts of (e hiistreasn that are poriines o ennbodimenis of the
3
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] P R A Ny G P\ A e iy ae v: o g o M RTT R SV N * oy .'-\’n:{."
m: *mts(\n are sh AT %" e t&'d \*”I QA frame 3% o onlams a v akﬁﬁig FERSRRSIS i}.—k_;.»fi,{i&?. SRS \-3'-,}1_1.&.-.;-1

cach pretition 42, Huooded

o
"l
-
X

A

e we Brae an bt Bwin ey it a4y B, i A 4 i b Raados Fner an B desand M A
cordming bits for a munber of pariitions 40 and bids By ofiveis ¢

Wb

video frame 39 also includes the sncoded dats fom daty trarhy Hisrs 36 usirated as T A

where, as discissed previowsly, N is the totad wmumber of partitions tv video frame 17,
L O vy - e - \ .'::' _‘\“ . ik i \‘ - {':;L\':;._;...\ '}(T; .
§i?i’§i§§rx§ Omes encoder 14 has divided frame 17 o parhitions 36, cnoodsy P4 ovriies

3rs { ¥ u\* MRS P “\"' N w f %R A A ea T ey N
data s vidso i RERELS Alv..ﬁ Y M~ o mndsa mmber of 03131\“@- 15 R --;ik;l.a..i. Giiseis of ssch

partition 42, Numbey of partitions 40 and offssty of cach partition 42 can be reprasentad w

frarae V7 Moy s bil, a h},{ or any other sord that oa a:ia SRR S ‘64 1o information to decndes

,r.ﬁn:.

%1

Uecoder 21 reasds the vomber of datn partitions 44 Hrom video frame beader 4d i ovder to

o 1
} }

“ . \ .
.Lt! .

b

f'""

decode the comprassed data. Inone a\am;siw. twe ity may bo used jo represent the number of

d- -"i

sartitions, One or more bits oan be used tr bdicate the number of data ;mmi,m s {ov partition

count), Other omng, sehernes van alss be vsed to cods the numtber of partitions into the

"'11

bitsirean, The following iiﬁt:iiﬁtdi ates how twia bits can represent the number of partitions

BIT § BTG POUBBER 00F PARTITIONS

. "‘ vTwvevwvewvwvwewew . wWewwvweewvewwwvwewypy T TR R TRTARATR TR TARATARTARATRTARATRATARATARATRATARATARATARATRTARATARATARATARATARATRATE TN TR TR YR e .

36
.. i {} 0 One partition
@33 @33 i {} § Two part oS

E ] O Four partifions
RIS i { Hight partitions
L ¥ the number of data partitions is greater than one, decoder 21 also needs

.

inforimation about the ~‘:~0,$1m,‘>11 - of the data pantitions 36 within the GIHIIPTEsSE i bitsiream 28,

The offsets of sach partifion 42 {also referred 10 as partition location offseds) enable divect

aceoss 1o each partition during decoding.

FHHERNS I one exampie, affset of each parition 42 can ba relative to the beg ;s Wi él ot
e bitstream and can be encoded and wrtiten o the bifsiream 26, In another example, the
affset fov cach data ‘:E?-Eﬁ‘i:it_im‘;z sart be encoded and written info the bitsiresny except tor the first

A
{. }'

partition sinee the first pariition fmphicitly 3 be ging # i b distrsant 26 after the offsets of eash

h

N oy
s

artition 42, The fox 3";0!21':5: 18 SRS h» SRR stavy, Giher sailahie dats struchures, Hags o
I 3

,.; i i . P T T e e T T,

records such words and byles, can be used fo hansnit partition cowt and partition location

ofthet nfonmation.

FHEUNRY Although the number of data pavittions can be the samw for gach frame 17

throughowt the pul video sequance 16, the naw rher of data partiiions may also differ from

I
‘4‘
-’J

()

TEHIRe G RN, A c\:rmim@ i\.*; sach frame d

A Y]

£ woudd have a ditforent wawaber of partitions 44,
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ther of bits that are used o represent e number of parttions nway alse dilfer fom

>y
.
%-Fl’
e
R
st
¥md
. 'ﬂj "
e
e
r.ﬁr‘
.r.r.l'

+1

B \\» Ny o 4 -Pq.:., ey .‘- S0 SR, LS :\ ; " ALY, g i FLP LR .s-:? O } v -,-.,:' }- ‘.' R e.-".*. AN Y R B AT e sy 't
fratie 1o Dame. Accordmgly, cach e 17 condd e divided o varning manbors of

FELE S Lhace The gala Bas doen Compraess ot tnto hitstream 36 with the prage pariiion
fata mfornation Qe mumber of partitons 40 and affsets of partitions 423, deoadne 21 van

i, """ x by 37 4 - 25N . --»-""‘-i“ ¥ s q‘ 2 g |

LIS )i-.{\*{: h{.‘ \iril }.’31 's‘.liiUIl %u Oy # liﬁdi?‘(zf AT E"i(‘?ktbi\‘ 3% 111 E‘} VY iiil‘fi... iy '{hh hiitfit" fdi‘.‘:}}

DEGCOSROYT Qe ay be responstbis for decoding one of the data partiions 36, Since mali-

CONE Processors typio ﬁiw‘i%}-:sz‘i.3{311()-..1'7&%3- than owe processing core and shared memory SPRCS , ihe

workioad edn be allocated between sach cnre as eveni Va8 pawbiw- Zach core can dss the

Fg
%

shared memory space as an sfficient way of sharing data between each core decoding each
daia pariition 36,

LEHIR R For exsople, if there ave two provesaors decoding two partiticaw, respestively,

: -r-

S

thl . “

this first PIOCOSSoy will he m du O g, e Tiest pamition, The seco nd PTOCESS0r ¢ty then

decode macroblocks of e second mhiimt snd canage nfonration recetved from the first

processor, whuch bas begon decoding macroblocks of the first partition. Concurrently with

3 - -

the second processor, ihe first processor can continue decoding macroblocks of the st
pa;tmu cand can use nformaation received fromt the second processor. Accordingly, both the

first and second processors van have the nformation nee esaa:fyitc)- 5 3’.'5621}‘-.‘7@1’1}’ decode

gmmmg Farthermore, asdiscussad i more detail below, when decoding a wacroblock

tow of the second parlil ton that s dependet on the fast partiiion, a nacroblock that
currently being processed w the second partition s offsel by 4 :r;j:}‘r}@r;:ifi ed wwmber of

macrablocks, Tn this muomer, at least a portion of the ooty of the aimnahuﬁ of the fest

partition can be used as input in the decoding of the macroblock that Is currently being

1

DO seasad i the sece WP rartiTon, 1 ke Wise, whm gegod 131.3‘*1 ACTOH ..“i\ W O

T-'

s B AN
tht.- i!i " {

partttion that iz depenclent on the secovd partition, 3 macroblock that 1 currenity belng

progessed i the first partition s offset by a ..‘gzﬁi‘{"iﬁi 3 nunder of naovablocks so that ar least »

pariion of the ol pasi-of’"i‘.ﬁ.%".;;:f:;*{*'is.-;..ﬁts;'dzi S of the seomed parbition can by ugest as az; vaf i the
drecoding of the macrobiock that v cwvently being processed 1 the first pariition.

JEHET Whan decoding the compressed bitsivestn, decoder 21 detenaines the mumber
of threads needed to decode the dala, which can Bie based on the wunber of pz‘n fiony :"’?;;Ei} EEr

aach sncoded frame 39, For example, i munber of partitions 40 imdicates that th
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A AN SNy -] -\V;-: I'<' LN NSO '\}f “.\ it v e ae a3 e} N 1 :
vartitions i sncoded franwe 39, 4 deonder 21 orantes four thresds with sach thread decod

..-L

"";

‘.’l

l.lt,

‘.-v-‘.
RN

u..,

RTINS 3y RANPRTN- MR NI, MK ST LI - RN RPN NN, REME- Bk 3 . i TN A ' . o P e I
ovie of the data partihons. Refesring b FEI 4, as s example, decoder 21 can detemmune that

four slata partiiions have baen crestnd, Hene &, ifdecoder 31 s 1;;;3@1..@; ’El{.x{ OTQ PrOCEsRnT,

can create o separats threads to decode the date o that specific frame.
i@@we‘z As-disousssd previcusly, muacroblocks 20 within each frams use context data

”,.

swhen being evwoded L When dee oding wacroblocks 20, e

VY oy

sarraornbiioe

J

;:f‘éiet:(}dmf-'isé.;'ffi._ifi, neod the sante context dit 1o order o decode the ymacroblocks properiy, Un the

decoder sude, the comaxt data can be available only after the naghboring wacroblocks have
already been decoded by the cwrrsnt thread or other throads. In order t decode properly, the

n,

decodar wmehudes a Sty uw and S\»I& hmm' tion mechanisyt for wang 24 1‘*’“‘ k} ther ddascor ‘51&_ oof e

.r

muaiige thy ands,

R With refevenee to FIGS. 6A and 8B, a time (hd‘lhdﬂt shows the staging and

L Y

'31}’--11@311-"@33:3‘ié‘:ﬁ-iii0’13. qochanism fo decode partiiions 36 on Uwreads of & madi-oore processor i

.ax:::,nfqiﬁ ary ';j-a;riixaﬁi DAL ﬁ“ﬁzm:lgie 45 at various stages of the decoding process, The -6?{1‘:13’,‘11"_{31:?‘ I8

stnplified for purposes of this disclosare aind the namber of partitions 36 s Hmited {o thrae.
Each partition 36 can be assigned (0 one of the thiwe threads 46, 48 and S0 As discussed
praviously, sach t.zmuiml 36 includes contiguons magrobloels

NS0 As depieted in FIGS, 64 and 68, as an sxample, thres threads 46, 48 and 50

are shown, and sach of treads 46, 48 and 50 ars capable of performing decoding in paraliel
with each other. Each of the three threads 406, 48 and 50 processes one partition i a seral
sranner while all threo partitions 40 are provessed paratie] with sach other,

;aﬁaﬂﬁ\si Vach of FIOS, 64 and 6B contain an arrow that ithusirates which macroblock
iz cwrently being decaded in edch nmeroblock row, whick macrstdocks have been decoded

in sach macroblock row, and which macroblocks have vet to be decoded i cach maeyoblock

row. I the sirow 15 pointing o a speotd Fie raactoblock, that macroblock is curvently being

'--d

decudad ‘zm-:n\md*hd toy this feft of the arrow GF any) has already been decoded 1 thag

TOW, ANY DA s d o the i 2 st of the merow has jgf”(i-‘ii o be decoded, Adthoust SEAH 1

macroblocks lnstrated in FIO8, 64 and 6B all have stmdlar sizes . ihv Iu‘asnh»\sﬂl_\ i

hr-'
lf"""
Dte?
w -
(4§

disclosure are not Hmited in this vespact. Other Blook s sizes, a¢ disctmsed previowsly, can also
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B33 Reforring to FIG, A, at time ], thread 46 hay initiged decodiy ool a fingt

B

macrablock row 32, ’i‘.‘fﬁ:‘u'e-;zis;l L6 1 purrenily processing macrobleck pin first macreblock row

v, N .

53 ay shown by arvow 3R Macroblocks O & j+1 bave already been decoded 1 fst

. . s e \3 - \ ﬁ

siseroblock row S Macroblooks 341 to fhe end of St macroblock row 52 have vidt to bo

P B ] " .;Z:-‘ :,“‘ e o N ’Es‘ T j"“",‘__,.-\.s:-i . -.\‘ . cy \t ::: e oo s <
Efls.:.‘,k;&_?;.ii.»_i.l Lid in vai C JTRRCTO .t.t}m--& TOW O 1,3.’ i hrea 3 12 :\ ’{3 13 1 3% ii”E‘E 1:318{ i L0 t::,s.s,u;g. H0 3 SOU0NRG

'V

macroblock yow 54. Thread 48 is auurently processing macrnbdock € in second maernblock

*c

row 34 as showsn by arronw 80, Macroblocks | o the end of second macvehlock vow 34 have

heen decoded n secordd wacroblock row 54, Thread 30 kas not begun sit:(ughi}h ot a fhaxd

maeroblock row 36, No sacroblocks have been decoded or are clrvenily boing decodsd in

----- .'.' e SR

thitd macroblock roow 56,

- A

JUINGY Reterring lo FIG 61, af time 12, thread 46 has

o corined deonds e ot fust

macrobiock row $2. Thread 46 is currenty processing macroblock %2 in st macroblock

»
Ny L

fge 3& Y b{:t’n L«.ii‘Ot yd in LITEY

')
i)
A

row 32 aw chown by arrow 62, Macroblocks 0 to 3¥2-1 bave al
mscroblock row 32, Mavrobiocks %241 o the ond of fivst tuacroblock row 52 have yet (o be
decoded in first macroblack ronw 52, Thread 48 has also continned decoding of second

_-m_:g;}@:..;:@blzg:sgz;}g_ IO 35* Thread 48 igcuen enﬂy PIOCESS n*ig; macroblock <} i1t second macroblock

macroiock row 54, Macrobloeks ;j +1 o the god of sccond macroblock row 54 have yvet o be
decoded in recond macroblock row 34, Thread 30 has also initiated de cading of & third
iti.s..ak::‘if*‘i’:‘siﬂ{){:{is: TOW 56, Thread 50 15 mp*f’*mi\ pro ‘CbSIH‘Q mz,acmoim,k { ir third macroblock row
36 as shovwn by arrow 66, Macroblocks 1o the end of third macroblock tow 36 have yed o
ba decoded 1w thard syacrobloek row 54,

LIS

."A"f

3 Previous decoding mechanisms were unable w efficiently use s nuilii-cone

;:m DE50Y IO (1(: d@'@ '.-:.;::soiml}z*:.é;:f;gsf;f;(i '{f_f:«iiisgt'fg.‘s::fant;.ii);i?:@igzlis; ?ﬂ:i CSE mQ 01‘ R mauob?mk TR (‘,ms\e

etaly decoded. The

,F.F.F)

not be bnttated wati] the uppsr adjacent macroblonk v had been comp

LI

dithioulty of previous decoding mechwusms stems from the encoding phass. When dada 5
sucoded using traditional sncoding Tecluniques, spatial dependencies within macroblocks

m*q HY 3 SP arific order of DEGCERY m » of the macroblocks. Furthermore, once the frame hag

)

heen erwoded, a specifio mamroblock row cannot be discerned vatil the vow has been

comnpletely decoded. Accordingly, video coding methods meorporating entyopy ©

J

H ~ .“\‘ A ;‘-‘- ) ‘:.'f.'-'.‘l-. R O e ,"': Y - CoMY % " : q‘.u.:;'-‘. Ca any :,. e NN .:-:';.". AP . o+
athids snoh as CABAC creaiad sertalized do TIERUOnRG ten whick were prssed to e decoder,

tof thege serialized dependencies, decoding schames had Himibled efficisacy

i
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becsuse nformation for each comepuies provessing system {e.g. threads 46, 98 and 50) was

T HVA 13 E 5 *m‘ti e dese mim Y PIGORsSs fas been t::::}33?:‘_1'}.531;;5;5?{%d On g m TRATT oblm i?; SREN

LHEINSY Utihizing the parails! processing staging and syuchronization mecharism

Hhistrated in FIGS, 8A and SR allows decoder 21 o effic wntly conlerate the decodiy

RN a.,ﬂ Ay RETY RS SIS RS N 4":"'}'."{.'“' "}".". -y g ~.' } N Y ¥
provess of fnage Sames, Beoause each partition 36 can be subiect {o 8 sepaais ded mim;.:;
"y T Ny ,.;“,"'1‘ axv e o ,, ~ 3 - ~ iy ! o — - L e q . R, Y A SN N ey \ o S
DTQUEES :.,:;.;.:“;.a3~i- {*omiumit s hebwenn partdions can be mangged by embaalivranis of the staging

‘..

awd Rynchromization scheme discussed previously @ conmaction with FIGR. 6A and 6B
Histog this stag nn\? ard synchromzation decoding schieme, each thread 46, 48 and 50 that

decodes an asein cned pariiion can @ Nk oit context data from no ighboring swae soblocks. Thus,

decoder 21 can decode macroblovks that contain cotext date necossary to decode a current

macreblosk before the preceding macroblock row has been completely decoded.

{DOBS6} Rf—'&:;fe:i:ﬁfiiﬂg sgad o FIESE, 6A anud O {, aifsel § can be detsrnined Dy examynng
the size of the vontext dats vsed in the preceds ""ag maerobiock row {e.g g. measirad i a pmiber
of macreblocks) during the sncoding provess, Offset | can be represented m frame 17 by abit,
a byte oy any other yecord that can relay the stze of the condext data to decoder 21, FIGR. TA
and 7R tHusteate two alternatives for the size of afiset |,

NN T Reterring to FIG. 7A, in onssmbidiment, current niacroblock 68 i@ s;:-amem;iy
being processed, Crerent macroblock 68 uses context data from the lefl, top-left, top and fop-

ighi macroblocks dunong encoding. In other words, current macrablock 68 wses information

from macroblocks: { pt ? -] } {r, ¢ i}_ , {8 o and ¢, o+, o oeder to propody decode curvernd

Rt

crrvent 'IlflféitifﬂhiD‘ﬁk 6{%5.. Sim@j,:azs e:,iiijs;ac.:a; s proviousty, decoding of macroblocks can be
performed in a serial fashion, wacroblock (rl, o~1) can be decoded belore current
macroblock 68, Further, i the prece im;\m icroblock row (Lo, mactoblock row ﬂ singe the
;srt;‘\“ 1308 {1, ¢ l} thf* 1ss},b‘(rm:i...1151(.,,104'M‘>a k, the de u-s’im LAY BSe (T, \31\

vost macroblock during decoding as weldl Thas, offset | can by deterndned by

P
) el ned
Tt
f
sf/
}r’*»:
. )'ﬂ.‘.- - i
fr.d"-
‘h,ﬂ \"‘I
rrM
M‘t
t"' "}
;-uA

«9.

sublrscting the column row posattion of rightmost macroblock ol the preceding row gsad

du rm*s encodi ims ot Ew CHFFent s wif 368 L DR i oim T[N Eow pomtion of the aarrarg

A .

|,

8 ,&oi_‘eio“ﬁl m:: EIERT aggad, Ind ik f X, 'ii%t‘ } waottld be sdetenon ‘aa-:'diw sabits mm» 1§51

\

costaira vow posaition of macrobloek (v, b)) fom the odumn position of ourrent macrsbdock

Wy

GR {Le, (rHE o), o ob e, ghving vise 1o an offsstof 1L

tared
AR
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OO P A I | WU e ane embadivaent current macrnhine P Tex oengavaesingntt ey
FRRUSRY Retferrmg to FiG 78, wm one embodiroent, cwrent macrobioek 687w Gurently

bang pmcmmt' Current mactoblock 587 yses nfrmation fron: macvoblocks: (041, o1, AF

a1, 4r, o {r, ot ;.’),,; o042 and &y, o+ 3), I order "tfa:fs-'p;t‘{};:?iﬁé?-:‘j’i" v decode current macroblock 08,

o

3w

macrnbiocks B ‘} {3 g S E}A {6, Gy, il dy, ora ; and ii oy { SR 4o decangad petnrs

- " i R I T Asoading x
current macrobiock 087, Siacy, an disvussed previoesty, docoding of mwerablocks gang ba

» -

. S Tk WA R SUPNTEES RPN SRS T S b " s
whioy, macroblock o+, o1} can be decoded before aurent

% i

SErTOMET 10 8565 di i

o

masroblinek 687, Farthey, in the preceding maoroblock row HLe macroblock row ¥, since the
eneoding process uses {r, o3} as the nightivost mecrablock, the decodercan use {r, o3} as

ihe vightimost sacyoblock durivg docoding e as well, As discussed provioesiy, of st | Joan be

L \
145

deserasined by sebiracting the colamuuyow posttion of rightngst vrcrablock of the preceding

NIRRT 3O L - 3 " : 5% ™ N { YOS Y P e T B E Y % ’* LR T A o -. SR Y o gt *: UL S ’ﬁ..;}."-"‘)
TOW O aER dilm 8 QNG 0@ i WL ﬁ\ LIPS mabim RO ths cohnn v PosHion OF e

1
current macroblock being processed. In FIG, 74, offzet ; would be caloudated by subtracting
ihe cohunn row position of mactabiock {1, ¢ +33 from the column postiion of current
macroblock 887 (e, {f S5 O3, or ¢F3ew, giving rise 10 an offset of 3.

THOGSSE {n the preforved erobodivaen, the ofizet can be deterntined by the specific

1 e

t-r.!

reguirements of the codeg. Tn alicroative embodiments, the offset can be specrfied v
bitstreany,

3@5‘%}%@; While the invention has beety degeribed in connection with cortain
'ﬁ%mﬁbmiia‘;n_ar.?iifisaf,;,.;jifi_‘l zsiu T;me: ﬁifzzizifgi?;f:r.z Smod that the mvention s sot © be Himited o the disclosed

smabodirpents but, on the conlravy, is mispded (o cover various modinications and equavalent

arrangemends inelude d within the spirit and s scope of the “tppi‘tmt(i claimos, whick scope is to

se accorded the broadest interpretation s as to encmapass all such modifications and

squivalent struchires as 18 parnntted wder the faw,

Puwr J_.
..
‘.){:-'
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A, ALALA, A0, A A A A A0 S S A A, A A AL, -

X . ‘é\:.{. TS, B
Whit 1s claimed iy

. S e n T g - T oI § N - 3“ - N ! \, Caeysr oy
A method for decoding a siveasn of video data e preset mw: b loast one frame

P

Hnage composed of a plar dl;} af tows of blocks, whoran the data is encods %:-;;;;:;mg s s

encodding scheme and 8 second encwsling seheme, comprising:

rrJ

providing a pls h:&iiiéw of PEOCESR0NS having shared PrHRACY IOy Spacs;
aamimp a record o the video data that indicades a partition count and a partition
Tocation offset;

dividing the video data into a phirality of partitions basad an the partition comnt and

‘J ’«,

pariiiion iocs tHon affse

.i:d§%jt‘1§;'.i"f‘ymg;f':2;..ﬁts;ﬁ anie and 2 second one of the phuality of partitions, wherein the first
one of the plurahity of partitions neludes encoded context mfonmation tha can be used to
decode the secosst one of the plurality of partitions it accordance with the first encoding
scheme;
decoding the st one of ;hv-;sitziaiiw partitions i accordance with the second.
evcoding schawe, using a fint one of the ';}'}li_ur‘aji.i by of processors; and

decoding the second one of the plurality of partitions m accordance wiath the fiest

decoding scheme, using 8 serond one of the plurality of processors, wherein the ‘.r,;ir::{:ﬁr}siiiﬁg of

1.

’d"

'."'r. ’
~n
.

the second pa hnmt 15 offset

i

0;, a specified nuraber of blocks, the specified numberat least as
farge as the nmuber of blocks in the encoded context information; wherein at least a portion
of the outputl from the decoding of the first partition can be used as wput i decoding the

secorut pariiion.

& The misthod of clatnt 1, whersin the fivst sncoting schone includes losslesy

cootding mud the second encoding sehem incinden ai lsast one of wbva-tome pradiehion and

¥ N.t 3 “l(E ']ta’:u 113':?{ ..i:ifi:ﬁ'.

¥ The mathod of clatme 2, whoreln the lossloss encoding 8 an entrapy encoding

I

The mathod of HIEY of clatie 1 o 3, wieranty ab foast ong row of Blocks m the

<

first partition and st feast one ww of blneks in the second partition ave denvved frome twe

.

adjaoant rows I i VY o franes reprosaniesd by the video dats.
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3. The nuethod of any of clatis 1o 3, wherein at least a povtion ol s row of

. \

’Llirzc,as £33 31{? =I’;3"as§:§> imm iiw (;t e de 33 31 31*:} JEE oml i“ii“"i‘ wo .,'!*-’ i\iwﬁ a8 mpu R Lt li?s-iiﬁf‘ii 531

fonst g portion of suotbor row of blocks v the first partition o accordance with st least one of

the first encodimy scheme and the second snessling scheme.

3. The muthod of clatn 8, whereln the row ib the se wzm r-mn‘ ont 8 adjscent ina

d'

franis of the video mfonmation o the row in the Hst partition.

7, The mothod o any of clatmy T 3, whersin the serond sacodin 2 scherng i3
config gured to encode at leagt one row of blordes in the fust st partition nsing context inforation

ved gt Tl arndein Sv5 s Cesrveie] Paevib sl
feast v vow of Blocks in the second PARGon.

_"‘.l,r .

condaiad i at

d'd"ﬂ'.‘
>
o
72

‘i' brm» X}

N, The uwihad ab any ot claims 1 o 3, wiherain the second aneoding o

g

configured to encode al least one row of blooks m the second partiion wang the context

miformaiion contained in at least one row of blocks i the Drst partition.

S The method of claum |, wheretn decoding the second pariiion fucthe

LOMDIiSHS:

usin at loast a portion of the informaiion of the Blocks most vepexnt lv decoded
by the first processor as the context information for decoding at least one block m the second

1), The msthod of claim 8, wherein the specified nuniber of blocks is detormingd

hased W the g ,- m‘ i‘w conis YI mionn; afion ueed by‘ thea ;_f::{‘;..a;"sﬁr.ti{il-._-gffgifu::odiﬁg}.s:f@::h YIS

11, Themethod of glavm §, wheren the one row of blocks w the Hirst pactition and

the one row of Blocks in the secomd partition are devived from corvesponding rows in two

suoressive ftames of the video data, and wherein decoding the second partition Huther

MR “‘T SN

decoding st loast ong block m the second partilion using informabion i a
black that is alveady decnded by the first one of the phirality of PHOCOS|ONS.

13, The method of iy of claims 1o 3, furtber comprising:

reading i1 the viden data g recvad that mudiostes the number of ‘ms IS,
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L3, The method of any of elatms 1o 3, Sother comaprising:

reading m the video data a record that vuhicstes the size of the specified macroblock
of i:x A

tg he method of elsams Do 2, further conpprising

ﬁm:t i1 the vidoo data a record thatindicatss the E(}Giﬁ'iii;’iﬂ‘i ot the ‘;"Jﬁi‘ii‘ii.iff,h LS W ‘ﬁiiiﬂ

o S e R "-':':.‘-.I .
the oneoded viden datg,

-‘

1. The method of olai

J’o’

imn b, wherein the firat excodi ng scheme 15 context-based

'l

arittunetic coding,

18, A method for encoding video data weluding st {east one fraoss having 4

plurals ity of tows of blocks, comprisin gy

encoding the rows using s serond encoding scherne, whereh the input (o encoding

[

J'

i’c

cach row wcludes information contained in an adjacsnt row;
dividing the plovality of rows ito a plaradity of partitions, whevein at teast two
adjacent yows ars placed hie separate partitions;

further encodi 1g Qad 11 of the Imal Y of ﬁ)’.'-('}"p?iilﬁdi‘f‘"i\ usm«: a first encoding i heme;

\5.\

ceording @ value indicative of the number or partitions into which the phurality of

.,q

rows have besn divided; and

recordin g @ value mdivaitve of the location of the mzmmm within the sucaded video

“
Pyl

17, Themethod of clium 16, wheven the seconl oncoding schame includes b

fenst one of intra~frame prediction and inkers Siame prediciion,

8. Themethod of clanng 16, wherein the fivst encoding scheme is s culropy

sncodme schatn

-

1%, The method of clatn 16, wheretn the fimtencoding scheme i3 context-based

\} ‘k\

arithmstio codineg £:

20, The method of any of claims 16-19, wherein the nuntber of pavtitong Nis a
nomiber greater thast oge
IR%
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}

!'}I/f

.. The method of atw of vlaims 16-19, wherain dividi ng the rows wio 8 phaalin

™

of partitions fwthay covapsiss

‘a

\.

grouping every Mib row of the frame into 8 different ang of the ploradity of partitions,

S --"",. oo bt o% } : X "\ .r\.‘;‘_. A e o ,,_';. \ o \i .}':., - . i o -:“.;I'..:\ -
5o that each adiacent row G e frame ¢ placed a0 8 separate partition,

3

NN K s s e o B S 2. Y y R AN Ny o ~ , ' . o
Lo A wusthind Y i("\‘ “‘h} "" a3 R i‘{l'\ 13 "_ﬂ( RICASQ \’1\?“ dﬁ.?{? NC il*ﬁii{ cl Qﬁi.sﬂ "ijl,i}"_

af pariihons that have been compressod usimg al loast a fst encoding schems, comprising:
celecting at feasta fitst ome of the partitions that ncludes at feast nne row of blooks

that hastalse been sncoded using at feadt a second encoding 5 seheme;

-Sf:iiﬁfc.ting at least a second ong ofthe }’}aii.,ifif'it.i{}”i';i* that e 3 pdes at im st one row ot blocks

......

e sacond sncodimg scheme;

"JJ
ﬁll-cfl
-
C-Q
ynn.
f—&
Nw.
ol
ot
E/
0
W
i
st
w
ﬁ
‘.V
s“'
',~1-
w
f-
’
j-v
y—
/"-u
2
o~
fn'bd
'ﬂ
‘l
M
H
M
iy
uw‘
py
L
j 3
M'-’
”
..J

ducoding the Drst p?z;.;f:iyiﬁi,i.,;ﬁ; Hsing & {ivat processor and

dee mim y the seconsd oAy i Q0 ui}i'n SECO T mc' SEUI, wihtaieiln 'i;mg,z_i@-mfij;gigf of the
SOLONA PATTIIo; I8 offant b‘ 33 *«pea‘i fled numiber of blocks so that at wasta m!}.f.mﬁ oof ‘dn

=

cttput from the decoding of the first partition is osed as inpal in decoding the sseond

parlition in acoordance with the first encoding scheme.
43, The nethod of claine 22, wherein the st encoding scheme inclides lossless

I ¥ hd

wira-frame pradiction and

encodiy and the second encoding scherae meludes at lesst one of

inter-framm pradiction,

-,

24, The method of claims 32 or 23, wherein the one row of blocks in the first
partition aud the one row of Blocks u the second partition are derived from two adjacent rows

i an mmw frame. FEDTESEYT i'b- the video data.

25, The method of claims 27 ar 23, whersin the logsless ong Uémg an enfropy

ih .

26, The method of nluius 22 or L3, whwreny at feast @ poviion of a row of blocks of

the cutput from the decoding of e second pariilion is used as inpat in decoding at least a

kg .

wtion of another vow of b ix ks i the HENI S T ‘:iil 3 1T 85 tnni snoe with b {enst e of the

-J

._ .

firet r*ncwim :\;ciw}ntzf st the secovd aneo mﬁ SORene.
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27, The method of clatm 26, wherein i row i the second pariition is iljin,.(‘j}} in

A irame ot ihe \’a(& 1§ *1} {H Y d ’l [eRAe] i,h.\--:i PO 1IN e Iy ot Al RERLEIES

hd

A }E‘(\ method of elaims .i :5 Gr 23, .»’?1 airt the jecoy i DR mii,; soherne is

‘./

contigured fo encode the one row of blocksin the firs) partitton using context tdforoation

ﬂl‘l‘

covtained 1 the one row ot blocks i the sccond EB tibo,

) The method of elatma 22 o cwherain the seormdd aneg isu

confumred 1o encode the one row of Blocks in the scoond partition using context nfmation

contmned in the ons nvw of bBlocks in the first partition,

30, The woethod of clatin 29, whesein the second snooding scheme ncludes a

\

=

feast ome ot Intracframe prediciion and nter-frame pradiction.

he

31, The method of clairm 29, whersin the one vow of Blocky in the Hrst partifion

and the one row st blocks wi tha second parttiion are dertved Hom two adjacont rows in an

o,

HUERPE {frne represented by the video dats, and wherein decodis 1@ the second partition fucthes
GO Lm

deveding at least one bloek 1o the second partition ustag information from a
block that is alvendy decoded by the first processor, whersin the at least one bloek in the
second partition aud the al ;re:f;ifi}»' decoded Block i frst 'Iﬁaififiﬁ{}'jl-. are: adincent fo sach aiber t the

g O A R,
image frame,

-3

32.  Thoemethod of claim 29, whorein desoding the scoond partition hurthe

i’

CUOTRPUISeS:
usurg at feast a portion of the nformation ol the blocks most recently decoded

by the fiest processor s contort dita for decoding af least one block in the second partitici

”cul”_.
- N

33 The metbod of clavn 34, wherom the specitied otiszet is detormined based

i SO THe 8ive Qi the confext nsad 1"*" tha seoom O ERCHENE SUhemE,

“l
g
|

34 The method of claim 29, wharein the one row of hlocks in the first P artiion
and the one vow of blacks tn the seoond pariition are derived fron corresponding rows i two

successive ramas of the video duts, snd whe wein decoding the sex v parittion furthe

-2 ',. . - '-.-\ A Y
COTRPULSEN

: y)}/.

RV
i .
- wd .
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e "“ e ey :t > \" . VT T D OOy
hlock thal is ah md tegode ibv he (st Do essor,

380 The method of claiwe 22 or 23, further comprising:

- .

T ‘*‘1311&&1 i the video data a record that indi oS iiha imm ey £ IR ma 1S

36, The method of claiiny 32 or 23, farther comprising:

rasching in the video dain & record that indicatos the size of the spectiiad macro hlock

-

37, The method of clatras 22 or 23, further comprising:

reading i the video data a vecord that indicstes the location of the pavtitions within

the encaded video data,

‘i"’:

3. iy WA - — ;; =Y ': ,:3 ' vt' —— % =p % .“; & ;-"'1' . -:?.s---,’-;- AT W 't':.ﬁ"-. ' o >4
38, Fhe method of claims 22 or 23, wherein the frst encoding scherge 13 coniexis

based avithmetic coting,

1 23
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