VI DEO CODI NG OF FI LTER COEFFI Cl ENTS BASED ON
HORI ZONTAL AND VERTI CAL SYMMETRY [ 0001] This
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Application No. 61/019, 831 flled on January 8, 2008,
the entire content of which i$ incorporated herein by
reference. TECHNI CAL FI ELD [0002] This disclosure
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filtering of video bl ocks. BACKGROUND [ 0003] Digital
vi deo capabilities can be incorporated into a w de
range of devices, including digital televisions,
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predi ction and/ or tenporal prediction. Intra-coding
relies on spatial predi BAGKGROE®ice or renpve
spati al redundancy between video blocks within a given
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[0004] Block-based video compression techniques generally perform spatial prediction
and/or temporal prediction. Intra-coding relies on spatial prediction to reduce or remove
spatial redundancy between video blocks within a given coded unit, which may
comprise a video frame, a slice of a video frame, or the like. In contrast, inter-coding
relies on temporal prediction to reduce or remove temporal redundancy between video
blocks of successive coded units of a video sequence. For intra-coding, a video encoder
performs spatial prediction to compress data based on other data within the same coded
unit. For inter-coding, the video encoder performs motion estimation and motion
compensation to track the movement of corresponding video blocks of two or more

adjacent coded units.



used to create or identify a predictive block, and a

resi dual block of data indicative of differences
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bl ock. In the case of inter-coding, one or nore notion
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to reduce bl ockiness or other artifacts common to
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selected in order to promote desirable levels of video block filtering that can reduce
blockiness and/or improve the video quality in other ways. A set of filter coefficients,
for example, may define how filtering is applied along edges of video blocks or other
locations within video blocks. Different filter coefficients may cause different levels of
filtering with respect to different pixels of the video blocks. Filtering, for example, may
smooth differences in intensity of adjacent pixel values in order to help eliminate

unwanted artifacts.



snooth differences in intensity of adjacent pixe
values in order to help elimnate unwanted

W@ea0hsesrs. SUMVARY [ 0008] I n general, this di sSeCDESR089/030468
descri bes techni ques that can reduce the anount of
data needed to encode and convey filter infornation
froman encodi ng device to a decodi ng device. For each
coded unit (such as a fragg, i€, group of pictures,
or ot her coded unit), theggwgggggﬁnay define or sel ect
filter coeffl ents to be applied to the video, bl ocks
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described in which the decoder may presume that the encoder applied filter coefficients

that have perfect symmetry, in which case difference values associated with the second
set of filter coefficients may be presumed to be zero. In this case, a decoder may apply
sign changes to the first set of filter coefficients in order to generate the second set of
filter coefficients.

[0010] In one example, this disclosure provides a method of encoding video data. The
method comprises encoding a unit of the video data, the unit including a plurality of

video blocks. The method also includes selecting filter coefficients for filtering the



sign changes to the first set of filter coefficients

in order to generate the second set of filter
w@owbhswrents. [0010] I n one exanple, this di sSeCDES089/030468

provi des a nethod of encoding video data. The net hod

conprises encoding a unit of tthe video data, the unit

including a plurality of video blocks. The method al so
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E@g??hpgn&ﬂ& Jxafnﬂe R ﬁrgtfﬁe@fa delick 8hat encodes video data,

Iclents
the device comprising means for encoding a unit of the video data, the unit including a

plurality of video blocks, means for selecting filter coefficients for filtering the video
blocks of the unit of the video data, and means for generating difference values
associated with a second set of the filter coefficients based on a first set of the filter
coefficients.

[0015] In another example, this disclosure provides a device that decodes video data,

the device comprising means for receiving an encoded bitstream, the encoded bitstream



[0014] In another exanple, this disclosure provides a
devi ce that encodes video data, the device conprising

worean®sg3ey encodi ng a unit of the video data, PCEUSRNN030468

including a plurality of V|deo bl ocks, means for
sel ecting filter coefficients>for fllterlng t he video
bl ocks of the unit of the video data, and neans for
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di scl osure provides a device conprising a wrel ess
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ftier Slter Sefor@htidd, lat fediefed uhk iRt Eecond tHE plRiIanGedabYEss, and a
associated with a second set of filter coefficients,

BHerapt thpfyecaetos ghmswvnd seapf filieredoptfivientiebaspd oa ey first st of filter
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ream genera ura

Bavdd bhehd fidst zﬁfd See&ﬁrgmtdfcfﬂter aodfﬁadnt@t ion unit that
decaodes the plural |t% vi deo bl ocks, and a filter uni
{00481 §be dschnigycy fescebedHythifisglpsytr mayt be faplemenisaia hardware

Qﬁﬁ;@ﬂ ,Oﬁrﬁlagref 'o'irse}nys %m&fnatfldd bfheof. If implemented in hardware, an

apparatus may be realized as an integrated circuit, a processor, discrete logic, or any
combination thereof. If implemented in software, the software may be executed in one
or more processors, such as a microprocessor, application specific integrated circuit
(ASIC), field programmable gate array (FPGA), or digital signal processor (DSP). The
software that executes the techniques may be initially stored in a computer-readable

medium and loaded and executed in the processor.



coefficients and the difference values, and filtering
the decoded plurality of video bl ocks based on the
wo peogseml second sets of filter coefficients.PD0IBPI/030468
The techni ques described in this disclosure may be
i mpl enented in hardware, softfiare, firmware, or any
combi nation thereof. If inplenented in hardware, an
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d he first t of filt f
BITFT SO sfomaBisidinds (it 98,0 A e DU e R Py oluratity
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filter coefficients. [0021] In yet another exanp
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ream elencoded bit stream conpri si ng an encoded

[mmzlz] bf atidtBervéxdepldanid disdbddued pepvadasl dir qbpatatupfhav IddﬁQies video
bl ocks, .and filter information conprising a firs
datas {1} thisy casedhe FRNPEIESCONEISEYT HBit fh@é T%FUF%PIF ?@coded bltstream the

encoded bitstream comprising an encoded unit of the video data including a plurality of
video blocks, and filter information comprising a first set of filter coefficients, a
predictive coding unit that decodes the plurality video blocks, and a filter unit that
generates a second set of filter coefficients based on the first set of filter coefficients,
and filters the decoded plurality of video blocks based on the first and second sets of
filter coefficients.

[0023] In another example, this disclosure provides a device comprising means for

receiving an encoded bitstream, the encoded bitstream comprising an encoded unit of



vi deo bl ocks, generating a second set of filter
coefficients based on the first set of filter
weomwbogwrents, and filtering the decoded pl ur aPCT/ySh9/030468
vi deo bl ocks based on the first and second sets of
filter coefficients. [0022] |IA another exanple, this
di scl osure provi des an apparatus that decodes vi deo
ﬁ%t aderoecgaée% {)nl Ridks %S :Pllél El? aﬁ@%r ai:)fjoc Wﬁrfllslﬁ %S:ng%mglrt]llon comprising a
Bist Sict eaMm fURAPEISHFigntaN neRaodRd dedollingf thid&liadEo vakddoa blocks,
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, t
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gmﬁhmamGSaamﬁam@mdﬁﬂeﬁaﬂfﬁmmhser coefficients based on
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H’E’?éb% app %Wwplaf this BT BB KEOYASEd EAMPHET ?qaﬂ%ﬁ?e medium
W%tﬁ@ﬁ&so{ha{ 'ub&? %X@CQI%BB ' c%h?entasdec[)&gg Hevld® to receive an
ot her” exanpl e, di scl osure provides a device
cooded Bitsiggame &n:senfcodedrlatsmewmwgn@msmgcaocbadoctﬂdtlsmtrca%thq: video data

th encod d bits an.encoded uni.t. o

BB el g BB roaf £ b R RaGY" Y BRYnE gt set of
ﬁlt&t EdefHiNERE NMBEdS thOPRIrhIHY NAd& bidckS, ?z%tara@é( afdeb&ﬁf set of filter
coefficients, means for decoding the rality video

predBwisnts pesednithe figge ﬁ@mé[tﬁlhﬁrgcwf @emﬁoanééilteofhefdelco@d plurality of
ent r
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[oaspThé )deﬂlﬁlsvd)fdﬁﬁ)e biromkﬁe bgred @mtﬁ&alsﬁlorsﬁﬁe @8dset forth in the

second sets of filter coeff|C|ents [0024] In anot her

eSCaMPRBYINg Hirawiries cngs thee dpicaivtion eloveonpiiitesr fepiaesatnibiects, and

RRALRELE gﬁféﬁé ?écﬂ& LS HELADIL TS i s HRAR %ﬁ?geta!psyrent from the

cause-a decodi ng devi ce to receive an encode

tescs pti@aamd drh\emgm:amdefd)rﬂntltes:ﬂmmam conpri sing an encoded

unit of the video data including a plurality of video

bl ocks, and filter information conprising a first set

of filter coeffpRIEPIFESERFPARON TP PRUWINGS Vi deo

bl ocks, generate a second set of filter coefficients

h Lrg Ul 0 nts, -
RRRBEFRTne BetbadtBity dives, Al aBb Vs Eeh “ullmgpting and
t&edfngrsyitemnd second sets of fllter coeff|0|ents

0025] The details of one or nore aspects of the

02¢] BKirk isap dlagkt dipgrpphiljustratie &t suepRIADI Kigel cagpdsg sonsistent
@& it 8idRSGLi ption bel ow. O her features, objects,

advant ages of the techni ques described in this
[:(]098] BEur 2 inalHlodkediappar dhistrhtirgaid kecrdplacr vidleod alecaded consistent
@&E@% and fromthe clains. BRI EF DESCRI PTI ON OF

WE closure.
[0029] FIGS. 4-6 are conceptual graphs conceptually illustrating exemplary filter
coefficients that may possess horizontal and/or vertical symmetry relative to other filter
coefficients.
[0030] FIGS. 7 and 8 are flow diagrams illustrating exemplary encoding and decoding
techniques consistent with this disclosure.
[0031] FIG. 9 is another flow diagram illustrating an exemplary decoding technique

consistent with this disclosure.



[0026] FIG 1 is an exenplary block diagram
illustrating a video encodi ng and decodi ng system

WO oPP93F G 2 is a bl ock diagramillustrati ngPEIUS2009/030468

exenpl ary vi deo encoder consistent with this

di scl osure. [0028] FIG 3 is & block di agram
illustrating an exenplary video decoder consi stent
with this disclosure. [0029] FIGS. 4-6 are concept ual
graphs conceptually illustrating exenplary filter
coefficients that may possess horizontal and/or

vertical symetry r AUED DIRGRIPEIQN o

coefficients. [0030] FIGS. 7 and 8 are flow di agrams
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di scl osure. DETAI LED DESCRI PTI.ON [ 0032] This discl osur
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e I
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fimiledy apphs .ﬂe%ii%c%i%f 9 MRENCi RHPY oY 4T o InfpERAEON can e
Qdnt A 1ROARAUMo! the HaBoddk Isb ecﬁatctﬁgfdfebéae? R agg%r fag coprect filter
applied by the encoder in order to filter vi | ocks
oicfigcundunugthedilteridgoragaist s used for predictive
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the decoder wil| appljgﬁrt he correct filter coefficients

shmmeigy trpletive Ite exthasgii o@@ﬁ“scwr[teos@qwmggltye@hm@a de 1gfluce the
s d sur co e d ct
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fBhNIRESSIA Sehibtod ifiz @ét&iftﬂ@ﬁlt@fcdéﬁkﬁétﬁﬁhreﬁmm pfrydlctlvely encode a
relative to other filter coefficients. Accordingly
srcand setoof g falier1aestTishmim ttheebyx sxploiae sy hosizenitl égld/or vertical
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PR kB s FO R KOS e R "B S R R BEST the filer
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ﬂﬁﬁl%mb icupty w1 JHRETIcE) VA aVsimPg it Wtk ﬁL? iSpaggl sct”of filter

g&@ﬁ&bl@tgent s. Rather than comunicate all of the

| ter
[0034] The difference values may define the differences in absolute magnitude between

filter coefficients in the first set and filter coefficients in the second set, and may also
identify differences in sign between filter coefficients in the first and second sets. Using
this information, the decoder may be able to reconstruct all of the filter coefficients. In
this way, improvements in data compression may be achieved relative to techniques that
communicate all of the filter coefficients from the encoder to the decoder.

[0035] FIG. 1 is a block diagram illustrating an exemplary video encoding and
decoding system 10 that may implement techniques of this disclosure. As shown in
FIG. 1, system 10 includes a source device 12 that transmits encoded video to a
destination device 16 via a communication channel 15. Source device 12 and

destination device 16 may comprise any of a wide range of devices. In some cases,



coefficients to the decodi ng device, the encoding
devi ce may communi cate the first set of filter

w@owbOswBrient s and di fference val ues associ at edPGT/UB0D$E30468

second set of filter coefficients. [0034] The

di fference val ues may define Phe differences in

absol ute magni tude between filter coefficients in the
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1, system 10 i ncludes a source device 12 t
Dean@tmm geaex brady wicliels atr@cavdé.’fét v madeor 7devidee d@ﬁ)d@r 28, and a

j on_channel ur ce device,12 an
HaSB P icS i ovh et Sinsy Vich B SR 6 giaer 2p g souree
Qdviste YD GRSy bé oRRERcE a8 SIcSO Hltee cotgHESRts 1dr @M¥ldeo block filtering
destination device 16 nmay conprise wrel ess

pogesnkrchthicorprediviigdy kagndsevgie efuitlerpocisiandd beasgd on other filter
8?ef}[' ﬁex‘ﬁr df{fslg ggsieﬁclroelert %80\9\/@ gees?‘ﬁgt Id‘%vrl]gesl? Ellgle bteec%l?lﬁglcﬂr%gsto decode
gefifcabdaffitionty) ed@.pb@fd@@ﬂstlfwchﬁgﬂierp@edla[x%l}néﬁcoded filter coefficients.
necessarily limted to wreless %g plications or
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K871 Npse sapifierlly. badegppngodar 28 dloniee|desise dby ingays select filter
. . . o

g N TP b e B in € BT nE BRALS hd 5 encode
thediltd eoafficictesofos oumnmnib@tioratw'vi(de@ deswclod 28 o2 Aestmation device 16.

dul at qr/.de ul at or,.. ( nod d atransmtter 24
e ﬂatlfaaﬁe%j r%e@nlélff?a qru&ée ClP%té’e?v%PFO sety [ of ‘the filier
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In accordance wth this disclosure, video encoder
blters coeftieicdsyi dor 1&ampye, bﬁlt@onwfﬁuleed to tlsfelse@;tndf s¢tt may have

gt S B Ofe AshEceshtipn i i BEPRRC; Bt Sens o the
hRseoMi@ithaY thbiskégid s@p@c gl ﬁdsﬁ[\fesor nég Qt@\Q: hesadger #8m those of

of destination device 16 be confé%ured t 0 decode
thefllfar cpelficicaistinithe St §et eA@ordlb&ly;@ TP8£¢ teltpshgay heentify such
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spec eo en sour ce vice

sabeat of Ilhibﬁhatﬁ?d)ﬁfnﬁd:dﬁdefﬂ sonafplye Fieh docffictints can be reduced.
coefficients during the encoding process, and th
SRRGAY. tim dhis idisclosuise drct phepsenidéierancecwivash .ceramf@rnwt gifferences in

YisdfRe Hﬁg&@l{%{e, &%@%%C&Qﬁtslg%?&l AfredG¥d:GR n?a%mtude and sign.
[0038] The illustrated system 10 of FIG. 1 is merely exemplary. The filtering

techniques of this disclosure may be performed by any encoding or decoding devices.
Source device 12 and destination device 16 are merely examples of coding devices that
can support such techniques.

[0039] Video encoder 22 of source device 12 may encode video data received from
video source 20 using the techniques of this disclosure. Video source 20 may comprise

a video capture device, such as a video camera, a video archive containing previously



Gven simlarities between different filter
coefficients, a second set of the filter coefficients

W@ 20091089303 edi cti vel y coded as difference val ueBCT/US2009/030468

relative to a first set of the filter coefficients.

For example, filter coefficielfts in the second set may

have magnitudes similar to those of the filter .
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techni ques. [0039] Video encoder 22 of source device
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1 kRecqpres\iocRdrdestipatign [dgyicp dp regoiess daforpation s ghannel 15, and
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BlomEsam ol e g(f?&?#l% Q9B Gt §OHee P nsSHicisiy aeplicd by
Gﬁ@@r&c&ﬁ?%snﬁ& Bel Q&%d@&‘%ﬁ%-thk We&ﬂ&{h& &FCthist B8closure. Again,
captured, precaptured or conputer-generated video may

bailenoedbdwoyn diftemt évteo deafligiznts (340 exphaeedt thacdicddhe amount

data. i s .encoded vi deo encpder, 22, .t he encoded vi
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Transmtter 24 may include circuits designed for

10042k \Yidepi degodsatZs, dscrdssudic ngdeanplorks. eererates (theopagond yef of filter
ONEr QEntI BRSO BNARL set of filter coefficients and the difference values, and

filters the decoded video blocks based on the first and second sets of filter coefficients.
The decoded and filtered video blocks can assembled into video frames to form decoded
video. Display device 28 displays the decoded video data to a user, and may comprise
any of a variety of display devices such as a cathode ray tube (CRT), a liquid crystal
display (LCD), a plasma display, an organic light emitting diode (OLED) display, or
another type of display device.
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Rardwarechammgre oy, comirations thereofs diashiofyisso snoqder 22 "and video

decoder 28 may be included in one or more encoders or decoders, either of which may
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be integrated as part of a combined encoder/decoder (CODEC) in a respective mobile
device, subscriber device, broadcast device, server, or the like.

[0047] In some cases, devices 12, 16 may operate in a substantially symmetrical
manner. For example, each of devices 12, 16 may include video encoding and decoding
components. Hence, system 10 may support one-way or two-way video transmission
between video devices 12, 16, e.g., for video streaming, video playback, video

broadcasting, or video telephony.
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et St 6 bESTE s Bhudlet el T D iy Pl 18 Sdeniity o
plearekise blocRME$he d$ﬂfér§1€&s bB@Vekh @sSciRfent VRIEE SlocBRHRScoEd and the
pictures, or other data structures may be defined as

Pl‘ﬁ?d@p‘@ﬁ Blosklaye ensisd @alsiresidusl blockhand pradictior syntay isrused toidentify
\%(Hgt?vebt!lg&k SThGTIlg?IdIYA,I%?OCkbAlaQ Cio(e tr;M tf(])}n{éd %?%gaﬁ{pzea. Transform
f I'ng Siz s, ang nay dh rrn

ed or
RCHE @R aag cftgnliri’se aa SID@Ti 1511'06@1;5 cadeargeptuaigaidilard Prosed¥e integer
cases, each video fra i ncl ude a series of

AR Bt ¢lgt fa@@&imﬁq Q %th?rc;‘é@es angansiumss | Ip @geDfdyprocess, as an

example, the transform process converts a set of pixel values into transform coefficients,
which may represent the energy of the pixel values in the frequency domain.
Quantization is typically applied to the transform coefficients, and generally involves a
process that limits the number of bits associated with any given transform coefficient.

[0051] Following transform and quantization, entropy coding may be performed on the
quantized and transformed residual video blocks. Syntax elements, such as the filter
information and prediction vectors defined during the encoding, may also be included in

the entropy coded bitstream. In general, entropy coding comprises one or more



i nclude a series of macrobl ocks, which may be arranged
into even smaller blocks. [0049] Macrobl ocks typically

WO 2600084303 16 by 16 bl ocks of data. The | TU- T HQBUS2009/030468

standard supports intra predlctlon in various bl ock

sizes, such as 16 by 16, 8 by!®, or 4 by 4 for lumm
conmponents, and 8x8 for chroma conponents as well as
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exanpl e, the transform process converts a set of £IX8|
pay @é@daMtV@lx fefinstl dp proerie Midepemelty. v aéhewagp ¢, video encoder 22

{n?ig agléﬁtg/r dgﬁﬁe g@@t&%}ll&? c&et}ﬁm@ht)é %r y gllvgr?é uph at the same

omal n zation is typrcally app
fiher docfisénos ancased fdrailends, blacid cgeharcmldbcyunmvhi sc&se eases video

rocess. that limts n er of. bits ass ted w
Eiepdes vemey eapls YLt £ B f‘érﬂoe&fc R lens! that Produces

lee%§tf Qa2 Rl cSlBAN M?&e‘spfével@ ) E@rﬁﬁre‘éﬁgﬁ Neh HRY caQ@ once selected,
performed ‘on the quantized and transfornmed résidua

thedetofifiltze kecfiiBgntsappleddepvitey crpadér 22sfot bachfdolednnit may need to

nfor and pr.edi ction, ve to s defl during.th

b EBRAeR, o P BUEHRE T STigH PO e e AT o B T8 so tha
bides tdeesi®r 28Ncaaeqplthe SMd ﬁﬂé’n@fhaﬂ a8 QIpPlibS G8riRd ehcOéncoding
nor epr ocesses that collectively conpress a sequence of

plivapsifoeerch gaigsfcoded Woef fi ci ents and/ or ot her syntax
E@%QL% ? 1S %T&%nﬁlggraﬁleﬁluntlr%%gs g?d%g I%tnﬁg'de%IS% %)%gls‘gnt with this

can niques,~are per € quan

tiselosfror mldaeéﬂdodexem Snaly todeshhdtto viddol dieodure2206f dtaazﬁc% 20, or a
serialized one-di nensi onal vectors of coefficient
Vidgorenspder phi difpnd| deyicge B sothowisin Fige 2 vidam é@coder 50 includes a

gl%ﬁ{cgl)b(ﬁ Wi t3§, Mferd Eﬁe an?S‘f,raﬂ% Igféq%e Eﬁa‘ﬁ{égsté‘\faég eRA¥nt 34. Video

encoder 50 also includes a transform unit 38 and a quantization unit 40, as well as an
inverse quantization unit 42 and an inverse transform unit 44. Video encoder 50 also
includes a scan unit 45 and an entropy coding unit 46. Filter unit 47 of video encoder
50 may perform filtering, and may encode filter information according to this disclosure
so that the filter information can be efficiently communicated to another device.

[0055] During the encoding process, video encoder 50 receives a video block to be

coded, and prediction unit 32 performs predictive coding techniques. For inter coding,



information, e.g., via content adaptive variable
| ength coding (CAVLC), context adaptive binary
wa@eiovksssrs c codi ng (CABAC), or anot her entropyPCDUB2999/030468
process. [0052] As part of the encoding process,
encoded vi deo bl ocks nay be dEtoded in order to
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ioRs GMeo \téféﬁ(ﬁcﬂ ﬂ@hﬂeﬁ Y)r SH&@ i .ofder tb RIREME alredikiviesisck. For intra
artifacts from decoded vi deo. [0053] The encoder

may
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prefiggve hlock @a%?d\ﬂnorh% mafiep yestosdreteranagdhiemption eHinaiog. For intra

enclg% %?é%{ Ion\ﬂ gﬁ %eq%%ge%r d::%leE‘E?\Ye 8L GRPOBA nki ghlydrﬂl%odata within

a vi eo encoder 0
thef daareeeided emlltc eOnéd\or shawnnira-pkddigtiod, mvddemae definke ho®0an intra

Iude pr unit 32, adders 48 and 51, and a
@P@ﬁ gmkFﬂﬁg é@%?gge el ement 34. Video encoder 50
ﬁiO‘S?] Nf't%f Hféﬁﬁtl@n b A QMY Ml prad sl HME&@@M‘S%ﬂbtracts the
unit 40, as well as an inverse quantization unit 42

pgdiciann bloek fioen theavn@deJlmlubﬂmg 4@1ded\m daler engodate Boesidual block,

GiiTorzn onf £ aPo i b G brv I Gl BRBHLAES: e Hensiom may

B dikdrbrrcofide trandoMRYDENS 88€ cdidepRbllY BinAlafBheBrm such as
accordlntho this disclosure so that the filter

that defiredi oynthe dih 26k sendardi éﬁwe}ﬁtdmﬁ@ﬁm&,aﬂ@gert Bansfonlesub-band
gg Ifo cgr eé]tgg)g of rt‘l%n&h %u[cf Eg u%&? SHy an c%gé) &ransforrn unit

enco FHrecdives A g codeq,
P8 eﬂpl(ﬁsltlﬂ@trhlﬂiﬁfbmﬁﬂa e rrémm bwoﬁdptbﬁuwiﬁg Qdﬂbcﬂgof remdual transform
technl ues. For inter codin predlctlon unit
- {lihe twaf%m 61%’0@“5’61%6]@ Enidydeaiarmatian ffr@asa pixel domain
r nore video reference franmes or slices
?k?g%gwh&zg |ne a predictive block. For intra
[0058] Quantlzatlon unit 40 then quantizes the residual transform coefficients to further

reduce bit rate. Quantization unit 40, for example, may limit the number of bits used to
code cach of the coefficients. After quantization, scan unit 45 scans the quantized
coefficient block from a two-dimensional representation to one or more serialized one-
dimensional vectors. The scan order may be pre-programmed to occur in a defined
order (such as zig-zag scanning or another pre-defined order), or possibly adaptive

defined based on previous coding statistics.



coding, prediction unit 32 generates a predictive
bl ock based on nei ghboring data within the sane coded

W@ ri09/08Bredi ction unit 32 outputs the predictiPCI/bb0%030468

and adder 48 subtracts the prediction block fromthe

vi deo bl ock being coded in ortfer to generate a

resi dual bl ock. [0056] For inter coding, prediction
tion and nmo
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how an intra predlctlon bl ock can be defined. [0057]
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to the residual block. The transformmay conprise a

Hi %NPEGéoéVﬁestngs mdreh Pechy appligd %ﬁcyéﬁtpuaffd Pasis by entropy
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Vﬁve nsf or ns, |nteg trans
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convert thé residual |nfornat|on froma pixel domain
tikclp chcague teyfutioeaThis disoBB8ic iQuatimitert tocmy wpédifigGntropy coding
%ﬁﬁn uanti zes the residual transformcoefficients to

GFMUA®Y reduce bit rate. Quantization unit 40, for

f08IPESHoWRY thd Bhttodyne@ IMETRE kn@bpyPétcd dihgashit 6,GR8@ncoded video

each of the coefficients. After quantization, scan
oy tbeagansgntied tchanefbeinddviesdore ishivied ifenlatey] Gekmtiysimn er retrieval.

é\é%_n thgee gé)cgeﬁg n:ﬁléegn%ﬁ GB%OS&EO&%VEE{%% and Varloys syntax,
Baidhrean Qi‘eﬁgé(ﬁlﬂj?ﬂeld: dodaay fprd)p’brl@ abafipmedhe decodlng process. Inverse
quantization unit 42 and inverse transform unit 44 apply inverse quantization and
inverse transform, respectively, to reconstruct the residual block in the pixel domain.
Summer 51 adds the reconstructed residual block to the prediction block produced by
prediction unit 32 to produce a reconstructed video block for storage in reference frame
store 34. Prior to such storage, however, filter unit 47 may apply filtering on the video
block to improve video quality. Such filtering by filter unit 47 may reduce blockiness

or other artifacts. Moreover, filtering may improve compression by generating

predictive video blocks that comprise close matches to video blocks being coded. After



order (such as zig-zag scanning or another pre-defined
order), or possibly adaptive defined based on previous

W@ owo8p333 ati stics.[0059] Fol |l owi ng this scannP@ryUS2009/030468

process, entropy encoding unit 46 encodes the

quanti zed transform coefficielts (along with any

synt ax elenents) according to an entropy codlng

Fﬁérﬂ?% %eotggdns u(?tgd %@en } aoxcg al%ln%%lt%%gbx arec%g[a)n um‘[t ?h2 as a reference
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descrlbed herein. [0060]. CAVLC i s one type of entropy
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H 264/ NPEXA, A st andard, ich may be applled on a

ﬁg@t Wﬁm@tbmlww oy Tclog leﬁ@ dnsior ups maABAG thy encoded
uﬁgﬂgég)aﬁam g%(mvngludlng bi nari zati on,

con ex and bi nary arithnetic coding.

[006B8 Nirs acsdanc€ MEitto s dixdiod@rel fllter 4Bit wdﬁéirfdrﬁlartfofdﬁfgmechmques
coefficients and syntax_ el enents according to CABA
Withyeweidp filigpdxfornation theppax dvegythe eééatalng%ded to encode
[ y
S e et LR LR 06 LU i coda
mﬁtamyhspeﬁhﬁkpagﬂmpmﬂpummé&m@hbeohnﬂmuexmﬁmﬁﬁlﬁﬂmrunﬁ37nmy

e N R B0ty PBEPE R il WO BOdAGY AR coded unit

Iﬂﬁﬁéir Chie r37araﬁ151'16‘éegnef ?ﬂte} R ANSA §RiePNoOfilter video blocks of
retrieval. Again, the encoded video may conprise the

seonsopyted odéad blecksosterednal refardnoe ﬁawrﬂtm 34nihedh way bbeised for

BRgeudY cofferaloinh &b St Hnieysoagion v S8 mihmation

tvvhwﬁsﬁ rivariRl o éﬂrc@;@womnlgmvﬁ%%ﬂiﬁamsioaaﬁ tHRMNend&dkd bitstream.
i nverse transform respectively, to reconstruct the

e blib¢ tashaigresi of thﬁéilq@ﬂ%ere 1geqeiize, and pririonit tha fagd ghat serac of the
fiﬁ% d@oe? a&%ﬁtg (éirefé lgesd ?1“ gélet%éc? ?)y 3@%{ ulﬁ%r%%lgl Cﬁosge@s k?l (}ﬁltal and/or
ff@ﬁ@dlsstyhmﬁt@dre\lldtﬂe @o bkiee Kilfed codtioicage Ad’cofcﬁlﬁgﬁly,emc(&der to reduce
threaarrrneount of data needed to convey such filter coefficients, filter unit 47 predictively
encodes a second set of the filter coefficients based on a first set of the filter
coefficients, exploiting any horizontal and/or vertical symmetry between filter
coefficients. Thus, the filter information from filter unit 47 to entropy coding unit 46
may include the first set of filter coefficients and difference values associated with the
second set of filter coefficients. The difference values may define the differences in
magnitude and possibly differences in sign between filter coefficients in the first set and

filter coefficients in the second set. Using this information, the decoder may be able to

reconstruct all of the filter coefficients. In this way, improvements in data compression



store 34. Prior to such storage, however, filter unit
47 may apply filtering on the video block to inprove

wor@enswaal ity. Such filtering by filter unit BJI/H82009/030468

reduce bl ocki ness or other artifacts. Moreover,
filtering may inprove conpreskion by generating
predictive vi deo bl ocks that conprise close matches to
V|d ock ei.n d Ad erfilteri t .
3 r?s clpueéffx% aekiatlv g ﬂuersna atbcommgrgc%g a&)lrore}gth ﬁltoeﬁ coefficients

ﬂﬁhﬂwéa)ﬁﬁo&xﬁﬁﬂﬁﬁﬁmﬁ@wﬁhﬁQk to inter- code a bl ock in
subsequent video frane or other coded unit. [0062
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[0069] Prediction unit 54 receives prediction syntax (such as motion vectors) from
entropy decoding unit 52. Using the prediction syntax, prediction unit 54 generates the

prediction blocks that were used to code video blocks. Inverse quantization unit 56

performs inverse quantization, and inverse transform unit 58 performs inverse



coefficients, exploiting any horizontal and/or
vertical symmetry between filter coefficients. Thus,
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manner described herein. The received video sequenc
mégymeoopr iThe daroded ande taydic Qlftputrfage videnekscoder $8tfonpresentation

rame slices, coded ou icture
ey Db 5 P 46 ST ¥ S ebag et k4 ine
(0w pERGSNa e \chA@ptal Klﬂlsae&ho% RRX 1Il@stﬂl@if1% NE&etPry filter
to decode such V|deo bIo 0066] Video decoder 6
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Eoe 1%181%% Sr'lgl%a[ecl}n Sglog%%{s)u sﬁc%oshuhe ef‘xpjl%lp c%gﬁo(gzoggl ﬁ%d/or vertical
Wiﬁﬁlbt@j&l IbatweendifforeMt flRe0chofiGcitiith tin D2dorety Iﬁ@licfeoﬁhm dofvinCof data
or CABAC decodi ng, or_ any ot her tg pe of entrop
aredsdiitp 9009%36 fihigr wpefdisicatsc Bawr a 5odcoEprGodpy tf é‘cﬂé@@ decoder.  In
e RS SO ARAIATANS) RS Ao Al AR, dhleihiques of tis
piseldiwt | @mmsymtax avdystbet senthef fiben eadfficipyts dacodiffigence values
unit. 5 redi ction un| 54, d entr ecoded
fispeiate .Wfbgr%a‘fqn&nsm b Mg odf i t%mﬁ@p%} BEREd Y Hyes may be
ledictatlg’@of @iftetdnt & betRédn B firdt QAGATthSREAL dBFricicd®s and the second set
perfornms I nverse scanning that is reciprocal to the
eCiteri aogffisaantso cige dlifiigremces @tamagmmdezaﬁd ofgnFIlGthi@ way,rthe second set

o0 hTer AR TsieB R Rty Ry TpYe T b G et Pl gogfficients.

[odr2 0 THE BFfcaRt vRuBEHal 0bMBtise [Eedanikbe theatsbust €44 that would
the vectors, as well as the scan order defined for the

otharsh nsek stonbs SEBf itoecomBRLIprée tthp - GParsh sPtoehl filksr oedefficients.

A%c rﬁlg% %heu[&I %‘f’c&ugg QP 91% dl%/élgsze[l?e 121?1 %95 ovg gat% c%%plrezszsiip}l 61%sociated

erse quan
wnhtens(ﬁiedamddonharlﬁauﬁés&nﬁr @bmﬁui&hts th&, possckehtcleayn S@me symmetry.
frane store a sunmme In addition, vide

bedd @Pn@@tual seesamﬁk?ﬁ RicE1GS fH6t iltqingaetigjenth ek ied 5 may
felﬂ?esgﬁ{t QI QlntS WHIBLe transmitted from the encoding device to the decoding

device, while coefficients designated “O” may represent coefficients that are
predictively coded such that difference values are transmitted from the encoding device
to the decoding device for those coefficients designated “O.”

[0073] FIG. 4 conceptually illustrates exemplary filter coefficients disposed within a
two-dimensional space. The value (1, k) may represent each filter coefficient such that
cach coefficient has an “I” component and a “k” component within the two-dimensional

I-k space. As shown in FIG. 4, coefficients that reside within quadrant Q1 may possess



64. Consistent with this disclosure, filter unit 57
may receive entropy decoded filter information that

WO paobsisg3 a first set of filter coefficients aPEI/US2009/030468

di fference val ues associated with a second set of

filter coefficients. Filter ullt 57 may be configured

to generate the second set of filter coefficients
goalr?zfeodFag,E\éeteIH%aalll an zcila%?_o%ta% o&mﬁn:gl[ L &k l?%oee fté Itcﬁl rc]:{t;e%f t{]él(rajlt %erélde within
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coefficients to be applied for each coded unit, and

v¥eethe difipr ¢aedfigienth fari quadiant Qéfanil cinféﬁmrs:emh@s desrquadrants Q2-Q4 to

f%énnle% & ﬁl{?ha%%l{afgége?ﬁée&gt ?soc at oc“l(lt ltr?agf(aanég @ (:i' 1 egg get%e difference

valfiey @ng eorhpiageecst dutaethaa thoards e lof detartea onsilld Utterwise need to be

decoded franes éh r other decaodable unjts) of video

ﬁqw é@ rﬁamr@wwa‘m cdercane geupf tﬁéte]frﬁ9efﬁéleé'i§t plibe ﬂ“lrlféfncoefﬁcwnts in
S APERAP L AR oRNERATHAL AR O 81 USRE oy Do, whit

tlxeszodf mdra{nﬁOQl}Q@m%compﬁseaa@rmmaem thade-graaphlysof all of the filter

tually illustrati xenpla filte . .
QSR PRt o YT 4R RERT ﬁ@%g Gl P ikia pd g hgpizontal (1) axis
4] FAdorsy BIGRY Mohly %Iﬁtcélvs?nﬁﬂbt Mnlfl 'hbﬁ%ntal symmetry exists with

coef!‘l cients. The ‘techni qies O]?tthl s” di scl osure
@&pﬁtcolto tBa diitch opéfriorehtal withid/ otwoeimemsainas ypavet rIn the conceptual

bet f r co fficient | der, ..
Pmne Of IS hstnrcishtsaltrSaEs dafit gt AR G may be similar
foo@bld 6f Ridsanty QM and DA et ENEREETC dWdulthé ERoAEAdakis. In this
In particular, rather than conmunicate all of the

gaset dhe Eder fopefiiisients, in ﬁeadr@l@thrmwé@ O mEy sbajjused ¢ uwedict the
SRRIPLE 30 Sy B L L B AR B BRAESh pfranami

filtbt @cffodaitf fozi @adants e al(iﬂ Okemdntifferé¢aduegudyeipr E[ﬂadrants Q3 and
indicative of differences between the first set of the
Rr et d@@%#ﬂflg éiie‘élﬁ?s Hitdd¢998Ingeddiies 88y e HF| tléer coefﬁcwnts for

{i@a%lfr{wﬂtéz agd dlﬁtérgfl&r FA1G S?o!r Q]tugagﬁ]t's t(?@ erate the
e second set o [ter coetficie r
patedi mefﬁ/ceérys asmbedtddawetﬂ qndtans QBratd Qdt e ffi lﬂet ceoefﬁcwnts in

gl?a%fre{nltsc I(‘fptand Q2 may comprise approximately one half of all of the filter

coefficients, and those of quadrants Q3 and Q4 may comprise approximately one-half of
all of the filter coefficients. In this case, overlap may occur along the horizontal (k)
axis.

[0075] In the conceptual example of FIG. 6, coefficients that reside within quadrants Q1
and Q3 may be similar to those of quadrants Q2 and Q4, but symmetric about the



[0072] The difference values may conprise | ess data
than the anmount of data that woul d otherw se need to

whe2009/#e8%373 0 conmuni cate the second set of fil tRET/US2009/030468

coefficients. Accordingly, the techniques of this
di scl osure may inprove data c¥hpression associ at ed
Wi th encoded video that includes filter coefficients

sses | eas ne t he t ual
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ﬁH?rcijn a{rﬂrl'rar% %heg%é fl? 1te% heIn ngc astehof %a g))?aaslﬁ% gﬁs tg cPde the more

tﬂi}ﬁbrtﬁﬁeﬁitbﬁ bedtfiGichtd »qluadfoamalt@hmmehesssinﬁpdﬁaﬁt fifler coefficients.
t hose of quadrant Q, but symmetric about the

hb#ti i5.othe Znceding geyise mqyealkp@éﬁefdlﬁfp@m gumberg @4 Pitgie digferent filter
re 1,0 t Cc
¥‘ﬁ?§ntﬁ elH]Vtiégtf}r%ta?ett IT% t?lg )%ﬁlgeqangff?cﬂéntﬁo rcl)fgéclilhtfé%/ @‘%jﬁ‘gqglb, the filter
eoefﬁclemh itlett fathyn fiee flBfarisroedhd Ok asxidinag brealf lﬁg&wnﬂhp(ynance to the
case, coefficients in

any
ﬁﬁ sethaR g nterpﬁlaaa.Ce?frﬁmatsc dafthis G?Sé’nttémg’ %@apfaﬁ?%to dedicate

Q%reQ%solﬁﬁ&r%ldBaﬁh%Ydth O HRTARH LA HERM s Gt WRYe F&ﬁ{‘%és of zero and
filter coefficients for quadrant Q and difference

thatdliers, fabrontthe “I¢ esfsfor thek’sixguadr ants Q@-Q4 to a

di d th :
L R R R o T AR
Mahi@sng @e é’t‘#&dﬁéﬂ%én R- Xk GDALRAL ehel fRoad&d HRbred signal. The
coefficrients associated wth quadrants - . Again,

Qﬁéﬁ@wmtﬁ@fmé"étevmawﬁrmyse@tﬂéwm se less data than the
gm& of dahz: z uld otherwi se need to be sent to
|caK’e tond set of filter coefficients. The
t r : '
P el BT LB R YRR 38
¢oef fH ouad{mormifict eg(kihgse of quadrants Q2-Q4 may
conprise approximately three-quarters of all of the
The pemfcandf Yaled wntsentOreraplizstign Geterr HBicongmphect value may be

vertical (1) axis and the horizontal (k) axis
equal to2” but may assume other normalization values. Larger values of normFact

generate more precision such that quantized filter coefficients f (k,l ) provide better
performance relative to filter coefficients that use smaller values of normFact. On the

other hand, larger values of normFact produce coefficients (k,l ) that require more

bits to transmit than filter coefficients that use smaller values of normFact.



[0074] In sone cases, only vertical symetry or only
hori zontal symretry exists with respect to the filter

w@omwbogwrents within a two-di nensi onal space. PET/UR09/030468

conceptual exanmple of FIG 5, coefficients that reside
within quadrants Q and @ ne3! be sinilar to those of
guadrants B and 4, but symmetric about the

BB LB o ds A DSty LA Lo ipplicd 1o the
&rcgggt@tctehh&agggg é‘slfgp&%sl n quadrants Q3 and Q4.

Accordingly ncodi ng device may transmt filter
coeffLC|e tsKorl nts K QRLand difference
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608 teC b@éfﬁ&ent's n g Fcfi‘s@hlcﬁvﬁii(ﬁ RndBY¥=0C&UTIRWANGvhere d(k,])
the horizontal (k) aX|s [0075] In the conceptua
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(1) da¥$1k315)—1 Nf Uk' 9+Qﬂ§é% tnhl%>fd %ﬁ&fﬁ@oegf' f' tGRt s In

quadr a n )¢ use redic e

coef fici ent f& /aﬁ &ga téfe(‘fwgl% Accordingly, an
encodi ng devi c transmt filter coefficients for
Ghaeroiheigntd( 0«92@%&6 pisdictdipdoldanes val ues for
gquadrants 2 and to a decodi ng device. The decoding
devi cgr(g@y WS ,emp&@ fg‘z;rf (%9 ﬁrfdl((gzg)ents for quadrants
Q and ‘@ and differ es for quadrants @ and
4 to generate the getiual coeffl cients associated with
quadrants 2 and 4. The filter coefficients in
quadrants @ and B may conprise approxi mately one

half of all of the filter coeff|C|en and t hose
wge} Eﬂﬂe’é uip 4% Aty dirstrgge disraneflisiensp 6‘&@% feap@Ioh kon@h al§ and /=

sl sy 5t B R0 VER e of PieSy @8R regresent the
ngk @omh o @s%ma@ﬁ‘ﬁﬁdecrﬁé}%e Lo, BRBLGTERhSoRY g Fencoder

|rrpor ance to the filteri than oth

s@abitt €dcBrbsfricldnt $UCH BRsELSodet tandBdht Q@mgdzvmt 88, thdcoefficient
code the nore i npor t ant f| lter coefficients with nore

hiapsitideadiffchact aatick ngds tanky fid tefedcoeffiliceivaitt 47 sditaby video
is, the encoding device nmay allocate different nunbers
afcodirt $0.t Agdinf fherremibef jof thés m needed to represent the d(k,/) with largest

magnitude may be sent first by video encoder 50, and then subsequently ecach
coefficient difference d(k,/) may be sent using m bits.

[0081] The magnitude of the coefficients g(k,l ) may depend on k and [ values. Usually
the coefficient with the biggest amplitude is the coefficient g(0,0). Moreover, the other

coefficients which are expected to have large amplitudes are the coefficients for which
value of k or / is equal to 0. This observation can be utilized to further reduce amount of

bits needed to transmit the coefficients. In particular, the normFact used in



coefficients in the first set of the filter

coefficients. Oten, for exanple, the filter
w@owbhswrents that fall on the "1" axis or thePCRUSHNI/G30468

may be of higher inportance to the filtering than the

other filter coefficients. IM%his case, it may be

advant ages to dedi cate nore resol ution or bandwi dth to
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fipktt ffay 8 ebdd © S%Hd ﬁlegéllﬁalln)nngﬁdi@Es be quantized and
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H98RF Ao teverafurther epines thetrsinzben of b hexaled om sdnddthe filteMerefticients,
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coefficients f(k,l) provide better performance
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val ues. of noyrnfac | .arger valu
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use smal | er val ues o rnFa 1007 I'n t
ﬁher abetadends foi Hetsent toabbiti cmleénatfs;)f ftl{ds¢ khat woeldacpbémst treoneeded to
n](d e ons%lructe imge R(i,j) as follows: where i and
é’EJ‘ FicRECiYEat i ons associated with an i mage

% 83] He@cld @&lhl Rs vagkeih Tact s?'l] mm¥rdy @ﬁﬁjpdse'(@m the ’VH‘tfcal dimension,

i s discl osure proposes tec ques that can reduce
héorezontalidemensionhpnt eerivesd dad htouzcmrtdr@metlswms, défiference values may not

GREHbIoRERL Buf iy hé Pt Emed b P fub ot FhefREk, FhE8Qding device

%ﬁl@u @et&ide bh @itddee wBeetdh ehe r&bﬁlphééfs dn) ec@dedhig bf kire=0ideo data
and |1 <=0 as follows, where d represents a

chudgngen pdurglty et ‘afietabblidf«% rﬁnﬁoféléqulefpr@émrh EQMPKISIRE Anfdrst set of
ﬁtf(tf {36!&“1%1&%(‘[5 sd 1}1(’td césfeoh}e( e%gﬁfg é%glc (\%u{ld l((ieco(si% E llp?ugebhty video

thekx oehéiacd erﬁecém qét Gﬁrﬁlﬂae cpéﬁ'dleﬁltsedaﬁd dolthooisst det of filter
coeffq 01€1r11t(s)r arland (f“%ter the decoded pijurgﬁtgl)of video blocks based on the first and
second sets of filter coefficients.

[0084] In FIG. 4, if perfect symmetry is imposed at the encoder, the difference values
associated with coefficient magnitude differences in quadrants Q2-Q4 relative to
quadrant 1 may be zero, and may be presumed as such without transferring any
information for the filter coefficients of quadrants Q2-Q4. The communication of
difference values for magnitude differences in quadrants Q2-Q4, however, may have
coding advantages by allowing the filter coefficient magnitudes of quadrants Q2-Q4 to
differ slightly from those of quadrant Q1.

[0085] FIG. 7 is a flow diagram illustrating an encoding technique consistent with this
disclosure. FIG. 7 will be described from the perspective of video encoder 50 of FIG. 2.
As shown in FIG. 7, video encoder 50 encodes a unit of video blocks (71), e.g., by

invoking prediction unit 32 to predictively code each of the video blocks. Filter unit 47



k=-K | =-L except k=I=0 [0080] Filter unit 47 may first

code the coefficients f(k,l) for which k=-K, ...,0 and
WO 20094089373 . , 0 and k or / are not both equal toPOI/UTI989/030468

nunmber of bits n needed to r:%resent the f(k,I) wth

| ar gest magni tude may be cod by filter unit 47 and

sent by video encoder 50, with each coefficient f(k,I)

oded.and. s usj. bi t.s , -
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have | arge anplitudes are the coefficients for

tmhmsohttuhtomodfer Kevace (75). sIneIwmularoerﬁrop?mnsodmg aniy 46 n@y generate

can be utilized to.further e .anount  of bit
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InffemneoATAst indRaes tRAHANGEZE RS edeffiéibht§land the difference values

coefficients can be dependent on values of k and / .

Aseonigil N\gthythe ﬁﬁrﬁen@h seHod filtor C@i‘fﬁ@}ﬂ%ed t 0 represent
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ansm

6@616§11r6| BIG. 8 \fzﬂlkbd desét@diedvﬁ’(brﬁ hhd<peréf)ectlve of, Ad@ndkcbderl60 of FIG. 3.
nbits may be used to send coefficients for
|5bﬁWR i FIE. Bolidees deodgin P seqsives pr wdadyngdn ggegicpged bitstream

&q??hfiﬁ@oﬂ %&&iﬁ uﬁﬂ n%j 'n‘fdare ﬁ%csode Qgtﬁls Jl—?rgeﬁségge&lerﬁe quantized

uce t Its ne
éodfﬁeents and fvammn;tystaxemhtas $)yem1r<ﬁt0|nysyn'ay apnd filep afednaion. Filter

e filter co fICI nts. For e
5?\%%@%@6 i Tpiormation, gad f?@@?@ﬁ% a é‘lff%tfsstr &En@éer&aﬁfé”@gﬂnts and

gl@érén):e VBN e 8ssbOhCRviiPa RE&oABTSE: off fidS LU (8§ Filter unit 47
unber of filter coefficients to be sent to about one

gwrat@r thofsetdndsset ohalktervawaffttiantheased se tb@ﬁrﬂe ecded filger cocfficients

of th coefficien ernatiyvel
B s e e Ve S T8y ity 2t IR i B afape coded
Bt baRADRAChe ks csaffitibng (89 STHED@E seéonldi det BF filter cocfficients are
coefficients to be sent to about one half of those

nefahempnlyas ia¢lheqdninste bestrraaddep feyelserrempressioh widdn the bitstream
Ina}r;bg r1rn§90ve{i Gi"hg g f‘?eﬁ%r%cgggﬁy]es h{llﬁtclaﬁlz)%tsg fe%?ﬁ%ﬂgﬁ%%ﬁé %%c%nd set of
filter coefficients, but given the first set of filter coefficients, the difference values can
be used to generate the second set of filter coefficients as described herein.

[0087] FIG. 9 is a flow diagram illustrating an encoding technique consistent with this
disclosure. In the example of FIG. 9, however, exact symmetry is imposed such that
difference values associated with magnitude differences are assumed to be zero for the
second sect of filter coefficients. In this case, the second set of filter coefficients can
beexcluded from the bitstream and derived at the decoder based on the first set of filter

coefficients and the known symmetry. FIG. 9 will be described from the perspective of

video decoder 28 of destination device 16 in FIG. 1.



hori zontal dinmension or vertical and horizontal

di nensi ons, difference values may not need to be sent,
whei0948937be presunmed to be zero for nmagnit udesPCIEg2009/030468

decodi ng device woul d recei ve an encoded bitstream

that conprises an encoded uni?4 of the video data

including a plurality of video bl ocks, and filter

BAFF T 00 SR 5 bl b i oo

aeendded Deit Rhdia drbttt ¥f ARG ddefihsits @QEeN@de@ RcoRE QBGgenerates
set of filter coefficients based on the first set

of
sqcpee petepfefiltpic peatticionty hasqd pr ar figsh sctaele BHadcqpfigignts 1apd known

Qi ApRn a6 ki, BASCAIRDALIAL I fhy DARERARISE S0 hat video

sydoret 2¥ imposcdp@stedt ayminkey emcthdefiiltert dmeffdnefnft@ demee the encoding
val ues _a i at ed m&th coefflc ent

BoPFSr S SeRdefudal hete @e@d@ oekseli e CP%edq%Hbaéﬁ@ oy the filter
BR¥fifEntE @ﬂ Wﬁﬁﬁ 1ﬁ@¥d@ﬁotﬁ’ HES HITR Skt %t%hné’lﬁ&&lqwthe bitstream and

transferri Information for the fil
theesk€ongl| Emﬂslt avfereq derdvedritased@n Q. fiffhected rﬁitsrn icaefticentsaind known
di ff erence val ues for magnitude differences in
JUAGFSht s Q@- 4, however, may have codi ng advant ages
089 {roWnIcdsBecdnslstt W@tﬁqflt}' G, tRObitSRAR bl ﬁﬁlLQfe a simple syntax
uadrants Q2-Q4 to differ sllghtly fromthose of

gql@@Gntaﬁud@s a[opodH] orFv@-bir ﬂag, 0 fnldmtedwhqh@rnperfect Symmetry was
|IIu LN Q SIS

ossg(:ij Img g}il Ogl&%eco%ﬁ’c % ts7 t‘ﬁ?l egfal%nsdgorrl E)]?taf dln%elg]lsmns such that
@ﬁi’eﬁe@leét\ialiﬁs @hayv bél pecsamedderbeSeeref Ihl tﬁs @ase Agided @akoden 28 can
FIG. 7, video encoder 50 encodes a unit of video
BleBéfysSynmstry er gon-syymehy drpssgom thedfle iapd ifisymmetrytezists, video

] F

LS UL GANR, LORG Pl Tt UBAFCIORE Tsedh h st st of filr
vocdia ik cmk She( K2jwn aydnieirly t(82)s Thoksown dgambtrgakay result in sign
based on the selected_ filter efficients (73). .Filter
e 11 dhe queeh See bl s ctoeBfap trﬁlratlﬁ?)eéf ik st et of flter
basgdc@p horizontal and/or vertical symetry relative
to a first set of filter coefficients (74), which may
[009D L dbe tdqlenige%enfahiis olscliuigi thdyeberrebzodah wegide orrictef devices or

second set of. filter, c ients indicati f )
v A shabeShine aoileRatadis ai bletraf Euit ficTor a set of 1Cs dic.
gl ised) eNAsy aRehpolient,i mdtuleetor Afnitsi hdver beReddstEbRNpovided to
Vi deo encoder 50 then outputs the first set of filter

@@Ehffsu@u fanetionghaspeple 2 fdoes antecagstaribsrogyire realizatigns by different
b orﬁptlgn can be transmtted to anot her device (75).
dwarc, unit
n-particul ar, entropy encoding unit 46 may generate

pO990OpAREErdigtys thceRohri Qs rdesdribgd ébidinpy bedeglcvicied in hardware,
bl ocks and entropy coded filter inforpation_ that
Py ABlsrEe £ Tragy corbingtion ithereql. obr fepRiresrdescralisd aspaodules or

?(}1{1 SteftiGh: })/ & elﬁéﬁtg& 'tc%teﬁlgr W Mqlnwg‘?atéc? ﬁ)%ﬂdde%%e &fseparately as

er ‘coerfici
discrete but 1nteroperable loglc devices. If implemented in software, the techniques

may be realized at least in part by a computer-readable medium comprising instructions
that, when executed, performs one or more of the methods described above. The
computer-readable data storage medium may form part of a computer program product,
which may include packaging materials.

[0092] The computer-readable medium may comprise random access memory (RAM)

such as synchronous dynamic random access memory (SDRAM), read-only memory



[0086] FIG 8 is a flow diagramillustrating an
encodi ng techni que consistent with this disclosure.
WO-2@9/0®30 | | be described fromthe perspecti veP@F/US1009030468

decoder 60 of FIG 3. As shown in FIG 8, video
decoder 60 receives a coded Wit in an encoded
bi tstream (81). Entropy decoding unit 52 may decode

itstre enerate uantlzed S8
i/arll\/@USnoély\ﬁ efatlle §UC rn ac % MEMaLy yn t aXMg p%arilgz erasable

?ﬁfnﬁfﬁ&‘bl@ ﬁreadFd)ﬂlgl &ﬁeﬂi@ﬂyt (EAE}H@V@I FEASHhﬁlefnlobt Qﬁagnetlc or optical
ormation, and identifies a first set of filter

é@@ﬁﬁraﬁeerﬁtﬂc&a aid the fiker dhe dcchalayes addidenal lxt erdalmqﬁwgly, may be
r t

R 380 Aol B RN L Ao b s o

comineichtcs Sbds ah thé fbrrhtcffr insoedftfong icendasa atrdctilee and that can be

dlfferen%f V@}ues eﬁ% Then, filter unit 47 filters
29caSSef et IOk sX SR DY AoqWMtslini t based on the filter
ng]; irhé €R4S ?41:)6 e@cﬁf&@ ms)gsnes &F %{Hiie 8dce®ord, 'sluEl?ras one or more

coefficients afe not the 'ves included in'th
tigttslt B@aah ptdvessossy €DSBS), cgmmalesmrpme vmtommodzdsmrs an application

bi t he di fference val ue
st CRerbLeifi (RAG T ield BeiamEbE Toite Fipy e PO, or other
@(ﬁﬁilérﬁ!lﬁt@%ﬁtedm%tdlgﬂré&@ ModiB @irfuif r?t ARbrdaigl fr'thé %rrn ‘processor,” as
coefficients, the difference values can e used to
g@déiemuemah acfoeioamy of e f@fegmngtsérmcwrfanmoéhﬂrastra@ure suitable for
PRI TS B enbBa S bttt S dh RUBUTH PR aspoces, the
funicBorhilise Hesstibed hémirt ﬂﬁy Q%Wlde@ﬁwltﬁlrﬁdecﬁcatéwﬁﬁ%%re modules or
exact symetry i s inposed such that difference val ues
haydwarcanedrle @ﬁﬁﬁrﬁr@ﬁuf@w@owg ped deredingapieingeiporied ing combined
|
p%e& %fé%sdgp 8?@'8% g@% of lsoof ftl%cf e%llgﬁa%ege?ﬁdcl%eﬁlt é/simgié?nented in
meenQMMdedcﬁmwmﬂbgeebnmﬁﬁyean1and derived at the

based on e first set of filte oefficients
ﬁﬁ‘é?} ﬁfréﬂﬂ‘nlﬁo%ﬁe%PdErE‘F ‘{’Scliqﬁiu@ hayejepn d B%“E%é ﬁ‘%&d‘n P&}ﬁf aspects
&QQWH@H%Q%&Sﬁ&@?&%deO demader 28 of destination
device 16 in FIG ] As shown in FIG 9, video
decoder 28 recelves an encoded bi t stream i ncl udi ng an
encoded unit and a first set of filter coefficients
(91). Video decoder 28 generates a second set of
filter coefficients based on a first set of filter
coefficients and known symmetry (92). In this case,
vi deo decoder 28 nmay be programed to know that video
encoder 22 inposed perfect symetry on the filter
coefficients during the encodi ng process. Video
decoder 28 filters the video bl ocks of the coded unit
based on the filter coefficients (93), which include
both the first set that was included in the bitstream
and the second set that were derived based on the
first set of filter coefficients and known symetry.



[0089] In sone cases consistent with FIG 9, the
bitstream may include a sinple syntax el enment, such as
w@2@nes4r: or two-bit flag, to indicate whet hePCPERI00030468
symetry was inposed on the filter coefficients in the

vertical and/or horizontal di#ensions such that

di fference val ues may be presuned to be zero. In this
case, video decoder 28 can F%ﬁﬂiéfy symetry or
non-symetry based on the F , and if symetry

exi sts, video decoder 28 can generates a second set of
filter coefficients based on a first set of filter

toef f Acnethed obgngoting videsdatas therraethod ¢apprisingie known

synmme i ; - : :
o 11 PIAl b | Bes g, FOBROER g L UPREZRP BB blocks;
filtesclaviabffilier esdfGcichtd @@ ltcTing thewbien bloels offthd tmisof the video
gisclosure may be realized in a wide variety of

A 08s or appar atuses, including a wreless handset,

and i gé&%&ﬁﬁ%ﬁﬁkf&bﬁ&Wa‘iue@ Lo cRbedawiBeh sQbnd §& oftheEHlterRoefficients
chip sSet). y conponents, nodules or units have been

biassd on bddstpeoof the flttcoeffpheds.ze f uncti onal aspects and
does not necessarily require realization by different
hardware units. [0091] Accordingly, the techni ques

descr ThemheRUfBlamY , RethePBdRpmMed i n hardwar e,
software, firmnare, or any conbination thereof. AnY
ter

f eat uresmitBigranisaecded bitsideane thabinchdapthadnstschelthol
LIRHSIRAL 68 L BRLISL. [, AN JoBtedrahed gk G dp vl e
Separately as di screte put interoperable Togic
cefiicess. | f i npl enented in software, the techni ques
may be realized at least in part by a
conmput er - r eadabl e nmedi um conpri sing instructions that,

en : r I
A R e S PR IR
vadal 3y menetdy @ opzorital G manctiymplaties toptho Girs setprf ddtec tqefficients.
whi ch may include packaging materials. [0092] The
conput er - r eadabl e nmedi um nay conprise random access
genor Yhé RAMbI9ehifg, SRR PRRYSIHYNAThCsdoaid QTG el R
menory (SDRAM), read-only nmenory(ROM, non-volatile
cafiicmtabeestormentst synfiiRAM gtivelte dterfirstadet ¢f feltasabifieients and a

AL BTTES e T e "ot MY st b ST &Y PTghy elative

ot Fieg R AyRer astdifidibmpal [y, or alternatively, may be
realized at least in part by a conputer-readabl e

conmuni cati on nmediumthat carries or conmmuni cates code

5.” the, %[g{ﬂoﬁfoficfé%g?%ier%gqsthS rﬁrﬁ LA Sl géegﬁgi%m% Wmprises
hat cah De accessed; reéad, and/ of execute y a
gprpdhRtely half of the filter coefficients and the second set of filter coefficients

comprises approximately half of the filter coefficients.

6. The method of claim 1, wherein the first set of filter coefficients comprises
approximately one quarter of the filter coefficients and the second set of filter

coefficients comprises approximately three quarters of the filter coefficients.

7. The method of claim 1, further comprising allocating different numbers of bits

to different filter coefficients in the first set of the filter coefficients.



[0093] The code may be executed by one or nore
processors, such as one or nore digital signa

WEe@eessny s (DSPs), general purpose m cropr oceRCDUS2008080468
application specific integrated circuits (ASICs),
field programmabl e | ogic arrays (FPGAs), or other
equi valent integrated or discrete logic circuitry.

ccor gi ngl the term ' processor, " .used her.ei

Pt or 1o atioda ST bhBISBIRS M0t eflikRS e DAL R whore
RahdICid hOrisetithiahl &eftithl ¢oTRRBRH brdthir0N tvad-dikehsional k-1 space, the
t echni ques descri bed herein. In addition, in_sonme _ . )
ashedifurthargempripiag aBpeating ¢ caead 1iuBdgr plbitsita fitgy copéficients in the
RE? X%t %? %6%469 'cgef?ig%k&Qﬁﬁ%olsfgiptoﬂﬁ 'Ec?lé gppéﬂsgﬁlteo{;ahtﬂe%ro‘}%foerelative
nodul es conti gure or encodirng and decodi ng, or
tonftloer pocfhicedtsiin tlee fietdet nfthe filde coctficionte thatlecoebpond to k and 1
( C). Also, the techniques could be fully
ORI EHI LI PHCIIHR & Omore circuits or |ogic el enents.
[0094] Various aspects of the disclosure have been
descri bed. These and ot her aspects are within the
8.copeTh¢ methedfodclapwilngheteai tins ud@it Af M8:video dataemippdepbne of a

di [ data,,.th t hod ' :
PR S T
plocvd Wrrinkl egks; selecting filter coefficients for
filtering the video blocks of the unit of the video

data; and generating difference val ues associated with

?O.S © anrg%tﬁ%# of {1]eecto|@1i%lg fVii etoec{at ¢ &%fr}clétﬁi c? Qotrﬁpr? 3 (:’:‘d on a

iTst se t'er coe clrents. met hod of

cl ai mekeivingrdnh@todeditsirsirmnghe bficddsdrbitdticat cmpeRigdatncoded
bitstreamthat includes the first set of the filter

Bib et the visise slatiriaclugiag gintyrakiey i idrea bleoks o948 deicatdarmition
SyFGRENL SR or R L4kt Cond LRIt by, G BF LR

sxmohd batio€ fitter dvatfécistes;t i cal symetry or hori zont al
symetry relative to the first set of filter
cpeffé%%gﬁgéﬁéﬂh“#ﬁﬁvﬁ%?h&HL%f claim1, wherein a

First o SidbaRl 18 sdebfd §86PNAcS@erRicrtdastd bh ®le first set of filter
coefficients have horizontal symretry relative to the
taafeicgeandthefdifferencecadifeli @ident s and a second subset

of the, second ,set, of .t fi.lter. coefficients have

Oert 1 BURTEORG R el prif Ryt viseh RO baskt SRIRARY e sgpond sets
6Pghdricob®Ricits. 5. The nmethod of claim 1, wherein the

first set of filter coefficients conprises

11. The method of claim 10, wherein the second set of the filter coefficients have

vertical symmetry or horizontal symmetry relative to the first set of filter coefficients.

12. The method of claim 10, wherein a first subset of the second set of the filter
coefficients have horizontal symmetry relative to the first set of filter coefficients and a
second subset of the second set of the filter coefficients have vertical symmetry relative

to the first set of filter coefficients.

13. The method of claim 10, wherein the first set of filter coefficients comprises
approximately half of the filter coefficients and the second set of filter coefficients

comprises approximately half of the filter coefficients.



approximately half of the filter coefficients and the
second set of filter coefficients conprises

wappeosidnat el y half of the filter coefficientsSPCBUSZNE030468

met hod of claim1l1l, wherein the first set of filter
coefficients conprises approxdthately one quarter of
the filter coefficients and the second set of filter
coefficients conprises approxi mtely three quarters of
the filter coefficients. 7. The nethod of claiml1,

fart hene sRMRdIoFcRgn ab] WE&tinnge it E&@rofmlteNtdddREiSnt® tomprises
bits to different filter coefficients in the first set

aprerEataly ey quagier of e dilescapfficrprds ard the decomdeptafrilter
. . c . ‘ B
e A e R D
Wi thin a two-di nensional k-1 space, the nethod further
onprising allqcati a great. nupber of. bits to
it e?ﬁwé%hpﬁa &fitre P pfterdFerntBRenspoints ol frst et of the
ARE! oo Rt Sark Rhro AL BTROM oh G iniRks dithisOl ut e val ues
of zero relative to filter coefficients In the first
set of the filter coefficients that correspond to k

d 1. _absol.ute L eat e an 0. .9. Th t hod
R o1 AR L B T3 8 Rinhe ik i s tra P 1)
GABRIK £RY a8 RorPon@il hkBVEticA cOMPERn®S withidtati@SdinRn$ibhat R-1
of a frame, and a subset of independently coded vi deo

pagekshangin i grcagernuarhet ofilpits anc ptadatnd to fliltgeeasdii¢gignty indide first sct

gﬁ%gifllttep goe?ﬁ ilglﬁgj thaf éﬁ)r{r Isécl)t? o K GAHhLINE aeS BF geqrg gelative C}o filter
I tStTeam ¢ encode IFtstream conprising an encode

toufficioits ihhe firgtaot afahafiltexcdodfiidightachpl coikpdnd totk avid d@bsolute

bl ocks, and filter information conprising a first set

walugs greder BaEdPci ent s and di fference val ues

associated with a second set of filter coefficients;

decoding the plurality video bl ocks; generating the

$econ@ihseicthotl of iclairarl 0cwkértincthe nhis obihs edtoconlatan@niprissd one of a

et of filter coefficients. and the difference val ues; :
AeIoF BIOUP PBICERE: Balttid TR apubet of Bdeopfigulicoded video

bRsedwARintaehd rst and second sets of filter
coefficients. 11. The nethod of claim10, wherein the

second set of the filter coefficients have vertica
relative to the first

mret.ry or hor,i zontal s tr
T nip ralt Lisk Bicen FES S Rt Y et o 1
10, wWAgfeRidhiva cbdihg lini® uk$ licodts 4 HEit SEMONEHSfataOthetu® of the
filter coefficients have horizontal symetry relative

vigee Hatafingluding e plugdlity jof viseo blosks;ispdent s and a
a filter unit that selects filter coefficients for filtering the video blocks of the unit
of the video data, and generates difference values associated with a second set of the

filter coefficients based on a first set of the filter coefficients.

19. The apparatus of claim 18, further comprising:
an entropy coding unit that generates an encoded bitstream that includes the first
set of the filter coefficients and the difference values associated with a second set of the

filter coefficients.

20. The apparatus of claim 18, wherein the second set of the filter coefficients have

vertical symmetry or horizontal symmetry relative to the first set of filter coefficients.



second subset of the second set of the filter
coefficients have vertical symetry relative to the

wo peognsses of filter coefficients. 13. The mnet POLUST009/030468
claim 10, wherein the first set of filter coefficients
conprises approximately half 2% the filter
coefficients and the second set of filter coefficients
conprises approximately half of the filter
coefficients.14. The nethod of claim 10, wherein the

pi.r st TEehppatathd bt @4inCIse wfhic£dire i fFisst GOIERT 6f3BS second set of the filter
apprOX|nater one quarter of the filter coefficients

errdii¢ipys Savcomyizental Hrmmetry elativgde thedirsiics ol cpefdisionts and a
t I

gegg %(%t{ggtnotque %eg&?(?%eq U?{hteq{l% géefhplglllt];sn h%%efe{;evt\}%%arl é}lrﬁmetry relative

i thé €re et dfifllteecosfBatfitsci ents in the first set of the

filter coefficients are represented by different

nunbers of bits. 16. The nethod of claim 15, wherein

M‘ e firht §1%pa9291§§‘ b8 c%lﬁlnfiss whefeiflgl 'fﬁ?t‘%e@&f fi1tds chori \M%ﬁfs%ohlprlses

and lare horizontal and vertical conponents wth
appooxiimathg hdhaf thk filtes padicicnth endeth@ secapdesatt &ifilfen nb@“ﬁcmﬁts

bits.are allocate fficients in the first
b Enlor PRRUF Sl r e eSO BHEISL ot espond to k. or
labsol ute values of zero relative to filter

coefficients in the first set of the filter ' '
edef f The epnagateseficlaior Fe syheradn the fiestaabolifais epeffieicntslcgaprises

%Ha?gm% etl%s ng il?aqﬂt%r %1;' t?le g T‘rteF comf%ﬁmgrg[s gnd &16 aslecm :(ll etf ovi‘}el{e?l

Ses one

e FhEcmt cinpiiss approalrﬁdtelgeh@é qaarferr@@ﬁhe aiittér @eﬁfﬁd&aﬁﬁ. of
i ndependent|y coded video blocks within a frame. 18.
An apparatus that encodes video data, the apparatus

gﬁ:‘?r *l“ﬁé Q}%Jaraﬂusp&eﬂ difit 18\/%1}1%%% g HY ﬂmtt Qﬁ‘(‘ica?gcﬂ egrtérg%umbers of

Vi deo ata e unit
bincloudiffergntafilpdr woelficieyitsah tha filsoschbbibk Siltcaostfcibmntkt er
unit that selects filter coefficients for filtering
the video bl ocks of the unit of the video data, and

gener ahes, Ak f s enga xa I\x%%?elﬁﬁr%(iﬁie?hﬁﬁ d¥iddd 1R BRGUBEfficients as
set of the filter coefficients based on a first set of

t(kgd) Where &rand d efef iarizentiabandigrtichh eorappantstwithinf tebalimensional k-1

th t di Lt th ) )
eter ok SR sl & SRS R Pulbn S Fiigpe n
aRtfir@fsct b@hé filtbedoceRedtd Gabstriespsid thkerdiabiiteReRes of zero
val ues associated with a second set of the filter

rbafveite ﬁétﬁlt epcfipaentyiethe ppdseitaf shofiltericapfiicirsts thtfeearspond to k
LB RSSO SRS oPlardfan Ik €r coefficients have

26. The apparatus of claim 18, wherein the unit of the video data comprises one of a
frame, a group of pictures, a slice of a frame, and a subset of independently coded video

blocks within a frame.

27. The apparatus of claim 18, wherein the apparatus comprises an integrated

circuit.

28.  The apparatus of claim 18, wherein the apparatus comprises a microprocessor.



vertical symmetry or horizontal symetry relative to
the first set of filter coefficients.21. The apparatus
w@00i0883m 18, wherein a first subset of the sePORUSHEY030468

of the filter coefficients have horizontal symetry
relative to the first set of ¥ Iter coefficients and a
second subset of the second set of the filter

efflc:lents vertic try relative.to .the
FO7LE AGBPRnP BAE YL Fibe TR bR ElonSis et 1

cl ai my 48t thalh Biceives ﬁlh@ld‘odécﬁbltﬁl%hmoﬂlefehbd(&ﬂ b@t@teéafm EdrBprising an
conpri seg ETElprom mately half of the filte
B

ensefled vl ¢ aiflgordnie iseuding agdyralyfy of jvidee rleCéiéf%‘nFiéil'@ﬁt s
I ofé@{a'ﬂ%ﬁ %Oﬁgﬂgl% aqﬁ%‘%leyofl}ﬁ{eg cgéfﬁgllfgﬁts ahh tdﬁfieéence Values a55001ated

I cl ent apparat us
btk afsiecaid sete(bfﬁiferfcbéﬂﬁerentspef ficients conprises

approxi mately one quarter of the filter coe cients
and ¢ hercisciahamy da! decades theruakepidsodipdse %‘ijri ses

appr oxigfyaf ﬁilythﬁtt‘ge%@ra%QHé &cdnPlet tohﬁlt&‘ éoteﬁfcwnts based on the first

coefficlents. . apparatus of claim 18, wherei
sdtef fiitbrt c@leffmmtts aid tfhc diffscriicfvilicennd filtebehs dafodbd p1$1retlrby of
different. filter eff|C|ents t. set of the
fices BloSRefutsed b D051 oS el SOFieR S m 24
wherein the filter unit defines the filter
coefficients as fﬂk,l where k and lare horizontal and
%r ti &he ambmeﬁﬂ ymu%, miherean theomditha wedeovea thaentoded bitstream
the, f nit e [

n]grgsresg g%t??pgl 1%n1t tPatI etnttrgp%o Iesi‘ Ihg%) tgt ea%lﬁoié gta %e t% glutrahty of
oﬂ‘deé bR ckd didehe €ittef nfarharibs. t hat correspond to k or
labsol ute values of zero relative to filter
coefficients in the first set of the filter

ef f il : :
Sl Bl ORGSR IR BTSN MG v
whrecdispmifeerywnihbrigdntdl sgmwctigacdatratocthafirdt seof diter odefcients.
frame, a group of pictures, a slice of a frane, and a
subset of independently coded video bl ocks within a
&3, a”eThQpraTeH&s SRNaRAIN S HREeifh FrsdiGet YNRE §éc6n8 E‘& of the filter
apparatus conprises an integrated circuit. .
epnibeiants baof halzantal s@meeraddtivett dleaﬁ:rpfaaeaofiﬁlt@@nwcmss and a

Shabhf SRETTRERGo G SR RRERR So R e P gy rlative

ﬁﬂh@ﬁ@@@&(bfbﬂkﬁ&d‘&ﬁﬂbmghe encoded bitstream conpri sing
an encoded unit of the video data including a

plurality of video bl ocks and filter information
d? PP;T@% C%) tﬁﬁ 5f§clalﬁlei9 eéIlL {h%rfﬁgt S%I éeflcfgllﬁ g%gé?ftf @{éﬁts comprises

ipprogimacdehdlf of ®ptfister eoemﬁ@amt@ whdtheybidndtsbadf filRe dSicients

the plurality video blocks; and
comprises approximately half of the ﬁlter coefficients.

34. The apparatus of claim 29, wherein the first set of filter coefficients comprise
approximately one quarter of the filter coefficients and the second set of filter

coefficients comprise approximately three quarters of the filter coefficients.

35. The apparatus of claim 29, wherein different filter coefficients in the first set of

the filter coefficients are represented by different numbers of bits.



a filter unit that generates the second set of filter
coefficients based on the first set of filter
weomwbswsrents and the di fference val ues, and fPCT/ER209/030468
the decoded plurality of video bl ocks based on the
first and second sets of filt¥r coefficients. 30. The
apparatus of claim?29, wherein the unit that receives
e engoded hitstrea onQpri- S8S ent+-opy, uni hat
30t o Epfu o L8R, SRELTR (o SROAPRMH derbidfls
heiedd dridyl 28§ hotiZdaal BhdedtscaAREmbbgentd Witkih a thbafim@hdiennl k-1
31. The apparatus of claim29, wherein the second set
grace,ehoreip pegreatesarmber ahbiss gy pldocatadtp &idfer eqpimgienty inpthe first set
. . h . '
P ERRL SlorBIEY oSrfisBbid® L ISkl Bhual BE o slative to filtr
vdudfigems én fhicfgtt sstdfake fibér dobfics@cothdt @etesgdndithd ahid [l absolute
coefficients have horizontal symetry relative to the
YHPeSredder 8RN £57Pt er coefficients and a second subset
of the second set of the filter coefficients have
vertical symetry relative to the first set of filter
goef f Thé eprasatu3. claime2q pharcan the uoit of ithed vid@Odatavbengiises one of a
he first set. of filter coefficients c ri.ses .
bieoketie B DicRars i o Fime dpd 8 ohET BT BHETE Rl goged video
pRerWitkiata fmd i | ter coefficients conprises
approximately half of the filter coefficients. 34. The
apparatus of claim?29, wherein the first set of filter
effi,cients c 1 S pproxi mat el.y . one rter of t .
FET e o oM PRl e PRI pERE oBP o 1Rl Php SteckliBn in o
cded todihg & Ecconipe theeleiop kxicaBsd eldyo Uitk eehduarthemstradtions
the filter coefficients. 35. The apparatus of claim
cayse {fisefexicR Qi fferent filter coefficients in the first
set o ' fi.ci - A r . .
i 1 o SRe Ak BFncSaa . Yyl AR FARAEb Moo blocks:
35, whdeaeififtet dveffiditrite forddefihg dicente Eoeksadfthawadt @&he video
f(k, 1) where k and lare horizontal and vertica
g ents within a two-di nensional k-1 space, wherein
a gr eatREatO RO Vallbd Ss8¢ifte@MiMCGALBEhd Rt bf tht Hiter coefficients
coefficients in the first set of the filter
bavefl bhaifesttsst ofithe filtorqoeffpuerds.t o k or labsol ute val ues
of zero relative to filter coefficients in the first
set of the filter coefficients that correspond to k

39d 1ahsedripRevrthddic Se8RhEST AR E YMreidthe iddi@ictions cause the
apparatus of claim?29, wherein the unit of the video

deitier toepeipsas catepyfodgdbitaieam thaginglwdenthe dirstisgr efghe flter

i f r.ag d set . of | tly C d
S e B RSP
cediicishteonpri sing i nstructions that upon execution in
a
40. The computer-readable medium of claim 38, wherein the instructions cause the
device to allocate different numbers of bits to different filter coefficients in the first set

of the filter coefficients.

41. The computer-readable medium of claim 40, wherein the filter coefficients are
defined as f(k,l) where k and | are horizontal and vertical components within a two-
dimensional k-1 space, wherein the instructions cause the device to allocate a greater

number of bits to filter coefficients in the first set of the filter coefficients that



vi deo codi ng device cause the device to encode video
data, wherein the instructions cause the device to:
wepwoMs3za3s unit of the video data, the unit i ncPCHUSZPOR030468
plurality of video blocks; select filter coefficients
for filtering the video bl ock¥® of the unit of the
vi deo data and generate difference val ues aSSOCIated
ilter cien

th ff
X\ArFespgt% qfa%§%%te fvlafute%P ZgQ ]reflatlveetﬂ tfdlltelr tf?lﬁlﬁl?ts G0thS Nirst set of

the ek eéefﬁa@ﬁit@ tetho comebpond &f k eAdl ABsSIBte WAles @rdhtdrhilan zero.
i nstructions cause the device to generate an entropy

coded bitstreamthat includes the first set of the

jalten c%ﬂﬁ)fuﬁér (}h?ﬁf%f% Iﬁ‘&gudxwagm%h%ﬁlg rlj]rgs'ﬂ%?'ﬁic}(ﬁe%lrtﬂﬁsupon execution in a

assocl at e second set "0

cided todingdedce dse theelccompuldende erdabihte, wikdtinrthoinstructions
cl ai (g wherein the instructions cause the device to
%?F%g%t VEEf®erent nunbers of bits to different filter

coef f | £LigBLS eh&)d%ﬁ‘ %1t§tlrera§ﬁ tl?eeéncggledtﬁ]%trgéﬁl tc@ﬁlprl%n% an encoded unit

coefficients. . The conputer-readabl e ned

of the mde0 ,datMW,acrledmg tamnéurahﬂytoé videodf ddks,i amdtfgtea nﬁomirm‘tlion @dmprising
as f(k,|)..where.k hori zontal and,verti

B B ot b FfalsiodS fud fifecter SRER #oatafa bah ' filing gt of fiter
thertipgtructions cause the device to allocate a

greater nunber of bits to filter coefficients in the
f|rstdg@ﬂeﬁﬁIﬂW@hﬁWWd@xbe%ﬁf|C|ents thatcorrespond to

k- or 3161339 teeseé/ al us%? ofofgl%er f?ff ase%d (?1} Cthe 'ﬁr§t%et of filter

coeff50|en S |n

mﬁélbﬁsem&etdﬂfa&reﬁw«aa&@m to k and 1absol ute vaI ues
greater t han zero. nput er - r eadabl e nedi

conpr fi¢rige ﬂ@f@@%@hwﬂx Of }’\1&?0 bissks kased op ﬂ@rﬁristrﬁné seméléets of

Qhﬁgf (£e cause the device to decode video data,
ereln t e instructions cause the device to: receive
an encoded bitstream the encoded bitstream conprising

ded unit of .the video. data jncluding.a )
%f ur aﬁﬁ? GOTRRULGH- @é%abﬁy Betym ofiflpipy 4% gfhereiy @?ﬁ?ﬁ%ﬁt Giffer coefficients
GORP kS k0D rand filkSicosBicidls dé FpptschRgbl 'dﬁ‘f&éﬁtsnu%grs of bits.
di fference val ues associated wth a second set of

filter coefficients; decode the plurality video

R RS R N A S
géfffearas A&kE) WAbiaSindange horizontal and vertical components within a
two-dimensional k-1 space, wherein a greater number of bits are allocated to filter
coefficients in the first set of the filter coefficients that correspond to k or 1 absolute
values of zero relative to filter coefficients in the first set of the filter coefficients that

correspond to k and | absolute values greater than zero.

45. A device that encodes video data, the device comprising:

means for encoding a unit of the video data, the unit including a plurality of
video blocks;

means for selecting filter coefficients for filtering the video blocks of the unit of
the video data; and

means for generating difference values associated with a second set of the filter

coefficients based on a first set of the filter coefficients.



filter the decoded plurality of video bl ocks based on
the first and second sets of filter coefficients. 43.
wWab@oosasput er - r eadabl e nmedi um of cl ai m 42, wWheP&I/0S2009/030468
different filter coefficients in the first set of the
filter coefficients are repre¥ented by different
nunbers of bits. 44. The conputer-readabl e nedi um of
claim43, wherein the filter coefficients are defined
as f(k,I) where k and lare horizontal and vertica
geNpomeaieyivd dfhilaima 3, artidi semptianal k-1 space, Wher ein
a greater nunber of bits are allocated to filt
coef f MepfOE trppnyifigfanregpodsd bitsreann that jnctudes the first set of the
L
e ol 1AL (LR ARG L olia O o ARt B B ik
sefffidtntshe filter coefficients that correspond to k
and labsol ute val ues greater than zero. 45. A device
that encodes video data, the device conprising: neans
fpr e‘i‘ﬁ@@éxﬂ&e é’fdl'zﬁhMSOffm’tﬂé? cc\!ﬂlgﬁﬁngat a, the unit
including a plurality of video blocks; neans for
sel ecticatp foi hl@aticg élffferémt enmber’s of bits fot ®fferegt file cocdeents in
| gcks of .the unit .of the video data; and neans for
8@3@$§F¥Wghﬁﬁ#@éF@ﬁ%%mﬁﬁlues associated with a second
set of the filter coefficients based on a first set of
the filter coefficients.46. The device of claim45,

#r t héhe é@ﬁ?ﬁr ¢fsq'laigl 4Tredneeif de ﬁlteaﬂ@qfﬁciﬁntﬁ gf%fi\?ﬁélﬂ@ ogél.) where
P'a}l #ar% or1 gn%l AN H{jcgls { heonfentrs S\’x;lt two d}nllqglsm dke S e,
coe I ClI en S an ﬁ (f rence va ues asSSoCl a Raﬁ

@hs&ﬁﬂﬂﬁdatﬁﬁfbr zﬂfochﬂﬁ% flidchtes a geatdr nameei o bitd fo ﬁ'IEB[ecoefﬁcwnts in
device of claim45, further conprising: neans

thieifataet ofghelfiteregashicienintbat coreepasidite ktqs 1 gbsorlese evﬁkues of zero
r [ t
{:écl)elé[\gvglt% I‘I}lgtglf ésde (‘g&{t%ﬁfetﬂ% rggs:% (s:éet og ?ﬁ ﬁl%r cS%ﬁﬁc[%\?\l}] thét c%{‘re ond tok
fnd It dbsoloeefaucsigents tikmezedef i ned as f(k, ) vvher e k and
lare horizontal and verti cal conponents within a
t wo- di nensi onal k-1 space, wherein nmeans for

a9 | ocatNtedhdt QEXH RS vRIcH 'Ei%t @E JBHEDESm t s to
filter coefficients in the first set o the filter

coef f mchmros rachiaingooranesolrdtstreark, the ciaidsd busteamalongsising an
he fi

Sty S8t i MG RucrelhEnefoliehicT Sk g iRt
AifsknkRib R ObmbasiMAk YRS sBif STHIRY cbdTHBicABRAd difference values associated
with a second set of filter coefficients;

means for decoding the plurality video blocks;

means for generating the second set of filter coefficients based on the first set of
filter coefficients and the difference values; and

means for filtering the decoded plurality of video blocks based on the first and

second sets of filter coefficients.

50.  The device of claim 49, wherein means for receiving comprises means for
entropy coding that entropy decodes the bitstream to generate the plurality of video

blocks and the filter information.



49. A device that decodes video data, the device
conprising: nmeans for receiving an encoded bitstream
W@ b@esisadied bitstream conprising an encoded uPGCT/US$009/030468

the video data including a plurality of video bl ocks,
and filter information conpri¥ing a first set of
filter coefficients and difference val ues associ at ed
é\ﬁegg d?‘lﬁ gézxﬁcged% | élmloélbt, fwlhlelttegﬂeg?%(fefnft Ilf(“?tlere gge%ﬁmgt?? ﬂlsthg Alst set of the
ﬂﬂél&fo@fﬂdi@ltiﬁerétﬁ@s%ﬁﬁtdfb@tdlﬂ’éreﬁﬂ dunffereofifsi Ci ents based
on the first set of filter coefficients and the
di ff erence val ues; and neans for filtering the decoded
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fferent filter coefficients in the first set of
mdfﬁeﬁnts oefhtiftstent of the Sltersqoetpemtediatgorespdndrte ftand 1 absolute
nynber s of hb|t 52. The device of claimb51, wherein
Yﬂgesfgrﬁt%rrt &5&fPi cients are defined as f(k, 1) where k
and lare horizontal and vertical conponents within a
t wo- di nensi onal k-1 space, wherein a greater nunber of
bits Ardevisclcomrisigt o filter coefficients in the first
?.ZEJSS% B{erea?c\tlg ﬁé@n% ]118 Zehral(t)grl}ceolra%% a unlff‘{)f H2N (fe%%%% the unkt otthe

cided tateieiding mptdaﬁltizlofsidesetocﬁi t he f| | ter
coefficients that correspond to and labsol ute val ue
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Yabras mes 06ttt Whil hei gty A6ts a@gocial't‘éad \i/itil 1,8Econd set of the
coefficients based on a first set of the filter

tbefdociceants; and a wireless transnitter that
transmts an encoded bitstreamthat includes the first
set of the filter coefficients and the difference

98l UeTh@aSAEd M @m¥ 3, RvhdresemenidvieetompriidR@ wikd1¢8communication
1?o%f ftl cients.
andse

55. A device comprising:

a wireless receiver that receives an encoded bitstream comprising an encoded
unit of video data including a plurality of video blocks, and filter information
comprising a first set of filter coefficients and difference values associated with a
second set of filter coefficients;

an entropy coding unit that receives the encoded bitstream from the wireless
receiver and decodes the bitstream to generate the plurality of video blocks and the filter
information;

a prediction unit that decodes the plurality video blocks; and



54. The device of claim53, wherein the device

conprises a wreless communi cati on handset. 55. A
WQ@I2uno893CHNpri sing: a wirel ess receiver that rRPCEUS®89/030468

an encoded bitstream conprising an encoded unit of

video data including a plural}ty of video bl ocks, and

filter information conprising a first set of filter

g gig;% %Iltgl{] ltmsltf t%?td etgllgltaﬁ n?e%g Y l’fl e% ﬁﬂgrsco G| 1enCés baga&‘ Hn the first

S o fitthadocfRe@ity a8 thi ﬁlf%ﬂé‘&@ Qidlulés taﬁﬂ lﬁ@t@ﬂhé ﬂ&fﬂebdit%d plurality of
wirel ess receiver and decodes the bitstreamto

Hdaeblocks based pn thedist apdgeceddets afifidiekcocificicnthe filter
information; a prediction unit that decodes the
plurality video bl ocks; anda filter unit that

fener Ahesppareuseiodaich Setwhefeid thetderice oefmprisisentiscltsased
on the first set of filter coefficients and the
eRPEpisAiRn RS, and filtering the decoded plurality
of video bl ocks based on the first and second sets of
filter coefficients. 56. The apparatus of claim 55,
fher eArm¢thed deddcoding ondeoidetss the mdthed espresomgruni cat i on
handset.. 57. A ne ata, the

ot hotFetshg I an G Bl Shroged bgeB Bl npgoded
emneocad viich %faqaﬂh&ﬁgﬁrpl&hﬁ@ ARIROBUSIRE, dAQiflltcPinfbidation
video data including a plurality of vi deo bl ocks, and
eomprasing o fiest peftof ditfee ¢ignteig a first set of filter
coeff|C| |.urality video bl ocks;
genera?lngg%hegggﬁgy Fégﬁ)g|lter coefficients based

on t hgeretdtinly aseton@lf sct of filedr coofEicfontitRRddSon b dirftiskt crfilieg
the _decoded plurality of video bl ocks based on the
feafbeicnipcpndecond sets of filter coefficients. 58. The

et hoﬁlt@l‘fl rgtjh@ 'd&o%gd Mﬁ{tg lHf Vfdgg bfso%ﬁﬂ)]%e& 85 tﬁ)ef ﬁrfsf 41 desrecond sets
coefficiens Nave Verti symetry relative

of filsdr coefificahts i | t er coeff|C|ents 59. The nethod of
claim57, wherein the second set of filter

coefficients have horizontal symetry relative to the

58 1 st TREMeod o lafih 590RhELRI 1RO E&on@ Qet o-f@i@cef‘r@demgerﬁg have
cl'aim 57, wherein the second set of fi

E@’af:éhsgmarwts( rhlatrec to the first set of filter coefﬁ01ents

59. The method of claim 57, wherein the second set of filter coefficients have

horizontal symmetry relative to the first set of filter coefficients.

60. The method of claim 57, wherein the second set of filter coefficients have

horizontal and vertical symmetry relative to the first set of filter coefficients.

61. The method of claim 57, wherein the bitstream includes syntax that identifies

symmetry between the first set of filter coefficients and the second set of coefficients.

62.  An apparatus that decodes video data, the apparatus comprising:
a unit that receives an encoded bitstream, the encoded bitstream comprising an
encoded unit of the video data including a plurality of video blocks, and filter

information comprising a first set of filter coefficients;



hori zontal and vertical symretry relative to the first

set of filter coefficients. 61. The nethod of claim
WGZ009088rEi n t he bitstreamincludes syntax thaPCT/US2009/030468

identifies symmetry between the first set of filter

coefficients and the second s¥t of coefficients. 62.

An appar at us that decodes vi deo data, the apparatus

conpr|S| [EGS |v 3 encoéggﬂbltstrean]

the ehBisaRsepdpy 8%%%%% sy ng PRl SRS I i

the vigaer ¢at fai gepkratisngedorl ddt é‘ﬂ filket coéffi¢icdBMaddsikehe first set
and filter information conprising a first set

of filtercogidisiontse prehiibers therdegpdadi nherabydfrvgdagrilecks %ated on the first
gﬁf$93§1&: 1ﬂh&g@g&¥¥wgﬁdeo bl ocks; and a filter unit

enera es a second set of fllter coefficients
based on the first set of filter coefficients, and

filters the deco urality of vi cks

Ghe fThRSEPRAfISE ?HHl é?et"életf’fm fheise %ésteqfl flte enit gcweé%
B B PRI Ao @ poltive o
therfrsttseyof fdterlgoeffizentsal and vertical symetry relative

to the first set of filter coefficients. 64. The

apparatus of claim 62, wherein the bitstreamincl udes

sy Nt axhé Bsfardtesrtdifihes, SHHRFEA e ek vee [hchﬂi@s EyritS tha€lentifies
of filter coefficients and the second set of

pyemfin betesn thegirstmgtolHfpracaetlisicofs ant ghawosond sehef edefficients.
the apparatus conprises an integrated circuit. 66. The
apparatus of claim62, wherein the apparatus conprises

65.M CTRPEMREISOSE clfih 620\ whewiE theappRatus icogprisBansntb@ated
rece|V|ng an encoded bitstream the encoded bitstream
e&k i si ng an encoded unit of the video data including
a plurality of video blocks, and filter information
conprising a first set of filter coefficients; neans
6@r dEhodpragttihel qdior @&, wthgroim theappiratk spmpEss rheroprocessor.
generating a second set of filter coefficients based
on the first set of filter coefficients; and neans for
filtering the decoded plurality of video bl ocks based
on the first and second sets of filter coefficients.
68. TAeleggeicompobingl ai m 67, wherein the second set of

G HIEE R LT T E AT -
tfroded unit of the video data including a plurality of video blocks, and filter
information comprising a first set of filter coefficients;

means for decoding the plurality video blocks;

means for generating a second set of filter coefficients based on the first set of
filter coefficients; and

means for filtering the decoded plurality of video blocks based on the first and

second sets of filter coefficients.

68. The device of claim 67, wherein the second set of filter coefficients has
horizontal symmetry, vertical symmetry, or horizontal and vertical symmetry relative to

the first set of filter coefficients.



the first set of filter coefficients.69. The device of
claim67, wherein the bitstreamincludes syntax that
WO d@ansfres synmetry between the first set of PECT/U82009/030468
coefficients and the second set of coefficients. 70. A
conput er - r eadabl e medi um conpti si ng i nstructions that
upon executi on cause a decoding device to receive an
BC00e i (ST SugRTE D P TS SR Bl fes

SfmmbEe Bethlco ﬂ&,ﬁrﬁtﬂﬁt off fliltce rcocﬂﬁiﬁiéhmtnd@lﬂb S’e@@ﬁlf de8 bNebedficients.
first set of filter coefficients; decode the plurality

vi deo bl ocks; generate a second set of filter

ef fi,C
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symetry hori nd vertical symetry relative
aﬁnnh@(ﬁﬁﬂgtaséﬁmommflIter coefficients. 72. The

conput er -.r eadabl negi f claim70, wherein the
bitsté%@ﬁ?ﬁﬁdﬁﬁaggrg%ﬁgécfhat identifies symetry
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second set of coefficients.
cocfficients; and
filter the decoded plurality of video blocks based on the first and second sets of

filter coefficients.

71.  The computer-readable medium of claim 70, wherein the second set of filter
coefficients has horizontal symmetry, vertical symmetry, or horizontal and vertical

symmetry relative to the first set of filter coefficients.

72. The computer-readable medium of claim 70, wherein the bitstream includes
syntax that identifies symmetry between the first set of filter coefficients and the second

set of coefficients.



