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information and occupies the least bandwidth (lowest bit rate for the video) and
enhancement layers offer refinements over the base layer. Most scalable video
compression technologies exploit the fact that the human visual system is more
forgiving of noise (due to compression) in high frequency regions of the image than
the flatter, low frequency regions. Hence, the base layer predominantly contains low
frequency information and high frequency information is carried in enhancement
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enhancement layer frame is lost, then data representing another frame, such as a base
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blocks, and the apparatus includes a determiner to determine boundary strength value
associated with the first and second blocks, aﬁd the denoiser denoises the first and
second blocks by using the determined boundary strength value.

[0010] An apparatus for processing video data is provided. The apparatus includes
means for interpolating video data, and means for denoising the interpolated video
data. In one aspect, the interpolated video data includes first and second blocks, and
the apparatus includes means for determining boundary strength value associated
with the first and second blocks, and means for denoising the first and second blocks

by using the determined boundary strength value.
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[0018] FIGS. 6A and 6B are flowcharts illustrating examples of processes for

determining boundary strength values.
[0019] FIG. 7 illustrates an example method for processing video data.
[0020] FIG. 8 illustrates an example apparatus for processing video data.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[0021] A method and apparatus to enhance the quality of interpolated video,
constructed from decompressed video data, comprising denoising the interpolated
video data, are described. A low pass filter is used to filter the interpolated video
data. In one example, the level of filtering of the low pass filter is determined based
on a boundary strength value determined for the interpolated video data and

neighboring video data (interpolated and/or non-interpolated). In one aspect of this
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overall operation of the example decoder device 110. One or more elements may be

added, rearranged or combined in decoder device 110. For example, processor 180
may be external to decoder device 110.

[0024] Figure 2 is a flowchart illustrating an example of a process for performing
denoising of interpolated video data to be displayed on a display device. With
reference to Figures 1 and 2, process 300 begins at step 305 with the receiving of
encoded video data. The processor 180 can receive the encoded video data (such as

MPEG-4 or H.264 compressed video data) from the network 150 or an image source
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compensated prediction) where a motion vector and residual error are transformed.

Details of the decoding acts of step 310 are known to those of skill in the art and will
not be discussed further herein.

[0027] Process 300 continues at step 315 where the decoded reference data is
interpolated. In one example, interpolation at step 315 comprises interpolation of
motion vector data from reference video data. In order to illustrate interpolation of
motion vector data, a simplified example will be used. Figure 3A shows an example
of motion vector interpolation used in step 315. Frame 10 represents a frame at a

first temporal point in a sequence of streaming video. Frame 20 represents a frame at
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missing, e.g., due to data corruption. Spatial interpolation of features 65 and 70 that

are located near the missing portion 60 may be used as reference portions to
interpolate region 60. Interpolation could be simple linear interpolation between the
pixel values of regions 65 and 70. In another example, pixel values located in
different temporal frames from the frame containing the missing data, can be

combined (e.g., by averaging) to form the interpolated pixel data. Interpolating
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[0032] An example of denoising at step 335 comprises using a deblocking filter, for
example, the deblocking filter of the H.264 video compression standard. The
deblocking filter specified in H.264 requires decision trees that determine the activity
along block boundaries. As originally designed in H.264, block edges with image
activity beyond set thresholds are not filtered or weakly filtered, while those along
low activity blocks are strongly filtered. The filters applied can be, for example, 3-
tap or 5-tap low pass Finite Impulse Response (FIR) filters.

[0033] Figure 4 is an illustration of pixels adjacent to vertical and horizontal 4x4

({744

block boundaries (a current block “q” and a neighboring block “p”). Vertical



[0032] An exanpl e of denoising at step 335 conprises

using a debl ocking filter, for exanple, the debl ocking
woi2bdemoonai t he H. 264 vi deo conpressi on st andar #CT/TiS2006/008946

debl ocking filter specified §n H 264 requires decision

trees that determne the activity along bl ock

boundaries. As originally deslgned in H 264, block
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datat lhentanededt oratdrivedad, delmerel aiten-cdded eegoms alecgenerally filtered

r houpdary st r(flagt hs result in
mo e eavily than ifiter-coded portions. Other parameters affecting the boundary

strength measurement are the coded block pattern (CPB) which is a function of the
number of non-zero coefficients in a 4 by 4 pixel block and the quantization
parameter.

[0035] In order to avoid blurring of edge features in the image, an optional edge
activity measurement may be performed at step 325 and low pass filtering (at the
denoising step 335) is normally applied in non-edge regions (the lower the edge

activity measurement in the region, the stronger the filter used in the denoising at step



hi gher levels of filtering (e.g., nmore blurring).

Paraneters affecting the boundary strength include
woanmicre32and/ or cont ent dependent situations, BATWSa®6/008946

whet her the data is intra-cagled or inter-coded, where

intra-coded regions are generally filtered nore
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is indicative of video inmages that are stationary
strength may be set higher than for the case in Figure 5A. In Figure 5C, the reference

blocks 81 and 83 are apart from each other (non-neighboring blocks). This is an

indication that the images are not closely associated with each other and blocking
artifacts could be more severe. In the case of Figure 5C, the boundary strength would
be set to a value resulting in more deblocking than the scenarios of Figures 5A or 5B.
A scenario not shown in any of Figures 5 comprises reference blocks 81 and 83 from
different reference frames. This case may be treated in a similar manner to the case
shown in Figure 5C or the boundary strength value may be determined to be a value

that results in more deblocking than the case shown in Figure 5C.



between the interpolated frame 75 and the reference

frame 80. In this case, the boundary strength may be
weebosless2s0 t hat the | evel of denoising is | owPCliUS2006/008946

Figure 5B, the reference blggks 8 1 and 83 are

over | apped so as to conprise comon video data.
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example shown in Figure 6B assumes that the motion vectors point to a forward

frame and a backward frame as in bi-directional predicted frames. Those of skill in
the art would recognize that multiple reference frames may comprise multiple
forward or multiple backward reference frames as well. The example looks at the
forward and backward motion vectors of a current block being interpolated and a
neighboring block in the same frame. If the forward located reference blocks, as

indicated by the forward motion vectors of the current block and the neighboring



strength is set to two at step 417, otherw se the

boundary strength is set to three at step 419 In this
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i nterpol ated video data, and on the nunber of notion
above. The boundary strength may be determined based on content and/or context of

the video data. Also, the boundary strength may be determined based on whether the
video data was interpolated using one motion vector or more than one motion vector.
If one motion vector was used, the boundary strength may be determined based on
whether the motion vectors are from neighboring blocks of a reference frame, from
overlapped neighboring blocks of a reference frame, from non-neighboring blocks of
a reference frame, or from different reference frames. If more than one motion

vectors were used, the boundary strength may be determined based on whether the



vectors per block. O her nmethods may be used as woul d

be apparent to those of skill in the art. Determ ner
wores®Iszth as boundary strength determ ner 16BCTMS2006/008946
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the decisj.ons trees shown i.n. Figures 6A a B. [0040]
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Figure 8 shows an exanpl'e apparatus "800 that may

itwgmve‘m &dr exaneple.r datg unstanation$) abnizbhds Anfamation, $6ls, bits,
conpri se n_interpol at 81 nd denoi ser 820, The

SRR or i SfoesBey B bF HiltreRtibibug ol dheiaios e dseprpfien may be
deiedeaRl b§ B IATRY, dﬂl@ﬂ%ﬁ!s?cﬁe&ﬂﬁndgﬂ%ﬁtrbggé{%}e Iﬁltggaﬁlg ERIHAL Barticles,

as described above. [0042] The e
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woul d understand that T nformation and
components, blocks, modules, circuits, and steps have been described above

generally in terms of their functionality. Whether such functionality is implemented
as hardware or software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from the
scope of the disclosed methods.

[0045] The various illustrative logical blocks, components, modules, and circuits

described in connection with the examples disclosed herein may be implemented or
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person of ordlnary skill in the art to make or use the disclosed methods and

apparatus. Various modifications to these examples would be readily apparent to
those skilled in the art, and the principles defined herein may be applied to other
examples and additional elements may be added.

[0048] Thus, methods and apparatus to decode real-time streaming multimedia,
utilizing bit corruption flagging information and corrupt data, in a decoder
application, to perform intelligent error concealment and etror correction of the

corrupt data, have been described.



exanpl es di scl osed herein may be enbodied directly in

hardware, in a software nodul e executed by a
wonrem@IsL, or in a conmbination of the two. A BOTM&2006/008946
- - nodul-e- ray -resi-de~tn RAM nepory, flash nenory, ROM
menory, EPROM nenory, EEP menory, registers, hard
di sk, a renovable disk, a CD-ROM or any other form of
storage nedium known in the art. An exanpl e storage
mediumis coupled to the @k8&MSsor such that the
processor can read information from and wite
information to, the storage nedium i the alternative,
t he $t ox agehodastipidocssiyg Yided ditePoalprisimgt he processor.
The processor and the storage nmedium may reside in an
Appl i cat ilBtErPoRimgrideodgasgidit ed Circuit (ASIC). The
ASI C may | | . ] em In the
al t er nat i(f\?}§$lsﬁl%é[h€1rngec slétglrl%gdﬁi'ar&?%é storage nedi um may
reside as discrete conponents in the wireless nodem
[0047] The previous description of the disclosed .
exanpl ekhe methpd oif glaimilo vwheran thedntprnndated idse dataciomppipes first
skill | e .ar .he di scl osed net hods
a%n%ecgrb(})glroglgsﬂgfe%t?l?%%hl%{)g‘%?ﬁsgﬁons to these exanpl es
woul d be depaghinidg BpRatagnitrengthtabseassddidtb@ drithrthé fiest and second
and the principles defined herein nay be applied to

ot héfo&sga#nsl es and additional el ements may be added.
[0048] Thuys,. net r - b
stream ngdé?%ms{}%,[tgg ﬂigstaa@ﬁ is?@?ﬂ%&%ﬁtﬁyc o] ?‘%j%tg iedgE]éf‘ﬁ,ﬁn6h Btindary
f | ag@gdedgthivafuer mati on and corrupt data, in a decoder
application, to performintelligent error conceal nent

and error correction of the corrupt data, have been

deschi Qo . ﬁ§§'

vi de é “da eafnelf:h(? %#%%’N}%H%S}ﬂ%%ﬁ%g \c/)c |B%I @ (EJ)RI? ata lsg%lr%}l value
co@pabest ng the interpol ated video data. 2. The net hod

of claiml, wherein the interpolated video data )
conpr i sesdetermipingfhe bawnlary sraveibsvalu basedt@oepotent of dhe video
conp itgi ng: determ ni ng boundary strength val ue
assoClated with the first and second bl ocks; and
denoi sing the first and second bl ocks by using the
det erm ned boundary

4. The method of claim 2, wherein determining the boundary strength value
comprises:
determining the boundary strength value based on context of the video

data.

5. The method of claim 2, wherein the interpolating comprises:
interpolating based on one motion vector; and wherein the determining
the boundary strength value comprises:
determining whether the motion vectors of the first and second blocks are

from neighboring blocks of a reference frame.

6. The method of claim 2, wherein the interpolating comprises:
interpolating based on one motion vector; and wherein the determining

the boundary strength value comprises:



strength value. 3. The nethod of claim2, wherein

determ ning the boundary strength val ue conpri ses:
wdebwroavazi ng t he boundary strength val ue basedPOmWUS2006/008946

content of the video data. i The nmet hod of claim 2,

wherei n determ ning the bou glary strength val ue

conprises: determ ning the boundary strength val ue

based on context o he.vi deo data. 5. The met hod of
clai m 2, ARIFEREIRS YVB%&"FWPE PSRV EFHEES ﬁ?ﬁﬁ@%@d second blocks are

I Nt e RP LB Ie RS 81th R DN KIBE ) tfme @and wherein
t he det e?ér%aﬁﬁ%g t%gooboéndary S%%ﬁé?% va eue conpri ses:
determ ni ng whether the notion vectors of the first
and secqnd b) ocks .are_from.nei ghboring bl ocks of a
refe eﬁ@’@ I’Ferdé‘l‘fic.’fs‘éai“mﬂré"’l?ﬁ?lﬂg& 1geRqlaing OmpRKeT ei n t he
| nt er pol ahi-HEIAAFHa&ESn ohd hidiRA! bloRdas ini
not i on vectg)(r&; a%g{avﬁr%ion %ﬁeﬁge‘%giro% ni ngﬁ%ﬁglnthgrh%tenmmng

bouribabgundbryesirgb gih walugeompripest ses: det er m ni ng whet her
the notion vectors gt}f the first and secopd bl ocks are

fr om overelEFRRNGWheheLbe HQ“BP(YE‘F@TS&“%F 18t @ideseeend blocks are
fr arffom ﬁon-ﬁagmgagf%gdioa& othabBcfec HhIGLEI N the

interpolatin I ses: Interpolating based on one

noti on vector; and wherein the determning the

boundary strength val ue conprises: determ ni hg whet her

t he grotﬁ’(?ﬁn?fg?,‘?%{]%la% g’t‘ﬁl@ﬂ?mﬁ%@tmﬁmf YERSFPBISEE ks ar e
from non-pgj | B8P bR GBS niftioR VeBfoR! A ini
The met héd %%Th?jﬂgl m %, vvl%er éllga;‘llot h"crae {oﬁtgﬁg}l‘%l ngB d%termmmg
c onphe basdaiyrstrengtb vatuercgmipeisssd on one noti on vector;

and wherejn the deferm ning the boundary_ strength
val ue cof§IraEdng W@?@F’iﬁﬂﬁ moms?tﬂ@w?ﬁ?eﬁ%mdowwnd blocks are

vectﬂgﬁdgfer&{ggefgliehgg?Qfﬁgs_second bl ocks are from

different reference franes. 9. The nethod of claim 2,
wherein the interpolating conprises:

9. The method of claim 2, wherein the interpolating comprises:
mnterpolating based on two motion vectors; and wherein the determining
the boundary strength value comprises:
determining whether the forward motion vectors of the first and second

blocks point to neighboring reference blocks.

10. The method of claim 2, wherein the interpolating comprises:
interpolating based on two motion vectors; and wherein the determining
the boundary strength value comprises:
determining whether the backward motion vectors of the first and second

blocks point to neighboring reference blocks.

11. A processor for processing video data, the processor configured to:
interpolate video data; and

denoise the interpolated video data.

12. The processor of claim 11, wherein the interpolated video data comprises

first and second blocks, the processor further configured to:



i nterpol ati ng based on two notion vectors; and wherein
the determ ning the boundary strength val ue conpri ses:
\Ndemmnﬂmnnng whet her the forward noti on vect or BCofUSLd06/008946
~first and second bl ocks poi to nei ghboring reference
bl ocks. 10. The nethod of ctaim2, wherein the
i nterpol ating conpri ses: interpolating based on t wo
noti on vectors; and wherein the determnin
boundar y deternaing theundary strergis vpis pssagited Wit th@ ﬁmeetnﬁesﬁcond
t he Bgﬁ g@rd noti on vectors of the first and second
blog % %t to nei ghboring reference bl ocks. 11. A
processoldehdife Meofes andgecond dlodkatts, udite ther dta@ssingd boundary
configured to: interpolate video data; and denoise the
i nt prgthvede.vi deo data. 12. The processor of claim
11, wherein the interpol ated video data conprises
first and second bl ocks, the processor further
conf { gumegréddessde bLlrinh €2 fathed asnfigatadeagt h val ue
associated with the first and second bl ocks; and
denoi se tdsterminedhe bovadawstareth Vg batsgl og<PrRignt pfche video data.
det ermi ned boundary strength value. 13. The processor
of claim12 further configured to: determ ne the

boungdarthepsRBei bf viainue2 faded corfiguesiitont of the vi deo
data. 14. The processor of claim 12 further configure

to: det erdstenainenihe houndery stspeiBnlte basedeomsaertoef the “ideo
context of the video data. 15. The processor of claim

12, TUrther configured to: interpolate based on one

noti on vector; and determ ne boundary strength val ue
based on whet her the,nntion vectors of the first and
secohd Hequresssor of tlasml Acfivghergionfigusd di ks of a

reference fr %Web%sgd ogltag? 8ﬁ§f§&5r %d claim 12 further

gte
confi gure 0. rpo ase o one notion vect or,;

and dete fdﬂdﬂﬁl&%ﬂdﬁy steng@h %hhe\bahdﬂeomﬂzhe@lelothe\hmtdmevectors

t he notion vectors . .
of the first and second blocks are from neighboring blocks of a reference frame.

16. The processor of claim 12 further configured to:
interpolate based on one motion vector; and
determine boundary strength value based on whether the motion vectors
of the first and second blocks are from overlapped neighboring blocks of a

reference frame.

17. The processor of claim 12 further configured to:
interpolate based on one motion vector; and
determine boundary strength value based on whether the motion vectors
of the first and second blocks are from non-neighboring blocks of a reference

frame.

18. The processor of claim 12 further configured to:

interpolate based on one motion vector; and



of the first and second bl ocks are from overl apped

nei ghbori ng bl ocks of a reference frane. 17. The
wonrem@esal of claim 12 further configured to: PCT/US2006/008946

i nterpol ate based on one nnihon vector; and determ ne

boundary strength val ue bas on whet her the notion

vectors of the first and second bl ocks are from

non- nei ghboring bl ocks of a reference franme. 18. The
pr ocessordesrmiiedhapndary strengih valus bppegupehether the motion vectors

- L _ .
bouri R BieF AR Eoh Ol AR S Ro Wrr kSt Bfererdf BAfkET I 1€
vectors of the first and second bl ocks are from

di f f @9 erfe fr8ERERVEIalth ANTSrthet onflfiRedopcessor of claim
12 further conflgured to: interpolate based on two

mot i on veotempadate angd dottwe matientysetatkapyd st rengt h val ue

based on et her. the forwar tLon vect por he .
first andebeuumpdrger S yis SRl fig e fdFarmotion
bl 0GegtorL8F thd igst BhO§R8A/PbloBlks (it tBndighbetirdeference blocks.
configured to: interpolate based on two notion

vectors; and determ ne boundary strength val ue based

on ther the backwar tion vectors of the first
andm@@éﬂmﬁmﬂﬁﬁgﬁ§%ﬁggﬁﬂZgﬁﬂW§F8W%%F9%§‘reference

bl ocks. Zhierg¥late BRRU¥N S0 htionREREs ki@ Vi deo dat a,
conprising: an interpolator to interpolate video dat a;

and a denditgering dodedwry strengih vahee hgetdavadwhethen thiabackward
22, T 2ORRE At ueyelacl B2 985S DI g e

bl oalsekst he apparatus further conprising: a determ ner

to determ ne boundary strength val ue associated with
the first and second bl ocks; and wherein the denoi ser

denoi ine the fi rgt and secoad gltocks gl)é usi ng the
det e GPBBEH PP IEPEGU RV A e PS5 ™he appar at us
gf cgal M ZintepbElet b hitepolat ¢1deh Ask; &gt er m nes the
oundary
a denoiser to denoise the interpolated video data.

22. The apparatus of claim 21, wherein the interpolated video data comprises
first and second blocks, the apparatus further comprising:
a determiner to determine boundary strength value associated with the
first and second blocks; and
wherein the denoiser denoises the first and second blocks by using the

determined boundary strength value.

23. The apparatus of claim 22, wherein the determiner determines the boundary

strength value based on content of the video data.

24. The apparatus of claim 22, wherein the determiner determines the boundary

strength value based on context of the video data.



strength val ue based on content of the video data. 24.

The apparatus of claim 22, wherein the determ ner
wdebwroodnes t he boundary strength val ue based BaT/US2006/008946

context of the video data.ZE8 The apparatus of claim

22, wherein the interpol ator®interpol ates based on one

notion vector; and wherein the determ ner determ nes

t he boundary strength val ue based ogn whether the
mot | &h Mecarprzptist of elaim 22swherrin e daispabater lderaplates bafad on

012‘% {n%BE’r? %&gr Qjéﬁ? g&%ﬁ%mregrg”ch% V(\%:g;: rgn %P ?ﬁtgltn:iigl etrhgé%g?%—irﬁ strength value

e

parat us of
bhgell espoVigdties Hrsambtion witeorswifi the Viettatd sesoddwbletled are from
the determ ning determ nes the boundary strength val ue
njgBagingblogks of areferaceamen vectors of the first and
second bl ocks are from overl apped nei ghbori ng bl ocks
of a reference frane. 27. The apparatus of claim 22,
wher g6.MmHehgpparitey potlaingR2] wherfithetiatrpuised imerpolats based on
notion vector; and wherein the determ ner determn

\ es
op¢angsiounvieisr; end oearein,ihe istepainieg daterpinen dhe ppandary strength
[ v f fir c r
B Pl b S SRR ol SR Gl Aom
oagpped hisgiforilgdloks 3f a véi&efiefrdrhe | nt er pol at or
i nterpol ates based on one notion vector; and wherein
the determ ner determ nes the boundary strength val ue

base t.her IO S; |

second ARl bf R o7 LR} Sledpmdii pebpbisfiGhpecd on
oh ér108ipp Featbt) Sndfwlkeh he2Pteritiies deterthines thetyupddraisength value
i nt er pol ates based on two nption vectors; and wherein

3ed Qretvbethondire motion fiealoss ohéepBish @ad seeandehligels 5| figm non-
. t her rd notion vectors of the
"?ﬁ%?g%jn%rwh&x\@%cogﬁ e% g‘é’%g&‘ﬁ% nt to nei ghboring reference
bl ocks. 30. The apparatus of claim 22, wherein the
i nt e‘%’gol at or intergol ates based on two notion vectors;

and wReFld Aprarausi et elaim Rdr wieredt thendierpelatop difpigalajes based on
st rengt i : [
T BFRPL 0k 15 RFREe 3 MR AR5 PEnRE Aol gt vt
pasddalib@héther the festncrcthr96kthe fddt anfscagmbblatiisart dfom different
processing video data, conprising: neans for
refareaepBr@es- ng vi deo data; and nmeans for denoising the
i nterpol ated video data.32. The apparatus of claim 31,

wher 3'9!1 Tltleh gpﬂa?atltgsr %9 Ic atnﬁdzz" I\&%Peilg ?ﬁeain%e?pnglgéo% G'lxr‘?terpolate,s based on

two motion vectors; and wherein the determiner determines the boundary strength
value based on whether the forward motion vectors of the first and second blocks point

to neighboring reference blocks.

30. The apparatus of claim 22, wherein the interpolator interpolates based on
two motion vectors; and wherein the determiner determines the boundary strength
value based on whether the backward motion vectors of the first and second blocks

point to neighboring reference blocks.

31. An apparatus for processing video data, comprising:
means for interpolating video data; and

means for denoising the interpolated video data.



first and second bl ocks, the apparatus further

conprising: nmeans for determ ning boundary strength
woabusegrsoci ated with the first and second bl eckas2@edos946
--mmeans for denoising the flrf and second bl ocks by

usi ng the determ ned bounda.é strength value. 33. The

apparatus of claim 32, wherein the neans for

determ ning the boundary strength val ue further

conprises: neans for determ ning the boundary strength

val ;?zaﬁ?}éegp g%qft zagltn % \{’11116?61}{ tﬂg %tgrggﬁtefdgéidec;r &t comprises

app
ﬁﬁﬁ&rﬁtdﬁbéﬂd&oémethb@ppuiaﬂuy ﬁﬁﬂfeﬁt‘l@hbnﬂﬂé ue further
conprises: neans for determ ning the boundary strength
val ue baswanpfordistraging pownary, siragthisalae asgtiategevith the first
appar at us i.m 32, wherein interpolating nmeans
furtaHeF’ec%gglro%sgsaﬁaneans for interpolating based on
one not | %aﬁ@ferfeno@iih@ i GfsElafid bdvondbiveks bplising the determined
determ ning the boundary strength val ue further
combeirdsy strrmghsvalen: det er mi ni ng whet her the notion
vectors of the first and second bl ocks are from
nei ghbori ng bl ocks of a reference frane. 36. The
appasRAtThe apargiugdoficBdn 32 eh&kih theencand i delefhinig the dosndary
further conprises: neans for interpolating based on
stomathielycoirthercqosprisesid wherei n the neans for
determ nin ndar
conpri sed™ e%nrrgeg%rs(? T [""“%éd?érn{’%ﬁ%lggv\%% PH@rei#%eg%?iogncomem of
vectips Gided ddthe first and second bl ocks are from
over | apped nei ghboring bl ocks of a reference frane. 37.
The apparatus of claim 32, wherein the interpolating

rrean%éf SrafiR gira%S%Z &ﬁv\%%ﬁ‘l 9 'i-r%e{%lﬁg ﬁ)rr%g{eﬁiﬂnrﬁgg tﬁ’l@%gﬁindary

on o n vec and erelrn

t@@igﬁwalﬁafmgthémnﬁﬁmeﬂary st rengt h val ue further
conprises: means for determn whet her the notion

vect ors anheanpdorf determining th@b@ aaf geqagthayadug pased on context of
non tﬂg'v%QQSathng bl ocks of a reference frane.

35. The apparatus of claim 32, wherein interpolating means further comprises:
means for interpolating based on one motion vector; and wherein the
means for determining the boundary strength value further comprises:
means for determining whether the motion vectors of the first and second

blocks are from neighboring blocks of a reference frame.

36. The apparatus of claim 32, wherein the mterpolating means further
comprises:
means for interpolating based on one motion vector; and wherein the
means for determining the boundary strength value further comprises:
means for determining whether the motion vectors of the first and second

blocks are from overlapped neighboring blocks of a reference frame.



38. The apparatus of claim 32, wherein the

i nterpol ating nmeans further conprises: neans for
wonovwmropgd2at i ng based on one notion vector; andPGnAISEI06/008946
-the means for determning t boundary strength val ue

further conprises: neans f det erm ni ng whet her the

notion vectors of the first and second bl ocks are from

different reference franes. 39. The apparatus of claim

32, Hhdhei ponarrsusr@dndaiy 33, ntvaerssl dbe ngtorpplatig means  further
m@@@g%gses: means for interpolating based on two notion

or's; and wherein the neans for determ ning the

boundar y nfdah€ et fterpdlating biseliadn 6@dMAIdt®ASVecttef adrivhiersn the

whet her the forward nption vectors of the first, and

sec arranyfos drisrpising the boykaghiisnethg atustiarber Comprisesks .

40. The gL ?O%lﬂgltt:ﬁ liﬂ%ga\kfﬂétﬁ& thm%rﬁgh (}eét&% o'f?l?enﬁrs{ &d second

i nterpol ating Turtner conprises: neans for

I Nt elgeRk atel fign Bes-aeigitoringbleskisiofa rafeehos Samand wher ei n

the means for determ ning the boundary strength val ue

conprises: neans for determ ning whether the backward

et RBAERGOTEYE: o Bab e, S SRR Cop it oy firter

cdilptiges? enbodyi ng a nethod of processing video data,
t he net hod conpri si ng,l;a'i nt erpol ati ng video data; _ and .
denoi si ngneane o insgrpelpng: Gasedderb opa mretiop. vepts; apdyhersin the

readabl e -medj um of <l ai it ' t ed

v aaB S e sl le G Bofidhty MBS BRLILRRRLS
further wheneid detiemimidatlether thbefotioavpetomsast the first and second
det erm ni ng_boundary strength val ue associated with

t he bloaks ereliem diffsen refersararampyl denoi sing the first

and second bl ocks by using the determ ned boundary

§|t ;ie .Zf’g}ev gaéygl?a&lsn‘l gﬁ 8?‘%?‘% Pﬁgérgﬁe{h%a%ggﬂsefoﬁg eurprgla%fng further

comprises:

=

means for interpolating based on two motion vectors; and wherein the
means for determining the boundary strength value further comprises:
determining whether the forward motion vectors of the first and second

blocks point to neighboring reference blocks.

40. The apparatus of claim 32, wherein the means for interpolating further
comprises:
means for interpolating based on two motion vectors; and wherein the
means for determining the boundary strength value comprises:
means for determining whether the backward motion vectors of the first

and second blocks point to neighboring reference blocks.

41. A computer readable medium embodying a method of processing video
data, the method comprising:
interpolating video data; and

denoising the interpolated video data.



boundary strength val ue conprises: determ ning the
boundary strength val ue based on content of the video
wdavw/099321 The conputer readabl e medi um of cl aPaTAR2006/008946
wherein determ ning the bouggary strength val ue
conprises: determ ning the undary strength val ue
based on context of the video data. 45. The conputer
readabl e nedi um of cl] aim 42, erein the interpolating.
conpf-sEs: comppui seadable mepdim @gg@ﬁnéﬂewhs&eubﬁhee@ew ted video
h Y ¢ Lr
TR ot Enf ST o, IR PRI HerSi iSDhdthod. futher
cotaptisess of the first and second bl ocks are from
nei ghbori ng bl ocks of a refg&ence frame. 46, T

. f h
conput er deEamNmNG borndaryritsnetl Valus agsociafpbwith the st and second

i nt PRl jgng conprises: interpolating based on one

notion vector; and wherein the deternining the

boundary dehoringtthe Yiadt uad sevmpd idecks byratsmpntha idogrmined beundary

the notion vectors of the first and second bl ocks are

f r orfts9ghValed nei ghboring bl ocks of a reference

frame. 47. The conputer readable nmedi um of claim42,

wherein the interpol ati ng conprises: interpolating

based3 dfheorempuet eenddeiet medivandf viigine dd, twierein determining the

determ ning the boundary strength val ue conpri ses:
bergderns YRSt G9BIPTIEERe ot i on vectors of the first

and seco : AREFHPRLd b .
refer encg& Fér}lgrqr@hgq ﬁlger ﬁQI"{I{IE oﬁn%g e%reagéég gmrréggfeé?nog}heavldeo
cl aidmad2, wherein the interpolating conprises:

i nterpol ati ng based on one notion vector; and wherein

the determ ning the boundary strength val ue conpri ses:
det eggl i Qgﬁi‘{gﬁt&p GhadhbR ARHLAD of CGLAH S120Twilelbin fdeicihnining the
and second cks are
boundary strength value comprises:
determining the boundary strength value based on context of the video

data.

45. The computer readable medium of claim 42, wherein the interpolating
comprises:
interpolating based on one motion vector; and wherein the determining
the boundary strength value comprises:
determining whether the motion vectors of the first and second blocks are

from neighboring blocks of a reference frame.

46. The computer readable medium of claim 42, wherein the interpolating
comprises:
interpolating based on one motion vector; and wherein the determining
the boundary strength value comprises:
determining whether the motion vectors of the first and second blocks are

from overlapped neighboring blocks of a reference frame.



fromdifferent reference franes. 49. The conputer
readabl e nedi um of claim42, wherein the interpolating
\Voammﬂmﬁes i nterpol ati ng based on two noti on PETIUS2@H/008946
- - -and-wherei i the -det erm ni ng,t he boundary strength
val ue conprises: determ ni nf"whet her the forward
noti on vectors of the first and second blocks point to
nei ghbori ng reference bl ocks. 50. The co
r ead4blTengometeoreaditie rnebumy e FIR $heV ‘?Fﬁ’é‘r s Wisrpejating
°6é%ﬁg ses: interpol ating based on two notion vectors;
ierein the determ ning the boundary strength

val ue conmeippisingdesal o bhée ghotdoatveetor;t ivl Wherkinathd determining
notion vectors of the first and second bl ocks point to

nei dhplrumdarystreagth yakie spaprsss:

determining whether the motion vectors of the first and second blocks are

from non-neighboring blocks of a reference frame.

48. The computer readable medium of claim 42, wherein the interpolating
comprises:
interpolating based on one motion vector; and wherein the determining
the boundary strength value comprises:
determining whether the motion vectors of the first and second blocks are

from different reference frames.

49. The computer readable medium of claim 42, wherein the interpolating
comprises:
interpolating based on two motion vectors; and wherein the determining
the boundary strength value comprises:
determining whether the forward motion vectors of the first and second

blocks point to neighboring reference blocks.

50. The computer readable medium of claim 42, wherein the interpolating
comprises:
interpolating based on two motion vectors; and wherein the determining
the boundary strength value comprises:
determining whether the backward motion vectors of the first and second

blocks point to neighboring reference blocks.



