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[ 0001] This application clainms the benefit of U S. Provisional Application
61/ 044, 0280f2009ed6am April 10, 2008, U.S. Provisional AppCirastecon4@sd 044, 240
filed on April 11, 2008, and U. S. Provisional Application No. 61/057,373
filed on May 30, 2008 the entire contents of which are incorporated herein
by reference. TECHNI CAL FI ELD [0002] This disclosure relates to digital

vi deo coding and, nore particularly, frdctional interpolations of
predictive data used in video coding. BACKGROUND [0003] Digital video
capabilities can be incorporated into a wide range of devices, including
digital televisions, &jtal di rect broadcast éstens, W rel ess broadcast

systens, personal ADY ANCEBSINTERROIRSMON SPNHRQUWES HOR conput ers,

digital caneras, di MOATONWOMPENSA TN MW AdDBEOTOQ@DING ces, vi deo
ganme consol es, cellular or satellite radio t el ephones, and the I|ike.
Digital video devices inplenent video conpression techniques, such as
MPEG 2, MPEG-4, or ITU T H 264/ MPEG 4, Part 10, Advanced Vi deo Co

(AVO), to {U0QhsFiis applésation elaimes de Greedit O\fulaéoPrpﬁlﬁ@Pﬁlafﬁmﬁwaw @1/@44 ‘i)?c’a ent ly.
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pr ediction to red UCG OI’ rem)ve redundancy i nherent i n video sequences.

[0004] Bl 02M0%aséd).SnPeoviscadl Agpliatian ée. y61u@557t317|3 itlodiomgMeg ciini2§e thehat

relies on E‘:E% 6 n%e t? dhlch élr%I}n(;[OO orra'latd&]féeram bl){ rf: e\rllee tenporal redundancy
bet ween vi deo successi've Co i a video sequence. The

coded units may conprlse vi deo franes, slices of vi deo franes, groups of
pi ctures, or another defined unit of video blocks. For inter-coding, the
vi deo encoder perfornms notion estiIFGANDOARMIEmD i on conpensation to track

t he novene f_cor pondi vi deo. Ql acks of. tmo or nore _.adj acent .coded
units. [bé?ﬂgleglﬂl rfg%cfoéﬂreg@%g‘isaﬁoe g‘r?gtYlg"rP Guting pad. Wecwrilﬂg‘% Eya Ectippa
di spl aceneﬁlrter@ctlat‘{drﬁ @0 pRUREKS data used in video coding.

BACKGROUND

[0003] Digital video capabilities can be incorporated into a wide range of devices,
including digital televisions, digital direct broadcast systems, wircless broadcast systems,
personal digital assistants (PDAs), laptop or desktop computers, digital cameras, digital
recording devices, video gaming devices, video game consoles, cellular or satellite radio
telephones, and the like. Digital video devices implement video compression techniques,
such as MPEG-2, MPEG-4, or ITU-T H.264/MPEG-4, Part 10, Advanced Video Coding
(AVC), to transmit and reccive digital video information more efficiently. Video
compression techniques may perform spatial prediction and/or temporal prediction to
reduce or remove redundancy inherent in video sequences.

[0004] Block based inter-coding is a very useful coding technique that relies on temporal
prediction to reduce or remove temporal redundancy between video blocks of successive
coded units of a video sequence. The coded units may comprise video frames, slices of
video frames, groups of pictures, or another defined unit of video blocks. 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. Motion
estimation generates motion vectors, which indicate the displacement of video blocks

relative to corresponding prediction video blocks in one or more reference frames or other



relative to correspondi ng prediction video blocks in one or nore reference
frames or othercoded units. Mdtion conpensation uses the notion vectors to
gener at e Wwoedixisen vi deo bl ocks fromthe reference frameTars2abheneéecoded
unit. After notion conpensation, residual video blocks are forned by
subtracting prediction video blocks fromthe original video bl ocks being
coded. [0005] The video encoder may al so apply transform quantization and
entropy coding processes to further reddce the bit rate associated with
comuni cation of residual blocks. Transformtechniques may conprise

di screte cosjne transforns (DCTs) or conceptually simlar. processes.
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val ues are converted ipnto transform coefficients, ich may represent the
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t ypes of coé%d units are often very simlar. An encoded vi deo sequence nay
not limited to content adaptive variable length coding (CAVLC) and context adaptive
binary arithmetic coding (CABAC).
[0006] A coded video block may be represented by prediction information that can be used
to create or identify a predictive block, and a residual block of data indicative of differences
between the block being coded and the predictive block. The prediction information may
comprise the one or more motion vectors that are used to identify the predictive block of
data. Given the motion vectors, the decoder is able to reconstruct the predictive blocks that
were used to code the residual. Thus, given a set of residual blocks and a set of motion
vectors (and possibly some additional syntax), the decoder may be able to reconstruct a
video frame that was originally encoded. Inter-coding based on motion estimation and
motion compensation can achieve very good compression because successive video frames
or other types of coded units are often very similar. An encoded video sequence may
comprise blocks of residual data, motion vectors, and possibly other types of syntax.
[0007] Interpolation techniques have been developed in order to improve the level of
compression that can be achieved in inter-coding. In this case, the predictive data
generated during motion compensation, which is used to code a video block, may be

interpolated from the pixels of video blocks of the video frame or other coded unit used in



conprise blocks of residual data, notion vectors, and possibly other types
of syntax. [0007] Interpol ation techniques have been devel oped in order to
i nprove twWeoe 2b@vieb920f conpression that can be achi eved i RCITruSesoooa@smg. | n
this case, the predictive data generated during notion conpensation, which
is used to code a video block, may be interpolated fromthe pixels of video
bl ocks of the video franme or other coded unit used innotion estimation.
Interpolation is often performed to genérate predictive hal f-pixel values
(hal f-pel) and predictive quarter-pixel val ues (quarter-pel) Such
interpolatio often redlct are.even imla
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the encoder may apply a plurality of pr e defined interpolation filters in

order to generate a plurality of different interpolated prediction data.
The interpol ated prediction data thqﬁﬁﬁﬁhgﬁﬁes t he hi ghest |evels of
conpression may be selected, and the interpolation filter that was used may
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[ 0009] The decoder recei ves the coded video data can iInterpret t
syntax in pﬂedetlom cdatadeﬁﬁlcflgatemwatcmtpefrqmioat q'iamzn that| gchreveshgic Wabedisledklbyft he
encoder. In th r.can |d use
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i nterpol ation fllters at the encoder, conpression nay be |nproved relative
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different video blocks within a predictive unit). Alternatively, the interpolation filter may
be defined on a sample basis, or may be defined on a sub-sample basis.

[0009] The decoder receives the coded video data, and can interpret the syntax in order to
identify the interpolation filter that was used by the encoder. In this way, the decoder can
identify and use the same interpolation filters during its motion compensation processes
that were used during the encoding process. By considering multiple different interpolation
filters at the encoder, compression may be improved relative to techniques that have a fixed
interpolation filter. At the same time, the techniques may be significantly less complex than
conventional adaptive interpolation filtering, which adaptively defines the interpolation
filter coefficients as part of the coding process. The different interpolation filters,
according to some aspects of this disclosure, may be pre-defined by implementing adaptive
interpolation filtering or other techniques on test video sequences in order to pre-define sets
of interpolation filter coefficients that will likely result in good compression. Alternatively,
different numbers of filter coefficients (different number of taps) or different types of filters
altogether may be pre-defined, and then sclected and used during the encoding and

decoding processes.



conventional adaptive interpolation filtering, which adaptively defines the
interpolation filter coefficients as part of the coding process. The

di f f er entwOno@vipet2ati on filters, according to sonme aspe®C3/uskomwhimco

di scl osure, nmay be pre-defined by inplenenting adaptive interpolation
filtering or other techniques on test video sequences in order to
pre-define sets of interpolation filter coefficients that will likely
result in good conpression. Alternativeldy, different nunbers of filter
coefficients (different nunber of taps) or dlfferent types of filters
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herein. For example, the climination of intermediate rounding may be performed in the
context of an implementation that uses a plurality of pre-defined interpolation filters, as
described herein. Alternatively, the elimination of intermediate rounding may be performed
in the context of more conventional interpolations, such as in the context of adaptive
interpolation filtering (AIF).

[0012] In one example, this disclosure provides a method of encoding video data. The
method comprises generating prediction data, wherein generating the prediction data
includes interpolating pixel values of reference video data based on a plurality of different
pre-defined interpolation filters. The method also comprises encoding the video data based
on the prediction data.

[0013] In another example, this disclosure provides a method of decoding video data. The
decoding method comprises receiving a syntax element that identifies an interpolation filter
from a plurality of different pre-defined interpolation filters, generating prediction data,

wherein generating the prediction data includes interpolating pixel values of reference



in the context of nore conventional interpolations, such as in the context
of adaptive interpolation filtering (AIF). [0012] In one exanple, this

di scl osurwoprewvizées a nmet hod of encodi ng vi deo data. TheCwaishaxd/oe@napri ses
generating prediction data, wherein generating the prediction data includes
i nterpol ati ng pi xel values of reference video data based on a plurality of
different pre-defined interpolation filters. The nethod al so conpri ses
encodi ng the video data based on the prédiction data. [0013] |n anot her
exanple, this disclosure provides a nethod of decoding video data. The
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syntax el e[gané] Inhalothct exdnhflé afisaliscldbRr ReViatd Nafpatat@rthitr REdbEs video data,
the apparatus comprising a video decoder that includes a motion compensation unit. The
video decoder receives a syntax element that identifies an interpolation filter from a
plurality of different pre-defined interpolation filters. The motion compensation unit
generates prediction data, wherein generating the prediction data includes interpolating
pixel values of reference video data based on the interpolation filter identified by the syntax
clement. The video decoder then decodes the video data based on the prediction data.
[0017] In another example, this disclosure provides an apparatus that interpolates
predictive video data for video coding, wherein the apparatus includes a motion
compensation unit that generates half-pixel values based on integer pixel values, rounds the
half-pixel values to generate half-pixel interpolated values, stores the half-pixel values as
non-rounded versions of the half-pixel values, and generates quarter-pixel values based on
the non-rounded versions of the half-pixel values and the integer pixel values.
[0018] In another example, this disclosure provides a device that encodes video data, the
device comprising means for generating prediction data, wherein means for generating the
prediction data includes means for interpolating pixel values of reference video data based
on a plurality of different pre-defined interpolation filters, and means for encoding the

video data based on the prediction data.



plurality of different pre-defined interpolation filters. The notion
conpensation unit generates prediction data, wherein generating the

predi cti omOdawsa2692¢| udes i nterpol ati ng pixel val ues of PeTArSemoms026@eo dat a
based on the interpolation filter identified by the syntax el enment. The

vi deo decoder then decodes the video data based on the prediction data.
[0017] In another exanple, this disclosure provides an apparatus that

i nterpol ates predictive video data for Video coding, wherein the apparatus
i ncludes a notion conpensation unit that generates half-pixel values based
on i nteger Qi val.ues, rqunds t.he hal f-pi.xel .values. to generat
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val ues. different pre-defined interpolation filters, and encodes the video data based on the
prediction data, and a wireless transmitter that transmits the video data to another device.
[0022] In another example, this disclosure provides a device that decodes video data, the
device comprising a wireless receiver that receives the video data, and a video decoder
including a motion compensation unit that receives a syntax clement that identifies an
interpolation filter from a plurality of different pre-defined interpolation filters, generates
prediction data, wherein generating the prediction data includes interpolating pixel values
of reference video data based on the interpolation filter identified by the syntax clement,
and decodes the video data based on the prediction data.

[0023] In another example, this disclosure provides a device that encodes video data, the
device comprising a video encoder including a motion compensation unit that generates
half-pixel values based on integer pixel values, rounds the half-pixel values to generate
half-pixel interpolated values, stores the half-pixel values as non-rounded versions of the
half-pixel values, and generates quarter-pixel values based on the non-rounded versions of

the half-pixel values and the integer pixel values, and a wireless transmitter that transmits

the video data encoded by the motion compensation unit to another device.



[0021] In another exanple, this disclosure provides a device that encodes
vi deo data, the device conprising a video encoder including a notion
conpensatworzoami2to2i hat gener ates prediction data by i nt @cpaiSatongo2pé xel

val ues of reference video data based on a plurality of different
pre-defined interpolation filters, and encodes the video data based on the
prediction data, and a wireless transmtter that transmts the video data
to anot her device. [0022] In another exdnple, this disclosure provides a
device that decodes video data, the device conprising a wireless receiver
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non- r ounde 038k Arenrdingly. thiselissasprepilseetontieaiplises agamnufiareadellg storggieeqdival ues .

comprising instructions that upon execution cause a device to encode video data, wherein
the instructions cause the device to gencrate prediction data, wherein generating the
prediction data includes interpolating pixel values of reference video data based on a
plurality of different pre-defined interpolation filters, and encode the video data based on
the prediction data.

[0027] This disclosure also contemplates a computer-readable storage medium comprising
instructions that upon execution cause a device to decode video data, wherein the
instructions cause the device to, upon receiving a syntax clement that identifies an
interpolation filter from a plurality of different pre-defined interpolation filters, generate
prediction data, wherein generating the prediction data includes interpolating pixel values
of reference video data based on the interpolation filter identified by the syntax clement,
and decode the video data based on the prediction data.

[0028] In addition, this disclosure also contemplates a computer-readable storage medium
comprising instructions that upon execution cause a device to interpolate predictive video
data for video coding, wherein the instructions cause the device to generate half-pixel

values based on integer pixel values, round the half-pixel values to generate half-pixel



[ 0025] The techni ques described in this disclosure may be inplenmented in
har dware, software, firmmnare, or any conbination thereof. |If inplenented in
sof t war e, woheo%gbe2nar e nay be executed in one or nore pPOTASI@V®4026ICh as a
m croprocessor, application specific integrated circuit (ASIC), field
programmabl e gate array (FPGA), or digital signal processor (DSP). The
software that executes the techniques may be initially stored in a
conput er - r eadabl e medi um and | oaded and 8executed in the processor. [0026]
Accordingly, this disclosure also contenplates a conputer-readabl e storage
medi um conpri si,ng,instructions, t.hat n_execution, cause a LGe .l o encode
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i nterpol ati ng pi xel | yes of .reference video data based on a plurality of
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conmput er -r eadabl e storage nmedi um conpri sing instructions that upon

execut i on easwanyitdivwmes endtheoldecripiige belowt &thaxfeatericn obisetsi andtaduantagsns
cause the i.ce .t - | W:NQ: I hat ., £ n

i nt er pol at ?ﬁﬁleft??}{ngque%" @g%ngg&pfﬂuﬁ{é{?{Sgoﬁgg‘lﬂpft’%r%%?I%}ﬁtr I:arf) %etfhle g%gcrfptm?%ng

i nt er pol at dawirdgs] dndrfsom genédiat.e predi cti on data, wherein generating the
predi ction data includes interpolating pixel values of reference video data
based on the interpolation filter identified by the syntax el enent, and
decode the video data basesroir bEsORIPFION OF DIAWINGS028] |1 n addition,
this disclosure al so contenpl ates a conput er-readabl e storage nmedi um
conpri si nggioRALt tyi i A4Re, @i hGEr i ate
predicti ve[d\9?g]eiéﬂﬁalt%%o%xgé%gﬁgggggﬁﬁgwmﬁgﬁi n t%gldgﬁé?gﬁétg?%ﬂgg& eggﬁg t he
device to gesteer.ate hal f- pi xel val ues based on integer pixel values, round
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gener at e gthaydisdlosaiecel val ues based on the non-rounded versions of the
hal f pi xel val ues and the jnteger pixel values. [Q029] The details of. one or

mor e aspect®®3gk Fihe it black dipgkmy Hissadingragexpmpls of Reyideo decoder consistent with

this disclosure.
[0033] FIGS. 4A-4D arec conceptual diagrams illustrating integer pixels and interpolated
pixels that may comprise pixels of predictive video blocks.

[0034] FIGS. 5-8 are flow diagrams illustrating techniques consistent with this disclosure.

DETAILED DESCRIPTION

[0035] This disclosure describes various interpolation techniques performed by an encoder
and a decoder during the motion compensation process of video coding. According to one
aspect of this disclosure, the encoder may apply a plurality of pre-defined interpolation
filters in order to genecrate a plurality of different interpolated prediction data. The
interpolated prediction data that achieves the highest levels of compression may be selected
at the encoder, and the interpolation filter that was used may be coded as syntax and
communicated to the decoding device as part of the coded video data. The interpolated
prediction data comprises reference data. Video data to be coded (e.g., a video block) may

be subtracted from interpolated prediction data (e.g., an interpolated predictive reference



acconpanyi ng drawi ngs and the description below Oher features, objects,
and advant ages of the techni ques described in this disclosure will be

appar ent woamwhe2descri pti on and draw ngs, and from t heCtlts2ons/04BR EF
DESCRI PTI ON OF DRAW NGS [0030] FIG 1 is an exenplary bl ock diagram
illustrating a video encodi ng and decodi ng system [0031] FIG 2 is a block
diagramillustrating an exanple of a video encoder consistent with this

di sclosure. [0032] FIG 3 is a block didgramillustrating an exanple of a
vi deo decoder consistent with this disclosure. [0033] FIGS. 4A-4D are
concept ual . diagra il Lustrati.ng int r pi.xels and ,interpolated pixels
Chat -y DRI B bkt b G R Pt e FB R R R BHEGL S,
fl ow di agr quamtizdd dndtchadpyngpde@chni ques consistent with this di scl osure.

DETAI LED DESCRI PTI ON [ 0035] _Thi s discl ogsure descri bes various interpolation
t echni queslﬂggﬁf Sherigerpg/atien éﬁeroaw t&n@@eeé@ﬁa@ﬁr URASHYC tRE (Fi e per
conpensat i BRARIOE EafhePf orVhsle 8e @eHAITon AGERPRI NGist(@.cONEFASREferRly hil Be

di scl osure, the encoder may apply a plurality of pre-defined interpol ation
filters i namnligérto Weffagemeridaoeblaclyl ar differept efmple fldcatienst withiney pestigtisgl unit).
prediction t . i r t redicti j.ev t i ghest
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decodi ng device as part.of the coded video data. The.interpol ated

pr odi ot I ondHAtEC CBHSPYS & RINGH B ae Hed iy ien AT1E Bis BlaRairddga |
vi deo bl ocky BRYiR&osPrbRatBe bhprestioher pol ated prediction data (e.g., an
i nt erpol at ed ?redictive ref erencebl ock) in order to define a residual block

of encoded[M37laTherficederreseivehdie ¢nsled videe fdatenend caguatistirgtebic mxelntordpyo
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unit (e.g., once per prediction frane), or nay be defined dn a sanple basis
(e.g., difidentifigtantlivst éra sagnenmtergadation filter during its motion compensation process that
was used during the encoding process. Again, by considering multiple different
interpolation filters at the encoder, compression may be improved relative to techniques
that have a single defined interpolation filter. At the same time, the techniques may be
significantly less complex than conventional adaptive interpolation filtering, which
adaptively defines the interpolation filter (by selecting filter coefficients) as part of the
coding process. In one example, the interpolation filters may be pre-defined by
implementing adaptive interpolation filtering or other techniques on test video sequences in
order to pre-define sets of interpolation filter coecfficients that will likely result in good
compression.
[0038] In another aspect of this disclosure, interpolation techniques are described that
climinate or significantly reduce intermediate rounding of half-pixel values for quarter-
pixel interpolation. The techniques that climinate or significantly reduce intermediate
rounding may be used with or without the techniques mentioned above that use pre-defined
interpolation filters. In other words, the techniques that climinate or significantly reduce
intermediate rounding may be used during interpolation according to one or more
pre-defined interpolation filters, but could also be used with interpolation that uses a fixed
interpolation filter or possibly with adaptive refinement interpolations techniques.
[0039] This disclosure recognizes coding inefficiencies that can occur due to conventional

rounding of half-pixel values, and proposes techniques to improve interpolation by



applied to different video blocks or different sanple locations within a
predictive unit). Different interpolation filters, for exanple, nay be

defi ned byodnéd¥esemt sets of filter coefficients, differemuseentioerso of
filter coefficients, or possibly different filter types. In any case, by
providing a plurality of pre-defined interpolation filters, the

i nterpol ated data nmay provide for inproved data conpression. [0037] The
decoder receives the coded video data, &hd can interpret the syntax in
order to identify the interpolation filter that was used by the encoder. In
this way, the. decoder .can identify and.use the same interpalati.on filter
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inefficiencies that can occur due to _conventional ) )
communication channel 15. Source device 12 and destination device 16 may comprise any
of a wide range of devices. In some cases, source device 12 and destination device 16
comprise wireless communication devices, such as wireless handsets, so-called cellular or
satellite radiotelephones, or any wireless devices that can communicate video information
over a communication channel 15, in which case communication channel 15 is wireless.
The techniques of this disclosure, however, which concern motion compensated
interpolation, are not necessarily limited to wireless applications or settings.
[0041] In the example of FIG. 1, source device 12 may include a video source 20, video
encoder 22, a modulator/demodulator (modem) 23 and a transmitter 24. Destination device
16 may include a receiver 26 a modem 27, a video decoder 28, and a display device 30. In
accordance with this disclosure, video encoder 22 of source device 12 may be configured to
apply one or more of the interpolation techniques of this disclosure as part of a video
encoding process. Similarly, video decoder 28 of destination device 16 may be configured
to apply one or more of the interpolation techniques of this disclosure as part of a video
decoding process.

[0042] The illustrated system 10 of FIG. 1 is merely exemplary. The interpolation

techniques of this disclosure may be performed by any encoding device that supports



roundi ng of hal f-pixel values, and proposes techniques to inprove

i nterpol ation byelimnating or reducing internmediate rounding. In this
case, i ntwopotwaneatihal f-pi xel val ues may be rounded for PRUMSEEOH4@HO
hal f - pi xel interpolation. Quarter-pixel values, however, which may be
generated based on one or nore of the interpol ated hal f-pi xel val ues, may
rely on non-rounded versions of the half-pixel values. This can elimnate
propagati on of rounding inaccuracies frdmthe hal f-pixel values to the
quarter-pixel values. In sone cases, slight roundlng may be applied to sone
of the half i xel valu tg ¢ een-
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encoded Vi esti t|on dev via a‘comunication c anne
Sour ce devbawed? vatud diesicesndi ore, deyi, chr 16idemysteaimpre, sedanyplofbask, Widleo r ange
of devices, In sone ca spurce device 12 and destination device 16

es,
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video encoder 22. The encoded video information may then be modulated by modem 23
according to a communication standard, e.g., such as code division multiple access
(CDMA) or another communication standard, and transmitted to destination device 16 via
transmitter 24. Modem 23 may include various mixers, filters, amplifiers or other
components designed for signal modulation. For wireless applications, transmitter 24 may
include circuits designed for transmitting data, including amplifiers, filters, and one or more
antennas.

[0044] Receiver 26 of destination device 16 receives information over channel 15, and
modem 27 demodulates the information. Again, the video encoding process may
implement onc or more of the techniques described herein to improve the interpolation
during motion compensation. The video decoding process performed by video decoder 28
may also perform interpolation during its motion compensation stage of the decoding
process. Display device 30 displays the decoded video data to a user, and may comprise
any of a varicty of display devices such as a cathode ray tube, a liquid crystal display
(LCD), a plasma display, an organic light emitting diode (OLED) display, or another type
of display device.



encodi ng process. Simlarly, video decoder 28 of destination device 16 may
be configured to apply one or nore of the interpolation techniques of this
di scl osurwoasoypase210f a vi deo decodi ng process. [0042] TPha/uskéessnrat ed
system 10 of FIG 1 is nerely exenplary. The interpolation techni ques of
this disclosure may be performed by any encodi ng device that supportsnotion
conpensated interpolation to sub-pixel resolution. Source device 12 and
destination device 16 are nerely exanpl & of such coding devices. In this
case, source device 12 generates coded video data for transmi ssion to
destinatio vice 16. V] 12, 16 . oper a in a substanti.al
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Hence, system 10 may support one-way or two-way Vyideo transm ssion between
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12 may include a video capture ‘device, such as a video canmera, a video
archi ve conttaprk, agvide-etdagwsvgrkcapt alobal natwerts sugh agthej ldtsonct.e égnfompmgadioni deo
content prQvidar rther alter Ve, Vi . 0 rate
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vi deo source 20.is a.vigeo canmera, source device 12 and destination device
16 may f or A9°8B20R d4e¥ige d&rrer a phones or video phones. In each case, the
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encoder 22. The encoded video infornmati on may t hen be nodul ated by npdem 23

accor di ng tanpressmbianéad sishsesaival tU-Te Fg204 staaderds abaadivaly deicohednab tipl e
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desti nati on device Via transmtter i ncl ude vari ous
m xers, fi howeevsy, aampdtilimiexdgo eny pirhievlarccadpgreantisrdd esihgngld ndtahown gnBIG. 1,
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nmore ant enf@lo encoder and decoder, and may include appropriate MUX-DEMUX units, or other
hardware and software, to handle encoding of both audio and video in a common data
stream or scparate data streams. If applicable, MUX-DEMUX units may conform to the
ITU H.223 multiplexer protocol, or other protocols such as the user datagram protocol
(UDP).
[0047] The ITU-T H.264/MPEG-4 (AVC) standard was formulated by the ITU-T Video
Coding Experts Group (VCEQG) together with the ISO/IEC Moving Picture Experts Group
(MPEQ) as the product of a collective partnership known as the Joint Video Team (JVT).
In some aspects, the techniques described in this disclosure may be applied to devices that
generally conform to the H.264 standard. The H.264 standard is described in ITU-T
Recommendation H.264, Advanced Video Coding for generic audiovisual services, by the
ITU-T Study Group, and dated March, 2005, which may be referred to herein as the H.264
standard or H.264 speccification, or the H.264/AVC standard or specification. The Joint
Video Team (JVT) continues to work extensions to H.264/MPEG-4 AVC.
[0048] Video encoder 22 and video decoder 28 cach may be implemented as one or more
microprocessors, digital signal processors (DSPs), application specific integrated circuits
(ASICs), ficld programmable gate arrays (FPGASs), discrete logic, software, hardware,

firmware or any combinations thercof. Each of video encoder 22 and video decoder 28



[ 0044] Receiver 26 of destination device 16 receives information over
channel 15, and nodem 27 denodul ates the information. Again, the video
encodi ng Woao@sreeray i npl emrent one or nore of the technipquas2aesenrobed
herein to inprove the interpolation during notion conpensation. The video
decodi ng process perforned by video decoder 28 nmay al so perform
interpolation during its notion conpensation stage of the decodi ng process.
Di spl ay device 30 displays the decoded ¥} deo data to a user, and nay
conprise any of a variety of dlsplay devi ces such as a cathode ray tube, a
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wired co ni.cati on rreﬁ?gm such as a radio frequency (RF) spectrumor one
or nore phySiccarrYiapidhi WS on Iines, or any conbination of wireless and
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according to vi deo co si.on ndard, such as the | TU T H. 264
st andar d, %u@? AL "%é@ﬁ?qkﬁewﬁlaﬁ iIERS. ATanged nto gHb-Yagks n A FAVPEBB Seodi ng

(AVQ). Thegfoaebni AUSS s%EdirB'sﬁpIQ)'r@ GhtRSHERtiTRONRYBSus bASR siRE, shiimst Bhyt 5, any
particular _coding standard. Although not shown in FIG 1, in sone aspect s,

vi deo encodéy 9221 4y 4 fademasemoercnpg alma§x8e8>é tehtoany mn@@mméoﬁs\mﬂh%amteaudu 0
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c.g., following a transformation process such as discrete cosine transform or a conceptually
similar transformation process.
[0050] Smaller video blocks can provide better resolution, and may be used for locations of
a video frame that include high levels of detail. In general, macroblocks (MBs) and the
various sub-blocks may be considered to be video blocks. In addition, a slice may be
considered to be a series of video blocks, such as MBs and/or sub-blocks. Each slice may
be an independently decodable unit of a video frame. Video encoder 22 and video decoder
28 perform inter-based predictive coding, which involves the generation of predictive
reference data and the subtraction of a video block to be coded from the predictive
reference data to generate residual data, which may then be transformed, quantized and
entropy coded. The inter-based predictive coding may include interpolation of the
predictive data in accordance with this disclosure.
[0051] Following inter-based predictive coding (which includes the interpolation
techniques of this disclosure), and following any transforms (such as the 4x4 or 8x8 integer
transform used in H.264/AVC or a discrete cosine transform DCT), quantization may be
performed. Quantization generally refers to a process in which coefficients are quantized to

possibly reduce the amount of data used to represent the coefficients. The quantization

process may reduce the bit depth associated with some or all of the coefficients. For



[0047] The ITU- T H 264/ MPEG 4 (AVC) standard was formulated by the ITUT
Vi deo Codi ng Experts G oup (VCEG together wth the 1SOIEC Myving Picture
Experts GvoupiBPEG) as t he product of a coll ective par Pagrushoog/okizesn as
the Joint Video Team (JVT). In sone aspects, the techniques described in
this disclosure may be applied to devices that generally conformto the
H. 264 standard. The H 264 standard is described in ITU T Recommendati on
H 264, Advanced Video Coding for generi&*audiovisual services, by the ITU-T
Study G oup, and dated I\/arch 2005, which may be referred to herein as the
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coefficients, e.g., following a transfornmati on process such as discrete
cosine tr aﬁgﬂérrﬁqyoporgprés@n%@ﬂqrug]tqr§. with different sets of filter coecfficients (filter taps).

Alternatively, the different pre-defined interpolation filters may comprise filters having
different numbers of filter taps, or possibly different types of filter configurations
altogether.

[0053] Also, according to another aspect of this disclosure, video encoder 22 and video
decoder 28 may apply interpolation techniques that climinate or significantly reduce
intermediate rounding of half-pixel values for quarter-pixel interpolation. In this case,
video encoder 22 and video decoder 28 may round the interpolated half-pixel values
purposes of half-pixel interpolation. For quarter-pixel interpolation, however, video
encoder 22 and video decoder 28 may store and use non-rounded versions of the half-pixel
values in order to reduce or eliminate propagation of rounding inaccuracies from the half-
pixel values to the quarter-pixel values. In some cases, slight rounding may be applied to
one particular half-pixel value that requires two levels of interpolation in order to ensure
that a fixed size storage clements (c.g., sixteen-bit registers) can be used to store any
intermediate values. In some cases, the impact of the slight rounding on the final accuracy

can be made to be zero by performing the rounding properly, as described herein.



simlar transformation process. [0050] Smaller video bl ocks can provide
better resolution, and may be used for | ocations of a video franme that

i ncl ude hwohrotvened2s of detail. In general, macrobl ocks PEBA)S2&M@402k@

vari ous sub-bl ocks nmay be considered to be video blocks. In addition, a
slice my be considered to be a series of video bl ocks, such as MBs and/ or
sub- bl ocks. Each slice nmay be an independently decodable unit of a video
frame. Video encoder 22 and video decod® 28 performinter-based predictive
codi ng, which involves the generation of predlctlve reference data and the
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connunlcatgﬁanxaﬁakmnﬁamﬂﬂuﬁgMgQ&mhgu@§ part of the coded video data. In

this case, [0 \6|5(Sj]eAs shown in FIG. 2, video encoder 50 receives a current video block within a video
frame to be encoded. In the example of FIG. 2, video encoder 50 includes motion
estimation unit 32, a motion compensation unit 35, a reference frame store 34, an adder 48,
a transform unit 38, a quantization unit 40, and an entropy coding unit 46. For video block
reconstruction, video encoder 50 also includes an inverse quantization unit 42, an inverse
transform unit 44 adder 51. A deblocking filter (not shown) may also be included to filter
block boundaries to remove blockiness artifacts from reconstructed video. If desired, the
deblocking filter would typically filter the output of adder 51.
[0056] During the encoding process, video encoder 50 receives a video block to be coded,
and motion estimation unit 32 and motion compensation unit 35 perform inter-predictive
coding. Motion estimation unit 32 and motion compensation unit 35 may be highly
integrated, but are illustrated separately for conceptual purposes. Motion estimation is
typically considered the process of generating motion vectors, which estimate motion for
video blocks. A motion vector, for example, may indicate the displacement of a predictive
block within a predictive frame (or other coded unit) relative to the current block being

coded within the current frame (or other coded unit). Motion compensation is typically

considered the process of fetching or generating the predictive block based on the motion



decoder 28 receives the coded video data, and can interpret the syntax in
order to identify the interpolation filter that was used by video encoder
22. AccorwDrgéwizeészideo decoder 28 can identify and use POE/TS2009/040260
interpolation filter during its notion conpensati on decodi ng process that
was used during the encoding process. The different pre-defined
interpolation filters may conprise simlar filters wwth different sets of
filter coefficients (filter taps). Altethatively, the different pre-defined
interpolation filters may conprise filters having different nunbers of
filter taps,.or possihl.y different tvpes of fil.ter confiquratiyon :
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hal f-pi xel interpolation. For quarter-pixel interpolation, however, video
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di fferent device. Videg enc?der 50 may performintra- and inter-coding of

bl ocks wi t FfRUPOES ST MCHRBICY I85%%h i ntra-coding is not illustrated.
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redundancy in video within a given video frane. Inter-cod|n§$relles on

tenpor al pioekfi eadedrimetéory earpesSaHioN VBTG echeRisd the Prediglivafes blosk dssaeiaiodi t hi n
with that motion vector. According to this disclosure, however, motion compensation unit
35 may consider several versions of any predictive video block that has sub-pixel
resolution. In this case, motion compensation unit 35 may apply a plurality of pre-defined
interpolation filters in order to generate a plurality of different interpolated prediction data
for the video block to be coded. Motion compensation unit 35 then selects the interpolated
prediction data (e.g., an interpolated video block associated with one of the interpolation
filters) that achieves the highest levels of compression. The interpolation filter that was
used to gencrate the interpolated data may be coded as interpolation syntax and
communicated to entropy coding unit 46 for inclusion in the coded bitstream. Once motion
compensation unit 35 has seclected and applied the best interpolation filter, the motion
compensation unit 35 generates the predictive data using that interpolation filter, and video
encoder applics adder 48 to subtract that predictive data from the video block being coded
to generate residual data.

[0059] Also, according to another aspect of this disclosure, video encoder 22 and video
decoder 28 may apply interpolation techniques that eliminate or significantly reduce

intermediate rounding of half-pixel values for quarter-pixel interpolation. In this case,



adj acent franes of a video sequence. Intra-node (I-node) may refer to the
spatial based conpression node and | nter-nodes such as prediction (P-node)
or bi-di rwecnivwned21 ( Bhrode) nay refer to the tenporal bageu/useomnemsé on
nodes. The techni ques of this disclosure typically may be applied during
inter-coding, and therefore, intra-coding units such as spatial prediction
unit are not illustrated in FIG 2 for sinplicity and ease of illustration.
However, the rounding techniques of thid7disclosure may al so be applicable
to spatial prediction and intra coding techniques. [0055] As shown in FIG
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conpensatioq unit 35 performinter-predictive coding. Mtion estimation
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descri bed Esidygl; tgsisapfbeckegetigiontst i BansEpens 3% fencxsmiple, may perform other

transforms, such as those defined by the H.264 standard, which are conceptually similar to
DCT. Wavelet transforms, integer transforms, sub-band transforms or other types of
transforms could also be used. In any case, transform unit 38 applies the transform to the
residual block, producing a block of residual transform coefficients. The transform may
convert the residual information from a pixel domain to a frequency domain.

[0061] Quantization unit 40 quantizes the residual transform coefficients to further reduce
bit rate. The quantization process may reduce the bit depth associated with some or all of
the coefficients. For example, a 16-bit value may be rounded down to a 15-bit value during
quantization. Following quantization, entropy coding unit 46 entropy codes the quantized
transform coefficients. For example, entropy coding unit 46 may perform content adaptive
variable length coding (CAVLC), context adaptive binary arithmetic coding (CABAC), or
another entropy coding methodology. Following the entropy coding by entropy coding unit
46, the encoded video may be transmitted to another device or archived for later
transmission or retricval. The coded bitstream may include entropy coded residual blocks,
motion vectors for such blocks, and other syntax including the interpolation syntax that

identifies the interpolation filters that were applied by motion compensation unit 35.



35. However, interpolation may be performed during notion estimation in
order to facilitate the selection of the best notion vectors. [0057] In
accor danceownedi2sdris di scl osure, notion estimation 32 seCeaiss0Mioe0260
appropriate notion vector for the video block to be coded by conparing the
vi deo bl ock to video blocks of a predictive coded unit (e.g., a previous
frame). At this point, notion conpensation unit 35 may perform
interpolation in order to generate predi®tive data at sub-pixel resol ution.
In sone cases, during notion estimation, the interpolation nay be based on

a fixed intgr ation fil.ter. |n,other ,cases he .di ffere i nt.er pol ati on
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Mot i on conpensation unit 35 then selects the interpol ated prediction data

(e.g., an LHp8Fat ed video bl ock associated with one of the interpolation

filters) t|u@e3pLi.eVRSa bidek RiBRastilhe¥ers aRfex SRAPRIFLSTABe dddhRel BO ekRiGhat i on
filter that was used to generate the interpolated data may be coded as
i nt er pol at Hesadeynyideo asycrssrihains eagoded rothe mpangpr/daseriied Jrermg.t Vadsofdgeoder
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compensation unit 55 may generate prediction data, which includes interpolating pixel
values of reference video data based on the interpolation filter identified by the syntax
clement. Specifically, motion compensation unit 55 may generate the prediction data based
on motion vectors received from entropy decoding unit 52 and the interpolations as defined
by syntax clement (labeled interpolation syntax in FIG. 3). Based on this interpolated
prediction data, the video data (e.g., a reconstructed residual video block) can be decoded.
[0064] Entropy decoding unit 52 entropy decodes the received bitstream to generate
quantized coefficients and the syntax (c.g., interpolation syntax and motion vectors sent to
motion compensation unit 55). Inverse quantization unit 56 inverse quantizes, i.c.,
de-quantizes, the quantized block coefficients. The inverse quantization process may be a
conventional process as defined by H.264 decoding. Inverse transform unit 58 applies an
inverse transform, ¢.g., an inverse DCT or conceptually similar inverse transform process,
to the transform coecfficients in order to produce residual blocks in the pixel domain.
Motion compensation unit 55 produces motion compensated blocks in the manner
described herein, ¢.g., including interpolation based on a set of interpolation filter

coefficients identified by the syntax element (i.e., the interpolation syntax).



decoder 28 may apply interpolation techniques that elimnate or
significantly reduce internedi ate roundi ng of hal f-pixel values for
guart er - pvReboynserpol ation. In this case, video encoder PR2/Us2@9wite®
decoder 28 may round the interpol ated hal f-pi xel val ues for purposes of
hal f - pi xel interpolation. For quarter-pixel interpolation, however, video
encoder 22 and video decoder 28 nmay store and use non- rounded ver si ons of
the hal f-pixel values in order to reducd or elininate propagation of

r oundi ng i naccuracies fromthe haI f pi xel vaI ues to the quarter-pixel
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coding unit 46 entropy codes the quantized transform coefficients. For

exanpl e, e?ﬂcpé‘idy coding unit 46 may perform content adaptive
[0067] FIGS. 4A-4D are conceptual diagrams illustrating integer pixels and interpolated

pixels that may comprise pixels of predictive video blocks. In the conceptual illustration of
FIG. 4, the different boxes represent pixels. Capitalized letters (in the boxes with solid
lines) represent integer pixel locations, while small letters (in the boxes with dotted lines)
represent the interpolated pixel locations. The lettered labels may be used herein to
describe the pixel locations, or pixel positions, or may refer to the pixel values associated
with the various locations. Pixel locations “aa,” “bb,” “cc,” “dd,” “ee,” “ff,” “gg,” “hh,”
“i1,” and “jj,” are half-pixel locations used in the fractional interpolations of various
fractional locations associated with pixel location “C3.”

[0068] Every pixel location may have an associated fifteen different fractional locations,
¢.g., in compliance with interpolations compliant with the ITU H.264/AVC standard. In the
example of FIGS. 4A-4D, these 15 different fractional locations associated with pixel “C3”
are illustrated. For simplicity and case of illustration, most of the other fractional locations

arc not shown (other than those mentioned above, which are used to generate one or more

of the 15 different fractional locations associated with pixel “C3”).



vari abl e I ength coding (CAVLC), context adaptive binary arithnetic coding
(CABAC), or another entropy codi ng net hodol ogy. Foll ow ng the entropy
codi ng bywernewipy92¢odi ng unit 46, the encoded vi deo nayPo@/uSe@asmizee ed t o
anot her device or archived for later transm ssion or retrieval. The coded
bitstream may i nclude entropy coded residual blocks, notion vectors for
such bl ocks, and other syntax including the interpolation syntax that
identifies the interpolation filters thd® were applied by notion
conpensation unit 35.[0062] Inverse quantization unit 42 and inverse
transform ypit, 44.a i uant i zatign and,inverse transforpation,
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motion estimation unit 32 and notion conpensation unit 35 as a reference

bl ock to i whishmaydwdeuntol/dokkel preaisivosHA9EMVyi deo frane. [0063] FIG 3 is
a bl ock di Ll ti NG I V] deg. dec r Whireh
decodes a flﬁlb Z@gh Es‘% ﬁ%&@%@ﬂ%&oﬁg?éﬁﬁagﬁgﬁ héélqngn%%rd% Z)gsi:tra?%ié %‘r%]?n.

Vi deo decoibethe bB@idontl wetbeecrigcalriirécvionCeppretisdy.i brthisrhic, phcl lbadtiopébT maybe t he

interpolation techniques of this disclosure for. decoding. . Ln particular, on
t he decodi ‘r‘i’éerg‘?lﬂlté‘,i_bﬁ%ﬁi%mﬁ%ﬁb@ﬁglét f%gn _"_tC§5 r?g"y rgwlé:ei%{}% _§6syr$_fr8 ar1%1’em=3nt
from entr opixcdReRINNeh"URbY b8 dntbhBlatdddRREd bhastedst pikdierRatBoN (i ¢85 > from

a plurality of different pre-defined i nter&%la ion filters. Mbotion
conpensat i 0F-ushd “BS” nBffgerdpigtnelgsioa diltery ore. ddiffarenivhite f ifiel tagesmay be

i nt erpol at el : [ -hased, on«t :
i nt er pol at %‘Ig%e?%géélre ya?édgﬁﬁt%{eg { %“EF(?%"?E‘%@ ﬂgagggnt )?X eg é%%ﬁl? %Sggd(;i}wagﬁefcﬂbe(rimti on
conpensat i ereinnilh FB36. #ayingeprdated pixthlecgroas i“b't mah“ldatra shaseditb shavitd, @and

vectors received from entropy.decodi.ng. unit..52.-and the interpolations.as
defined by &t BReIPEivoRs (?f)’ab ?’e § n?ce#po{:g"ti Gﬁ s{}ht’a %ln (ILZ?G B%)’. 5 ased
on this inierpahategonhedincddRmaglata, the video data (e.g., a reconstructed
resi dual video bl ock) can be decoded. [0064] Entropy decoding unit 52

entropy detMdEsFiGhdCrillegialcs pnpispasial sase the ngraeafcetwo levels of in’%rpolation- In

[13%:5)

particular, pixel location *j” is unlike the other half-pixel locations insofar as pixel location
“9” is itself interpolated based on other half-pixel values. For example, pixel location “j”
may be interpolated based on half-pixel interpolated values “cc,” “dd,” “h,” ee,” “ff,” and

[13%:5)

“gg” in the horizontal direction. Alternatively, pixel location *j” may be interpolated based
on half-pixel interpolated values “aa,” “bb,” “b,” hh,” “ii,” and “jj” in the vertical direction.
In FIG. 4C, interpolated pixel location “j” is shown with shading, half-pixel interpolated
values “aa,” “bb,” “b,” hh,” “ii,” and “jj” in the vertical direction are shown with right-to-
left cross-hashes, and half-pixel interpolated values “cc,” “dd,” “h,” ee,” “ff,” and “gg” are
shown with left-to-right cross-hashes.

[0072] FIG. 4D illustrates quarter-pixel locations “a,” “c,” “d,” “e,” f,” “g,” “i,” “k,” “1,”
m,” “n,” and “o” with shading, and illustrates the integer and half-pixel locations used for
such quarter-pixel interpolation (c.g., “C3,” “b,” “C4,” “h,” j,” “ce,” “D3,” “hh,” and “D4”)
with cross-hashes.

[0073] After motion estimation, the best motion vector for a given video block may be
identified, e.g., possibly using a rate-distortion model to balance the coding rate and

quality. Then, the prediction video block is formed during motion compensation using the



quanti zed coefficients and the syntax (e.g., interpolation syntax and
notion vectors sent to notion conpensation unit 55). Inverse quantization
unit 56 iwWoer®e2eanti zes, i.e., de-quantizes, the quanPCTaAd200eK60
coefficients. The inverse quantization process nay be a conventi onal
process as defined by H 264 decoding. Inverse transformunit 58 applies an
inverse transform e.g., an inverse DCT or conceptually simlar inverse
transform process, to the transform coefficients in order to produce

resi dual blocks in the pixel donmain. Mdtion conpensation unit 55 produces
noti on conpensat.ed bl.ocks in.the manner described, herei e.d.. J.ncl.udi ng
"ot er pol at Poh TRUCE SR a%s Pigr® ARRET G T RER REF oDk O B Py e PieiHe
identifiedﬂbMnghﬁkﬁwﬁﬂﬁxM?ﬂﬁFﬁmhhéEﬁgmalﬁha>bm%ﬁrppﬁamﬁﬁ?lﬁfmmﬁxmh&@ﬁﬁSL
Summer 64 decodes residu ocks by sunm ng the residua ocks with the
corres pondﬁiﬁgesbffvéh‘igleflf’&ﬂg Bredtersioge AagHeises B RS aegﬁ%@ﬁggﬁ o T 55 t o
form decodgd ! meks. | f desired, a deblocking filter may al so be applied to
filter the decoded bl ocks in order to renove bl ockiness artifacts. The
decoded vi H34bAsuRsFlaaSe 4AKEMN skavo thednicgerratd semples {alsmenllsd delepsels) wntheh i s
a storage gl QY] r > S e 140,
compensat i Siianac EEbRs el 3R S RSP ph gl DR RENTLL oRlsHRD
(such as devisatepi6l pbsitrdns which JrOQbGn Agrainteget-pieelt @atpid GUES and ldbbied “a”

di scl osure_concern.nmtjon.c | nter ation i.n which pixel., val ues
of predi ct Y& iaeal%cEé-@@ﬁﬁ?éﬁg%ﬁl&ﬁaﬁ)%méﬂ@?ﬁﬁl&&%ﬁ egﬂmﬂﬁ onMBhe
encoder Uusgs chib@lafc el GHES tIRf otdilimheAlisedl GStp ewl@ed BREL | AY RrcieShalrale
interpolation filter froma plurality of pre-defined interpolation filters.

The di f f er Bofition T e1ey remayretiwodeghaeitibisiipleolyionivping Octap fifeting. o this|cess
coeffici e”%og’ i é&ﬁ{icﬁ{“" ”WHE"%E&@OBEOJ hit%r‘%é aﬁ@?e%fﬁrgﬂ S horPon bf&ifRtnd ! | LEr
types. The &Coaer |ntéfprets yntax el ements sent fromthe encoder I n
order to i thentinftie vbhicgadeecdesi peatibly weh inkrmalize poindingoof fitdrp@ated pixel
coefficient 0067 GS. 4A-

i agr ams. 1 1TSS [T A GG o RS o T4 B 5o 1 B Bisear B L ey
conpri se piixRbsbRistRiRAdIEhine Ref@Mity Qek@r-pixBl pdraiono RELHEH ahteipblatsdlt viat | on
of FIG 4, the different boxes represent piXxels. CaEiIaIized letters (in
t he boxes filterHnedhatiuges a bilinear filter and the already calculated half-pixel samples.
[0075] The ITU-T SG16/Q.6/VCEG (Video Coding Expert Group) committee has been
exploring coding technologies that offer higher coding cfficiency than H.264/AVC. Such
exploration is done in the KTA (Key Technology Areas) forum. One of the coding tools
that have been adopted into KTA is called adaptive interpolation filter (AIF). AIF offers
large coding gain over H.264/AVC, especially on video sequences with high resolution
(e.g., 720p). In AIF, the interpolation filter for each sub-pixel position is analytically
calculated for cach video frame by minimizing the prediction error energy. The
analytically derived adaptive filter coefficients for cach frame are then predicted, quantized,
coded, and sent in the video bitstream.
[0076] The techniques of this disclosure may achieve comparable coding improvements to
those achieved by AIF, while reducing implementation complexity relative to AIF. The
described techniques may require no analytical process to derive the filter coefficients for
cach video frame. Instead, in one example, different sets of filter cocfficients are

pre-calculated and pre-defined for real-time application. In this case, the pre-defining of

filter cocfficients may be based on AIF applied to test sequences, or other selection criteria.



| i nes) represent integer pixel locations, while small letters (in the boxes
with dotted lines) represent the interpolated pixel locations. The lettered
| abel s nayohkeowrzertiherein to describe the pixel |ocati oRET/USROOPIOXELO
positions, or may refer to the pixel values associated with the various

| ocations. Pixel locations "aa," "bb," "cc," "dd," "ee," "ff," "gg," "hh,"
"ii," and "jj," are half-pixel |ocations used in the fractional

i nterpol ati ons of various fractional |oéations associated with pixel

|l ocation "C3." [0068] Every pixel |ocation may have an associated fifteen

di fferent tional ons lia ce erpol.ati.ons
Compl i ot 1037 TRES AR SR R ATe utienleR 48R Recn S et w108 IRRERY RS
t hese 15 diwd- elhﬁemloiﬁaﬂanemsqmdblé ATRINOAIF g sisoetaideid aVUepiiaHﬂb »afF (8-@G3r), ané

|IIustrate sinmplici and e of illustratio nost _of the other
fractionalt 15&1115‘\15%%%{ Eﬂfeﬂfﬁﬁer@t@é\m %%W%Vﬁb@ﬁ thise B A meh Bfethe whi ch

are used t%nﬂ?ﬁ?a'iﬁic@l Prld€es3to rH@ﬁ@e afc filke cberiidnfsedith &r&plairklac1dvPe@ht ons

associated with pixel "C3").[0069] In the ITUH 264/AVC standard, in order

to obtain thgliaélr%ﬁE 3atanh&4nfiplpl xel positions, a 6-tap W ener filter wth
sed. ..Then, order to

Chehin 1 orabEAsBe 2oxs JgPtdé‘ine‘bsil%%’]é n?ﬂa%%@%aﬁﬁﬁl%aﬂ% SR 1 £y § Tseal

The bilinegr filt in fr ctlona er ol n for
{he chr omadconbihenr PR e ALyMAEY s RGP ko BBy uEPEIBR IO

H. 264/ AVC. 4 A00Y, O]I\Idrlalt}fat B xethei lrﬁ apekdt pitbnofap) xer “cocar’ omsand ™1 asre " h"
are denmonstrated in FIG 4B in the horizontal and vertical directions
respect i veP§e-dimniipnal suaiicl prsiEens; stut BRY e antirPpBliiicerahatied dted on
i nteger pixelge t}gt the plgalctloﬁ:%ixels §Ahe 1ntgg§r- 1)@[‘9051%5"(A$' m&%ﬁl% 1onI>€%|
| ocation "h" nmay be interpol ated based on |nt eger pixels " "

"D3, " "E3,#AdhY ihFl: tef@eddeeramnt taketler patlataluws of il t where(ig 0., SdTha‘ttels ezht sets
of filter taps) nmay be applled to generate different interpol ated val ues of
pi xel | ocatakenthe volucarid?,; h'..,a%s6 thissc thebethichdr Bj, n...,IH ®ke. thd Balup rf ét pol at ed
pi xel locations "b" and "h" are shown with shadi ng, and integer pixel

| ocati ons 4@ F6 theR fifc @hye of £4, ThECEhe it@Polatctl Adluc J Bat sub E8¢], posibsh SP; E3"
and "F3" are shown with cross-hashes. [0071] FIG 4C illustrates one

speci al cas€ < {at,ohayay boealqudatedwrsingthe fadlopfing ¢eruetigol at i on. | n

[0079] Let S, , be the pixel value in the current video frame at position (x, y).
X =x+|mwx|-FO, y=y+|mw]|-FO,

where (mvx,mvy) is the motion vector, (\_mvxj,\_mvyj) is the integer component of the

motion vector, and FO is the filter offset. For example, in the case of 6-tap filter,

FO=6/2-1=2 . For each sub-pixel position SP, the prediction error energy

(eSP )2 between the actual pixel value in the current frame and the interpolated value can be

accumulated for all pixels that have motion vector precision corresponding to sub-pixel

position SP. The prediction error energy (eSP )2 is calculated using the following equation:



particular, pixel location "j" is unlike the other half-pixel |ocations
i nsofar as pixel location "j" is itself interpolated based on ot her
hal f - pi xeWovadwes221 For exanpl e, pixel location "j" may [PETIUSR@OPMI260 ed

based on hal f-pixel interpolated values "cc,” "dd," "h," ee,” "ff," and
"gg" in the horizontal direction. Alternatively, pixel location "j" may be
i nterpol ated based on hal f-pixel interpolated values "aa," "bb," "b," hh,"

"ii," and "jj" in the vertical directiof® In FIG 4C, interpol ated pixe
|l ocation "j" is shown with shading, half-pixel interpolated values "aa,"

"bb," "b,"™ hh," "ii," and "jj" in the vertical direction are shomn W th
right toleft cross- hashes and hal f-pi xel interpolated values "cc," "dd,"
"h," ee," "ff, '@ggg gg" are shown with | eft-to-rightycross hashes [ 0072]
FIG 4D illustr Er=p X El= tsi on RBG, A" (g f," "g,"
"Ltk ot "§E§E and "o" %ﬁzéhadlgé;?and if lstrates the integer
and hal f - plxel Iocatlons used for such quarter-pixel interpolation (e.g.,

"C3," "b," "C4 " "h," j," ee " "D3 " "hh " and "D4") with cross-hashes.
[0073] A1 ¢ RiosPEL QNP5 TRk Al hOGIRESE: 0L AMRELALAOF AudbieR ay?ogeo

bl ock may L denti y using a rate-distortion no

bal ance thg gﬁ%@gmbﬁ'ﬁfg tﬂE‘Qe%ﬁ'v& b¥ (e g S h%th Ireiiﬁct%‘%l&’é filkdrQBerYib AR Pt 0GKe |

formed durin tion conmpensation u g thebest notion vector. As’ outflned
above, thepfgsdrdabuatioden %Q%el R eﬁ@anrf@%ebmn%é%f aatd AgridieitPiRAIfGt then

vi deo bl ock from the original vi deo block. A transformis then ap I|ed on

t he resi dugirdsl setkpelarpditioneSA r des Fenhniwoodimehsipnshsub-arxel pesdn x8d fande.”

ent r opy coded“to“ urt her. ce, bi ate. 74 ow

t he |nteger-pﬂkeﬂzsaﬁﬁles ?S#sg 2% dggh Eq%'f% A?Q&Bl{ﬁmggfpéé §§§€ with
upper - Casee¢ﬁmbﬁy®uhF@nMGManmﬁdmSoh&ég@bfﬂkXﬁhmﬁﬂgﬁM@pm&hﬁﬁﬂm&ﬁéa”“b”

aItogether“l5“ dh‘g;xe positions, ich are sho far |er anpl e
"c3" and | dbei 8 b b gifichomay [Py Eguirg AL as- et ARG Gysfefps of ©
hal f - plxe|e@ﬁﬁb&hgﬁ%es ved."h,"” and "j" may be calculated first using the

one-di nensi onal 6-tap Wener filter. As not ed, hal f-pixel position "]
require two |l evels of th|s interpolation using 6-tap filtering. In this

may

case, for pixel posit{on "j," the interpolation filter is applied first in
the hori zont al gLfé@t on and
ohy
2
hlSP X+l +}
ah{zz( R } ®

:ZZ(S ZZ hzsf x+zy+]] X+k,7+1
x oy

Vi, e {0;5}

[0081] In summary, an example process of deriving and applying the AIF filters may have
the following steps:

1. Motion vectors (mvx,mvy) may be estimated for every video frame to be coded.
During motion estimation, fixed interpolation filter (e.g., the interpolation
process of H.264/AVC) can be applied.

2. Using these motion vectors, prediction error energy for each sub-pixel position

SP may be accumulated over the current video frame. Then, adaptive filter

coefficients 4 can be calculated for cach sub-pixel position SP independently



then in the vertical direction, possibly with internediate roundi ng of

i nterpol ated pixel values after interpolation in one dinension in order to
ensure t o 20@r2eean be stored within sixteen-bit storageTalSermenimso

Remai ni ng quarter-pixel positions are then interpolated via filtering that
uses a bilinear filter and the already cal cul ated hal f-pixel sanples.
[0075] The ITU T SGL6/Q 6/ VCEG (Vi deo Codi ng Expert G oup) commttee has
been expl oring codi ng technol ogi es that #bffer higher coding efficiency than
H. 264/ AVC. Such exploration is done in the KTA (Key Technol ogy Areas)
forum One of the corgl}nri\ o oo{hs th .ttihave rbeenr ad0|c11tnet¢fll i.nto rK;[lAﬁins r(;arl | ed
adapti ve i nter pol zlia%'i S A et e(%e%f.o%egoofe?%?\é aIsargeect?z)v(?fi ]?18 éa? h “ovey

H. 264/ AVC, especi alhatiodnaboiveeo sequences with high resolution (e.g., 720p).
In AIF, the i nter&oel ation filter for each sub-pixel position. is

anal ytical l'y cabciit BWIPBrveslEh oyl d¥a be sy nPhiing Jhingnetiee piiguiiet on
error energy. Theanaly Ttﬂecﬁiai)ﬁfvéjﬁl'fér%/@gi(ﬁldﬁ%rk ¥Embittd 8K st‘é?@f fob G b8 plidOr
each frane are then predicted, quantized, coded, and sent in the video
bitstream [0076] Using thecddlaptgivemtapoletiins fillprs.cmotom estimsticacprii@v.ecayserbhy abl e
codi ng i nprovenents to th i eve I i r i 1.l ation
conplexity rel ati \?gasil%’,&?%gr%@ggdg%séé%‘gg%ﬁ t %tc%ﬁrq]%él}%g n?n(gﬁéﬁrpggdﬁ%t{r% Iﬁg}?%

anal yti cal procesachiovederive the filter coefficients for each video frane.

| nst ead, | e exanple, different sets of filter. coefficients are

pre-cal cul [hog? éﬁ&hrgg 8&18&%/% creheRes s the s a&ﬁleﬂlfaﬁamcswaﬁghvep Oedbe, the
pre-defini ggreRfncdd bdtREcrCOBICs ichEREL HofBY 11D BRSAMMIRR ofAufig@P Rl dodfRcib RSt
sequences, or other selection criteria.[0077] Three different types of AF

schenmes havedbebptherdhgtingriokation Kitisrs qgescparplle or 0y angoviyit fdies parpart (ic.,

non- separ abh bl Wit uche AR & RedoRr A SrAE(HAhE) ol the

third is an I rectional ters wever
schenmes usgynhersamestamed phi thal APt dittessart oingesddv & trétiice ithe ewnmbeefof i fdicent s,

i on TS SR OSSIREL Y Sl 0, RO pEEpll e W a an exammle [0076)
i,j = 0...[008BHASRchapias®ols R0 AVIE ink&rpsBoPisxRlrfop@sd Witntefraedidte ough
9%31 fh'(')\é\fnl" ! p(&lglh%wpglghgp[g" 1(!3>l(?r;[§/|eegttiorhaahy,6ha(l)ftpi§§fgepo%i?ioisu ?‘-b?’l X ﬁ,l” aFrjlgs“lj’:[)la(r)en%lt;rgc’i R
and rounded before they are used to obtain the quarter-pixel positions. Moreover, during
bilinear filtering, which is used to obtain the quarter-pixel values, upward rounding may be
used (i.e., (atb+1)>>1 may be used in conventional bilinear filters). Such frequent and
biased rounding operations may reduce precision of the interpolation filters. In particular,
simulations have shown that higher-precision interpolation filters derived directly from the
6-tap Wiener filter and the bilinear filter used in H.264/AVC, provides significant gain over
H.264/AVC, especially for the high definition video sequences, such as the 720p
sequences. A significant portion of the gains achieved by the AIF schemes (NS-AIF, S-
AIF, and DAIF) may come from the fact that these AIF schemes use higher precision filters
than H.264/AVC.
[0084] In accordance with this disclosure, a relatively simple switched interpolation filter
with offset (SIFO) scheme may be used. Instead of adaptively deriving the filter
coefficients for cach frame, which is a very costly process at the encoder side, the SIFO
scheme chooses between a plurality fixed filters, e.g., which may be respectively defined
by plurality of different pre-defined sets of interpolation filter coefficients. The choice of

the interpolation filter may be done cither on the frame level or on the sub-pixel position



one-di nensi onal sub-pi xel positions, which may use a 6-tap filter to
interpolate. Also assune that the prediction pixels at the integer-pixel
posi ti onswOAbowfzs2ugh F6 in FIGS. 4A-4D) in the refereneeTfusame/oteke t he

pi xel values of P where i,j = 0...5. That is, Al takes the value of PO O ,

. ., A6 takes the value of P50 , . . ., FI takes the value of P5 0 ,

., and F6 takes the value of 55 . Then, the interpol ated value p sp at
sub- pi xel position SP, SP e {a,...,0} ,*hay be cal cul ated using the

foll owi ng equation. ,SP [0079] Let Sx be the pixel value in the current
video fra t position, (X . =X +[avxj, - FO =y, + | - FO. where
(v vy T8t nRPRbehEh ehatefdiren 1] B gyed oo e Srnledhnct BRlishont

of the not iepecHest olf, dedinel, PO b&scti@ay¥ biksd &€ addcddsticr pledictiex anplie, DCrfkée case
of 6-tap filter, FO=6/2-1 = .. For each sub-pi xel position SP, the
pr edi ct i on™&¥ P[§P be pedeglorn %2’@@6 %’a%%f”(/\%%ar‘inﬂlﬁéa%%tﬁ%s’ ﬁrwmva%ogm may

current frgiged fhh&ich HaflcP@RIGH DB #&1CRP sRE o ADEWTHEAR By ftRTdcRAdd R XEl S
t hat have notion vector precision corresponding to sub-pi xef/ position SP.

The predi ctifisreneridoe blogks gfya frese DiffgertddC wffacte thay diewiglindseiofr oddhaukalgnd
equation: (2). [.008 1. Of - R i b - Y o i

i ndi vi dual g‘}sbelglggflmeeag’g{t?&;ﬁg&ﬁr‘%y E%%géﬁpeugﬁ%%a@ﬁ??%af f%%atlﬁlgts’d%ﬁrdi e hlise o (e
SF J with rfespebiscd ehdibe” friokd Broadlgetfercioentcsddd uniFbacthuhbies. af semuabsnns,
inthis case, is g}g.ual 0 t he nunber r coefficient S'B%IllSEd f or

f filte he
current sublS5ePT padiops gha dpme, re%a@f?’%-%ﬁm iSeratiely - 1pfivisialoeeded i on

n e’ n n ni , n n n

B A P j." "k, "m"™ "n," and "0" using a 6x6-tap
t wo- di nensi onal filter, a systemof 36 equations with 36 unknowns can be
sol ved. Fol008fleDiffnent sethgf Sesl bitste map dsius¢dbbismogon comppensationuntty 35 any 55 and

e o P S8, T TR Al WGP
based on H.264/AVC but with higher precision (without intermediate rounding for half-
pixel positions and biased rounding for quarter-pixel positions), or one or more scts of
customized interpolation filters. The set or sets of customized interpolation filters may be
obtained by using a set of training video sequences. Adaptive filters that minimize
prediction error energy may be derived by applying the analytical process used in AIF
schemes to the training video set. Then, the average filters for each sub-pixel position may
be calculated and used as the customized interpolation filters that are applied by motion
compensation units 35 and 55, as described herein.

[0086] The average filter for a particular sub-pixel position may also be normalized such
that all filter coefficients add up to 1.0. The average filter may also be quantized to a
certain fixed-point precision (e.g., 13-bit precision). The use of fixed-point precision in the
filter coefficient ensures that implementations across different platforms will not have
drifts. Furthermore, a true fixed-point implementation may be derived from such pre-
defined filter coefficients. Any customized filters may have different characteristics.
Specifically, different filters may be non-separable filters or separable filters, and different
filters may define different filter supports (e.g., 6x6 or 4x4).

[0087] In any case, the filter sct that offers best prediction in any given instance (e.g., the
smallest prediction error energy) can be chosen by motion compensation unit 35 during the
encoding process. Again, the filter set selection may be frame-based or sample-based

meaning that filters may be sclected for each frame (or other coded unit), or may be



P x+uy+) \\ p x+k,y+l VA ./ {0;5} [0081] In sunmary, an exanple process of
deriving and applying the AIF filters may have the follow ng steps: 1.
Moti on vewOan®/12692t, nvy) nmay be estimated for every vi @#€d/USeem®4i260 be
coded. During notion estimation, fixed interpolation filter (e.g., the

I nterpol ati on process of H. 264/ AVC) can be applied. 2. Using these notion
vectors, prediction error energy for each sub-pixel position SP may be
accurul ated over the current video franmg® Then, adaptive filter
coefficients h can be cal cul ated for each sub-pixel position SP

I ndependent | I Nj. 4 zi.ng .t h rediction err energy,as.int t wo
b ear ot on i Pr AFioHatd BioBk oL SRkt PEnFULE ISR b e
esti mat ed. udadr diffgrehhfiilser BBt infy be Séleerad fod Wiffyrat esfSrenédfeanadda Flutti@more, some

interpolatign filters conputed in st 2 y .be applied. Using_.the adaptive
i nt er pol at ¥ «?{elmqffaél?eé,mwavsrfraé%erl?wf i selecinms Whels pdhed refgreaeq HampyMakamer a

noi se, et ChayeRhRplaANGel @R cRRh §VhdtdnRIbRESH G RBHTRY Rl AIWEMYEHe
[0082] All three existing AlF schemes use the sane anal ytical process as

gi ven aboveustophecdififtdrercencelecisdt the stantdrd Jetescimeynsill ko gpplied| nethe halfipexchunber
of unique filter effi.cients use 3 he ] nt.er 1,0 ' rSqare
separ abl e %éméé%fgghhgﬁﬁgﬁ %iIt%rq%%ggg&@ﬁ%f&%&?k?ﬁ%g3@#§%#£§®f%%%ﬁ%%%ns
used t o i nbetheeklat eyb-pisclymediond.n each of these schenes, certain symetry

cone 11 Gl SR d B RER i, S ERL s

values may help to capture illumination changes between different video frames, such as
flashes, a darkening sky, and the like. In the scheme of this disclosure, DC offset may be
applied on the frame-level (all pixels in the frame use the same DC offset) or on the sample
position level (different pixel locations have different DC offsets). When sample-based DC
offsets are used, a total of sixteen DC offsets may need to be sent in the video bitstream
such that integer pixel locations and the fifteen possible non-integer pixel locations may
cach define different offsets. The application of sample-based DC offsets may be
beneficial because it may serve as a simple but effective motion segmentation tool. Take,
for example, a video frame that contains a darkening sky as still background and a moving
object as the foreground. In this case, the background and the foreground may have
different degrees of illumination changes, and using sample-based DC offsets may help to
capture the different degrees of illumination changes in the foreground and the background.
[0089] When multiple reference frames are used, different DC offsets may be calculated
and sent for different reference frames. Furthermore, some reference frames may have
frame-based DC offset while others may have sample-based DC offsets. One particular
scheme is to use sample-based DC offsets only on the reference frame that is closest in
temporal distance to the current frame, and to use frame-based DC offset for all the other
reference frames. Information may be coded in the bitstream to inform the decoder of the
type of offsets used, and the magnitude of such offsets at different pixel locations.
[0090] A sub-pixel motion vector refers to a sub-pixel position in a reference picture which
needs to be interpolated. H.264 defines one interpolation process for sub-pixels in which
sub-pixels b and h (see FIGS. 4A-4D) may be calculated by horizontal and vertical filtering
with a 6-tap filer having tap values (1, -5, 20, 20, -5, 1) as follows:



[0083] As nmentioned above, in H 264/ AVC, interpolation is performed with
i nternedi ate roundi ng operations. Conventionally, half-pixel positions
("b," " hwO2amw26921) are filtered and rounded before thegTASRMSER64 O
obtain the quarter-pixel positions. Mreover, during bilinear filtering,
which is used to obtain the quarter-pixel values, upward roundi ng my be
used (i.e., (atb+l)"l may be used in conventional bilinear filters). Such
frequent and bi ased roundi ng operations?hay reduce precision of the
interpolation filters. In particular, simnulations have shown that

hi gher-precision interpolation filters derived directly fromthe 6-tap
Wener filter and the bilinear filter used in H 264/ AVC, provides

signi ficant gaibl e@es*ER2RACAVI)*GaspesHall y for the high definition video
sequences, such as the 720p sequences. A significant portion of the gains
achieved by the AIF schenes (NS-AIF, SAIF, and DAIF) may cone fromthe fact

that thesewflk “6q h’e@_?’ e h@@,hebs’%&?i‘@é’%p%kén’ft eeSsid E‘l@&sﬁn?e%é{ ﬁYQs tH9084]
In accordance with this disclosure, a relatively sinple swtched

i nter pol at busreunil ['b'ein tai herizontab dircctisnAOfh Biskle 63 rayd Bet Usent the alosesadCat
adapti vel v, ferising tiendd Lbeks GRPHE] CLant s, boh, GACNLS (AT, Which is a very
costly process at e encoder Side, the SI'FO SCheme Chooses between a
plurality fixed filters, e.g., which may be respectively defined by

plurality of different pre-def] s of interpolation filter
coefficients. T%%‘%ﬁ%i@g+%¥€§ﬁ%&§ﬂ%éﬁ%ﬁf§tion filter may be done either on
the frame | evel or on the sub-pixel positionlevel, which my be referred to
as a frane-based choi ce or sanpl e-based choice, respectively. If desired,

DC of f set sWhety “ABso b’ ddtiedDaf t €37 ppeédi Tiicpisseraie helomdst waesepiscliiptal so
be added o ape: i - | & LG .«~kR «BREe ehksets
may be def?ﬁgghéogggg@h‘%pgﬁ%gwﬁﬁggéﬁgg?&%% g%fgg?sB?OPgééggggfggE %?fsets)
may be def amEES beindithid wxecdbsesi, ded“ A3 ookis FOT bang rhemext dibsefter ent DC of f set s
may be def| or. each_pi xel »Subzpnj xel interpol ated position. Frames
are one exgﬁgﬁefnc}kséﬁﬁeﬁleJﬁﬁ?%&ninﬁngﬂg %W%%‘gefﬁnfgﬁsne- based choi ce" nore
broadly refers to a coded unit-based choice. In sone case, slices or

portions of a frame, for exangle, ngy be coded separately as individual
coded units. b = max(0, min(255, (b1+16)>>5))

h = max(0, min(255, (h1+16)>>5))

where “>>” is a right-shift operation. In this disclosure, “>>" represents a right shift
operation and “<<” represents a left shift operation.

s 90

[0092] To interpolate sub-pixel “j,” an intermediate value “j1” is first derived as:

jl = aal-5*bb1+20*b1+20*hh1-5*iil+jj1,
where the intermediate values denoted as “aal,” “bbl1”, “hhl1,” “iil” and “jj1” are derived
by applying the 6-tap filter horizontally in the same manner as the calculation of bl at the

positions of “aa,” “bb,” “hh,” “ii” and “jj.” The final value j may be calculated as:

j = max(0, min(255, (j1+512)>>10)).



[0085] Different sets of fixed filters may be used by notion conpensati on
units 35 and 55 of FIGS. 2 and 3 respectively. Exanples includes a standard
H 264 filweno®eneoa filter set based on H 264/ AVC but wpPCh/Us2@la®n02p0 eci si on
(wi thout internediate rounding for halfpixel positions and biased rounding
for quarter-pixel positions), or one or nore sets of custom zed
interpolation filters. The set or sets of customzed interpolation filters
may be obtained by using a set of trai nthg vi deo sequences. Adaptive
filters that mnimze predlctlon error energy may be derived by applying

t he anal yt [ oce sed 0 the‘im aung“ Ldeo.. et Then,
t he averaggﬁ?#hfhrgx?gr 4?%3 5¥BT%§b938n nay bg cdlcéla edE Hdused
as the custoniaebe ddatved podoadlmg)fb Tiadlé ebsg atzdsragm@f}e tappkhrest phyelsmtintdger and
conpensatlo unlts 35 and g descrls ed herein. [0086] The average
filter forhaff-prkRosiiiogs andf mb? 1“%6@W¥' -al so be normalized such that
all filter coefficients add up to 1.0. The average filter nay al so be
quantized to a certain fixed-point precision (e.g., 13-bit precision). The
use of fixed-geblatl precision in the filter coefficient ensures that

i mpl ement gt ¥ ifferent platforms will not have drifts.
Furthernofre,*a Pr e Tixed-point inplenentation may be derived fromsuch pre
defined f|tt@en+popbticients. Any custom zed filters may have different
charact er |stics—Specifically, different filters nay be non-separabl e
filters of Js&PaPabralfillters, and different filters may define different
filter suaagb§§h41>gl, Ox6 or 4x4). [0087] In any case, the filter set that
of fers be predi ction ijn any given instance (e.g., the smallest prediction
error ene’gywb&an>be chosen by notion conpensation unit 35 during the
encodi ng preee Agatf- the filter set selection may be franme-based or
sanpl e- bas€ +ﬁ§§ﬁ?ﬁg that filters may be selected for each frane (or other
coded uni [ }=jQct+Mpyi1besel ected for different video blocks of each frane.
When mult|ple reference frames are used, different filter sets nmay be

sel ect ed for(dibftfigrdnt rleference frames. Furthernore, sone reference franes
may have rrane-based—fit+ter selection, while other reference frames may
have sanpl e-based filter selection. Wen frane-based filter selection is
used, and woes Thepigelshioqiaredpikéllositioselabdlsd &elegTlogthim, ad Sé adrelaslculbted t er s

may still be applied on the half-pixel
4 accor(P g to Table 2 by averaglngg the two nearest pixels at half-pixel positions in the

VJ

CJ

diagonal direction and then applying upward rounding.

Table 2
¢ = (b+h+1)>>1

g=(bt+eet1)>>1
m=(h+hh+1)>>1

o=(ecthh+1)>>1

The final values of those quarter-pixels may be finally clipped to values in the interval
(0,255).

[0095] In order to keep the highest possible precision through the intermediate steps, any
shifting, rounding and clipping operations may be avoided until the very last step of the
interpolation process. Unlike in the H.264 standard defined implementation, the pixels at

quarter-pixel positions labeled as “a,” “c,” “d,” “L,” “f,” “i,” “k,” and “n” are derived



positions (e.g., positions "b,”" " h,” and "j") while the custom zed filter
set may be applied on the other sub-pixel positions. [0088] Ofset nay al so
be added wornevgi2szer pol ati on. Addi ng DC of fsets t o thePprascaviosnzeyal ues
may help to capture illum nation changes between different video franes,
such as flashes, a darkening sky, and the like. In the schene of this

di scl osure, DC offset may be applied on the franme-level (all pixels in the
frame use the sane DC offset) or on the2$anple position |evel (different

pi xel 1 ocations have different DC offsets) When sanple based DC offsets
are used, a to vi deo

b1 st eam GieherTaoR SHER e b SEh T TR oIRE e e R rREBH e pBe MBS

non-i nt egerb,pikkely’ ‘@eatndrih, mayh eacdrd dafidiig. di fferent of fsets. The
application of sanple-based DC of fsets may be beneficial because it may
serve as a sinple but effective notion segnentation tool. Take, for
exanpl e, a videp,fitgame that contains a darkening sky as still background
and a noving object as the foreground. In this case, the background and the
foregrounjwﬂ£§<ﬁ&ﬂe+62ﬁférent degrees of illum nation changes, and using
sanpl e- base y help to capture the different degrees of

i1l um nat 8K %ﬂgigzﬁ>§he foreground and the background. [0089] Wen

mul tiple @i@neaseﬂﬁggﬁes are used, different DC offsets may be cal cul at ed
and sent tor different reference franes. Furthernore, some reference frames
may have fFARB<BEded3PDE6f(f set while others may have sanpl e-based DC

of fsets. ]ngtﬁp%Fﬁgﬁschene is to use sanpl e-based DC offsets only on
the reference frane at _ijs closest in tenporal distance to the current
frame, angi=(0>usSehift3aye-6based DC of fset for all the other reference franes.
| nf or mat i pp—ray—be—-coded—+n the bitstreamto informthe decoder of the type
of offsetskﬁ@§%5+ﬁﬂd§¥ﬁeﬁnagnitude of such offsets at different pixel

| ocati ons[, LUESRL Ay -Sup=Ri xel notion vector refers to a sub-pixel position
in a refetence picture whilch needs to be interpol ated. H 264 defines one
interpolation process for sub-pixels in which sub-pixels b and h (see FIGS.
]flfA\I g:_:)) hg\al'?/lnngt%{sg(‘%sesa eﬁl‘t[é ggnae%}/atp gglh%?ﬁ%nt%ﬁd g‘sn%eY’%gr}(f %%#” ]Tclr:e lgl;[evrg\';eltglﬁ%/ é’ﬁnpfyri]nga’thg tap
=0 - 5* C2+2044p3 RO b dallCamBorizontally in the same manner as the calculation of “h1” and

“b1” listed above, but at the positions of “ce” and “hh.” Rounding may be avoided at this

stage in the generation of “cel” and “hh1” as described herein.
[0096] The pixels at quarter-pixel positions labeled as “e,” “g,” “m,” and “0” may be
calculated according to Table 4 by averaging the two necarest pixels at half-pixel positions

in the diagonal direction with upward rounding.

Table 4
¢ = (bl+h1+32)>>6
g=(bl+eel+32)>>6
m=(h1+hh1+32)>>6
o=(ecl+hh1+32)>>6

The final values of those quarter-pixels may be clipped to values in the range (0,255). By
preserving the full precision of the intermediate values, the interpolated sub-pixels will be

more accurate. In particular, half-pixel values at locations “b,” “h,” “ce,” and “hh” may be



where "d," "C2," "C3," "C4," "C5" and "C6" represent the six closest

i nteger pixels that surround "b" in the horizontal direction, with pixels
"C3" and wG200desng t he cl osest, "C2" and "C5" bei ng thecmawsoloerest, and
"C" and "C6" being the next closest. hi =A3-5*B3+20* C3+20* D3- 5* E3+F3 where
"A3," "B3," "C3," "D3," "E3" and "F3" represent the six closest integer

pi xel s that surround "h" in the vertical direction, with pixels "C3" and
"D3" being the closest, "B3" and "E3" béfng the next closest, and "A3" and
"F3" being the next closest. [0091] In this case the values of "b" and "h"

be defjned 2P « |,,+1 =
(! +16)* )yl ol REEL o TR ey 4R 0 o TPBt L alplnict o

repr esent sgéncfdtight shift operatlon and """ represents a left shift
operation 092] _To interpolate sub-pixel "j," an internediate value "jI"
is first dE{“SZ]eHn@émn?telV Rgmplgon it o] 25w s |cs>mpﬂca%élrnée He

i nter medi afngr¥RhitESatdRPRLE r@cﬁnre@-@\lv@) TeveRRYf half" Iﬁf@l interpolation. @M paidtichlar, 36 €
derived by applying the 6-tfap filter horizontally in the sanme manner as the

cal cul at i omtaspolpte|”), atwanebigoni bfowgumﬁd togepresenthe interptgdiate'value ‘ghd Injthis" The

final valu %. lc g Ajc b

& 13512y 157 ToRedeiRle nghr 25t o am TR DEERPhin syt o s -

"c," "d," {&dbe,"thé bpérationg' dlsckssed abbe miy baiynidendesd vkl ndcaonalifigition sdabite 1

by averaglqg t he.two n EIX6| %%’ i nteger a d half%ﬁlxel QSItHﬁﬂS and

then appl yMhgPUpNRES F2p ﬁﬁ’ﬂﬁ’ﬁb 1Xt?St‘E)I i JF€E§+‘1V‘)t qut AERIGAryeigion.

d=( C+h+l) jnterpstbh it bt ko™ bnd =(3+Bil) bd the same as that defined above, except that their
intermediate versions “b1” and “h1” may be stored for other sub-pixel interpolation. The
following Tables show the interpolation process for other sub-pixels in sixteen bit storage
clements. In the Tables below, the operations defined in cach column are performed
sequentially through the respective table. Shaded rows contain operations that are

performed at the end of the process, and are not used for interpolation of other sub-pixel

positions.
[0098] Table 5
positions {a,c,d,I} of FIGS. 4A-4D
Operation Comment Min | Max Register
value | value | size
rl =x rl is integer pixel x 0 255 8u
rl =rl<<5 rl is 32*x 0 8160 13
u
r2=y0 r2 is y0 (y0 is a one-dimensional (1- | -2550 | 10710 15s
D) half-pixel such as b1, hl, ecl and
hh1 before shifting down)
rl =rl+r2 rl is 32*x+y0 -2550 | 18870 16s
rl =rl+32 rl is 32*x+y0+32 -2518 | 18902 16s
rl =rl>>6 rl is (32*x+y0+32)>>6 -39 295 I1s
rl = max(0,rl) clip r1 on the low side 0 295 10
u
rl = min(255,r1) clip r1 on the high side 0 255 8u




i =Gth+l )"l k=(j +ee+l )"l n=(j+hh+l)"l [0094] The pixels at quarter-pixe
positions | abeled as "e," "g," "m" and "o0" are calculated according to
Tabl e 2 byoavevragizmg t he two nearest pixels at hal f-pi xeCTpsgewioarrso i n t he
di agonal direction and then applying upmard roundi ng. Table 2 e = (b+h+l )"l
g=(b+ee+l )"l me(h+hh+l )"l o=(ee+hh+l )"l The final values of those
quarter-plxels may be finally clipped to values in the interval (0, 255).
[0095] In order to keep the highest posdlble precision through the
i nternedi ate steps, any shifting, rounding and clipping operations my be
avoi ded until the very last step of the interpolation process. Unlike in
the H 264 standard defined inplenentation, the pixels at quarter-pixel
positions [m@be] ed as "a," "c," "d," "1Tablefe," "i," "k," and "n" are
derivedaccording to Table 3 by, averaglng tgF e} nearest plxels at integer
and hal f - pi xel p05|t|ons " b, POsitpns {e gm0} gbFIGHAA4h v with upward

rounding. @g f 3" St © C-( CA SFDI ¥32)" BT {h C3TRERT +3 g@mr
| =( D3" 5+h 2) 6 f (j| 5+bl +32)"6 i =0 |1 "5+hl +32) "6 k=0 |"5+eel +32)
value | value |size
rl =y0 rl is yO (y0 is a 1-D half-pixel such as | -2550 | 10710 |
bl, hl, eel and hhl before shifting 5s
down)
2=yl r2isyl (yl is a 1-D half-pixel such as | -2550 | 10710 |
bl, hl, eel and hhl before shifting 5s
down)
rl =rl+r2 rl is yO+yl -5100 | 21420 |
6s
rl =rl+32 rl is yO+y1+32 -5068 | 21452 |
6s
rl =rl>>6 rl is (yO+y1+32)>>6 -79 335 |
Is
rl = max(0,r1) clip r1 on the low side 0 335 |
Ou
rl = min(255,r1) clip rl on the high side 0 255 8
u
[00100] Table 7, below, illustrates a sixteen-bit implementation of deriving pixel

value at pixel location “j.” All 1-D half-pixels “aal,” “bbl,” “bl,” “hh1,” “iil” and “jj1”
are obtained without any shift down. The clipping range to avoid overflow is (-
2372,18640). Again shaded rows in the table indicate operations that are only performed at
the end of the interpolation process, and these results are not used for the interpolation of

other sub-pixel positions. The intermediate value “j1” will be saved for the interpolation of

(13 2 “ 2% @ 2 (13 2
f, k” and “n



n=0 | "5+hhl +32)"6 In this case, the internedi ate val ues denoted as "eel"
and "hhl" are derived by applying the 6-tap filter vertically and
hor i zont aWwDyoewi2692¢ sane manner as the cal cul ati on of "IRCT/Usne9/0d260 | i st ed
above, but at the positions of "ee" and "hh." Rounding may be avoi ded at
this stage in the generation of "eel" and "hhl" as described herein. [0096]
The pixels at quarter-pixel positions |abeled as "e,"” "g," "m" and "o0" may
be cal cul ated according to Table 4 by averagi ng the two nearest pixels at
hal f - pi xel positions in the diagonal direction with upward roundi ng. Table
= (bl +hl +32) "6 g=(bl +eel +32)"6 n=(hl +hhl +32)"6 o=(eel +hhl +32)"6 The
final values of those quarter-pixels may be clipped to values in the range
(0, 255). BpopoHserving the full precisitubleof the i ntermedi ate val ues, the
i nterpol at ed sub-pixels will be nnre ccurﬁé particul ar, half- plxel
val ues at locations "b," "h," 'nogitionah Pt ‘H£§Dbeunrounded val ues denot ed
as "bl," TBheratiofe! » ~ and[ CBRhenf OF PUTPOSES Of qUgkher - Piel [GeRREAT! on.
[0097] Unfortunately, intgrpolation of value "j" ¢an be |more gonplicated
since the interpolation at p05|t|on j reqU|res tmovwgvelswtmzkabk p|>e
interpola.uuu —parttct tel tyentyrhists
required t ré%resent t he %Fér%ﬁ#&’f’g ﬂifgomjl .'jﬁ—srq thmsflg 1§§ t he
internediate version "j|"| efiftihg'dowRy be rounded to fit w thin|sixteen bits.
In this casethe operatipns discussed gbove may be | npllepented with m nor
nodi fi cat | B ¥d that all op?ewalrlpélﬂ@p@@hﬂibﬁfovﬁthu 0 -3150t elet 701 188t a
structures without sacrif $h@@>95§ﬁ|5|on The interpol atfion off "b" and "h"
may be the _sane as that de é ove, except that their| interlnediate
ver si ons 'til—rla+m21 "hi " rrayrlbey@fxﬁred for other sub -pli0Rel | 2114eeripoékati on. The

f ol | owi ng Tables—showthe+nterpolatio ess—fFor—other—sup-mpiscelsiin
si xteen b f2 s¥brage yi 1s‘f—lﬂfalflp1xel bb'f bef'ore 2550 | 10710 |58

shifting down

3=y4 y4 is1-D half-pixel iil before -2550 [ 10710 | 15s
shifting down

r2 =r2+r3 r2 is yl+y4 -5100 | 21420 | 16s

rl =rl-r2 rl is (yO+y5)-(y1+y4) -26520 | 26520 | 16s

rl=rl>>2 rl is ((yO+y5)-(y1+y4))>>2 -6630 | 6630 | 14s

3=y2 y2 is 1-D half-pixel bl before -2550 [ 10710 | 15s
shifting down

4=y3 y3 is 1-D half-pixel hhl before -2550 [ 10710 | 15s
shifting down

r3 =r3+r4 r3 is y2+y3 -5100 | 21420 | 16s

r3 = max(-2372,r3) clip r3 to avoid overflow (low -2372 | 21420 | 16s
side)

r3 = min(18640,r3) clip r3 to avoid overflow (high -2372 | 18640 | 16s
side)

r2 =r3-r2 r2 is (y2+y3)-(y1+y4) -23792 | 23740 | 16s

rl =rl +12 rl is ((yO+y5)- -30422 | 30370 | 16s

S*(yl+yd)+4*(y2+y3))>>2
rl =rl>>2 rl is ((y0+y5)- -7605 | 7592 | 14s




el enments. In the Tabl es bel ow, the operations defined in each colum are
performed sequentially through the respective table. Shaded rows contain
oper at i onsotb@r12692¢ performed at the end of the processpCcans$2@omsnret used
for interpolation of other sub-pixel positions. [0098] Table 5 positions
{a,c,d, 1} of FIGS. 4A-4D0 0099] Table 6 positions {e,g, mo} of FIGS. 4A-4D

[ 00100] Table 7, below, illustrates a sixteen-bit inplenentation of
deriving pixel value at pixel location %}." Al 1-D hal f-pixels "aal,

“bbl," "bl," "hhl," "iil" and "jj|" are obtalned wi t hout any Shlft domn
The C| | ppr1g |a||gc to—avo 372 18640)—Agatr nshadedyr ows
in the taple indicate opergﬁVg 5%¢%&2%?@ oﬁly perforned at tHe end of the
i nt er pol af tjoArPF L eSS, andHQQQ§@+¢§sults are not Used7f orogohe |i1aker pol ati on
of ot her sub-pixel positip The intermedi ate value "jI" wlll be saved for
the interpolation of "f," 5*QW+YQFQQ568+WﬁD>T®O101] Tabl g 7 podition {j} of
FIGS. 4A- fQTapje 8, berow ge f2LES Steps tnat can be taken for

si xteen-bll inplenentati on of |nterDoIat|ng {f, n} , mhichlare the

posi tions} 2

Tabl e 8 p¢ yssi on
above deng bl e
sub- pi xel § k,"
"1t

which is ¢

val ues ref

However, ¢ g of
i ntermedi ¢ {since
pi xel | océ in

accordance with this dlsclosure however, the rounding in pixel Ioéation
PowiEE nepE Waciowt B@rn@r%%e@%}épgfthat can be taken for sixteen-bit implementation of

interpolating {f,i,k,n}, which are the positions that use to interpolate the intermediate value

1.
[00102] Table &
positions {f,i,k,n} of FIGS. 4A-4D
Operation Comment Min value | Max value Register
size
rl =y0 rl is yO (1-D half-pixel -2550 10710 15s
such as bl, hl, eel and hhl
before shifting down)
r2=jl r2 is j1 (2-D half-pixel j1 -9914 26232 16s
before shifting down)
2 =r2>>1 r2 is j1>>1 -4957 13116 15s
rl =rl+r2 rl is yO+(1>>1) -7507 23826 16s
rl =rl+32 rl is yO+(G1>>1)+32 -7491 23842 16s
rl =rl>>6 rl is (yO+(G1>>1)+32)>>6 | -235 745 I1s
rl = max(0,r1) clip r1 on the low side 0 745 10u
rl =min(255,r1) | clip rl on the high side 0 255 8u




the final value of quarter-pixels which rely on "j." [00104] FIG 5 is a
fl ow di agram consi stent with one or nore aspects of video encoding

consi st erwowned2s92is di scl osure. FIG 5 will be di scussedTiuseomonineso
perspective of video encoder 50 shown in FIG 2. In particular, notion
conpensation unit 35 generates prediction data (101), which includes

i nterpol ati ng based on a plurality of pre-defined interpolation filters.
Mot i on conpensation unit 35 then encoded*video data, e.g., a video bl ock,
based on the prediction data associated with each of the pre-defined

i nt erpol at | ilter 02)., For m. on ensa 3
| nvoke. aaalT ¢ oo et ks BleySiRT B Sts Tok R RGN dactichy Bro
pr e- def i nethtdrpdletinpodvatyi pli’ﬂs1f>ie|shb—lp8(eslbcﬁthﬁht“af he,dichf@renrt” Hesigdual” B ogks can

be conpared o gne another to, flqg t he best residual bloc IVbtloRlé
]%tls

conpensati dh uhi t M5 el 8¢ 5Ot NEthPyEtreq P% PHiefr-bik KioszE sClpRenthi W

level s of gafmpess a%rlmﬁ)ﬂeq)[@ltatlbﬂ RRGE thcthédiate b pBel %ﬁ&Qthﬂ%ﬂgﬁH@d fo$
illustrated as the "resid. block" output of adder 48, which e final

out put . Thpepéseanal qumq@mxebint@m@ﬂ@hor%prquramﬂdmﬁémnb‘y” iSraafwgtl@k msemhatt 38,
gquanti zed bt e g uni t
36."[ 00105 PSRRI AR Redncthn: RRBLS LIRS RF B G Wby RE e
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codi ng uni {he4hial MR dffuSiRYiRld RRicB YN ax«el ement identifies the particular
interpolation filter that was used. Entropy coding unit 46 encodes the
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filtering may be defined on a sanpl e-by-sanple basis, or nmay be defined on
a sub- Sarrp‘p]@ck based on the prediction data associated with each of the pre-defiried interpolation
filters (102). For example, motion compensation unit 35 may invoke adder 48 to gencrate
residual blocks associated with cach of the pre-defined interpolation filters so that the
different residual blocks can be compared to one another to find the best residual block.
Motion compensation unit 35 selects the video data that achieves the highest levels of
compression (103). In particular, the selected video data is illustrated as the “resid. block”
output of adder 48, which is the final output. This final output of adder 48 is transformed
by transform unit 38, quantized by quantization unit 40, and entropy coded by entropy
coding unit 46.
[00105] Motion compensation unit 35 also identifies the particular interpolation filter
that was associated with the selected residual video data that achieved the highest levels of
compression (104). Motion compensation unit 35 forwards an interpolation syntax element
to entropy coding unit 46. The interpolation syntax eclement identifies the particular
interpolation filter that was used. Entropy coding unit 46 encodes the syntax element (105)

to form part of the output bitstrecam. In this way, the interpolation filter used at encoder 50

(c.g., the filter coefficients used, or other filter designs or parameters) can be communicated



by sub-sanple basis. The term"video units" may refer to video franes,
vi deo bl ocks, video sanples, or video sub-sanples. In any case, video
encoder 580rmay/eode di fferent syntax el ements to i denCiyusdioviogrent
interpolation filters for different reference video units that are used to
generate the predictive data for different coded units of the video data.
Al ternatively, video encoder nay encode different syntax elenents to
identify different interpolation filterdSthat are used for different video
bl ocks of the reference video data. In any case, the interpolation filters
may be pre;:def.ined.usin teﬁﬁmvhg 0.sequences. In this.case
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FIG 6 will be discussed fromthe perspective of video encoder 50 shown in
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(10 encel SRS, RuUoims ShETERL, LRk, bAPTAY €5, kel RaLghon

bi t st r eam widyo kangplesder bbh sithengiaodedny esscduidbo vcdeéar Wahay amddé Hiffesynnt ax

el ement that identifies the interpolation filter, t was .used at the
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to inverse transform quanti zation unit 56 and inverse transformunit 58,
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t he pi xel domai n. Decoded videormay then be stored in reference frame store
62 for su b&@ﬁj@ﬁ@%@nifﬂteﬁrf@@i ba pregramaied ipfgynotion compensation unit 35.

[00107] FIG. 6 is a flow diagram consistent with one or more aspects of video
decoding consistent with this disclosure. FIG. 6 will be discussed from the perspective of
video encoder 50 shown in FIG. 2. In particular, video encoder 60 receives an encoded
video data (111), and receives a syntax clement that identifies an interpolation filter from a
plurality of interpolation filters (112). The encoded bitstream may include both the
encoded residual video data and the syntax element that identifies the interpolation filter
that was used at the encoder. Entropy decoding unit 52 may entropy decode the received
bitstream to parse out the transformed and quantized residual blocks, which are sent to
inverse transform quantization unit 56 and inverse transform unit 58, and to parse out the
interpolation syntax element and motion vectors, which are sent to motion compensation
unit 55.

[00108] Motion compensation unit 55 generates prediction data (113), which
includes interpolations based on the interpolation filter identified by the syntax clement.
Video decoder 60 decodes the video data based on the prediction data (114). In particular,
the prediction data generated by motion compensation unit 55 may be combined with

residual data via adder 64 to reconstruct the video data in the pixel domain. Decoded video



al so be output for presentation to the user, e.g., via a display or other
out put device. [00109] As with the encoding, interpolation filtering during
t he decodwogopriaeess may be defined on a frane-by-framePbagisggoonuozemy be
defined on a video bl ock-by-video bl ock basis, a sanpl e-by-sanple basis, or
a sub-sanpl e by sub-sanple basis. In particular, video decoder 60 may
decode different syntax elenents to identify different interpolation
filters for different reference video uPfts that are used to generate the
predictive data for different coded units of the video data, or
alternativel vi,deo decoder 60 ecode. di fferent syntax.elenments to
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may be pre i.ned using test video sequences, an ese interpolation
filters miﬂﬂﬁﬁﬁ’lprogr e ﬁ%ﬁteac‘?Pg‘Eg’dﬂte&? A<Hicran dyrng t%ﬂsggf@dma@m%%t ax
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mot i on conpensation unit 55. [00110] FIG 77illustrates an interpolation
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non-rounded versions of the half-pixel values (123). Mtion conpensation

uni ts 35 amdesblogkyofithy ecfappicagdeoedatarelitanytegss dsi injerrdatiopHilers mapbe arcy
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motion compensation unit 35 during the encoding process, or by motion compensation unit
55 during the decoding process. As shown in FIG. 7, motion compensation unit 35 or 55
generates half-pixel values based on integer pixel values (121). For example, these half-
pixel values may correspond to pixel values at locations “b” and “h” of FIGS. 4A-4D.
Motion compensation unit 35 or 55 rounds these half-pixel values to generate half-pixel
interpolated values (122), but also stores non-rounded versions of the half-pixel values
(123). Motion compensation units 35 and 55 may have storage clements to facilitate this
temporary storage of intermediate values corresponding to the non-rounded versions of the
half-pixel values. Motion compensation unit 35 or 55 can then generate quarter-pixel
values based on the non-rounded half-pixel values and integer pixel values (124). These
quarter-pixel values, for example, may correspond to locations “a,” “c,” “d,” and “1” shown
in FIGS. 4A-4D.
[00111] As explained above, half-pixel values at location “j” in FIGS. 4A-4D may
require some rounding of intermediate values since location “j” may require two levels of
half-pixel interpolations. FIG. 8 illustrates an interpolation technique that may be
performed by motion compensation unit 35 during the encoding process, or by motion

compensation unit 55 during the decoding process in order to gencrate all of the



require sonme roundi ng of internediate val ues since location "j" may require
two | evels of half-pixel interpolations. FIG 8 illustrates an

i nt er pol avopanoweedmi que that may be perfornmed by noti onPCosen®Aasizen uni t
35 during the encoding process, or by notion conpensation unit 55 during
the decoding process in order to generate all of theinterpolated values ("a
t hrough 0" shown in FIGS. 4A-4D) within a fixed-bit inplenmentation, such as
si xteen bits. [00112] Like the process éf FIG 7, the process of FIG 8
begins with notion conpensatlon unit 35 or 55 generating hal f - pi xel val ues

based on |n e l.ue 131 ond er

val ues at r&fmgg B»‘?'Sgnd'ilf'f’(u E 2)Fléﬁg" AP4 tldﬁgidﬂpensathéﬁ thit 35
or 55 thenum@ﬂﬁdﬁmkﬁgsﬁhhahkﬁﬁnKﬁd val ues to generate hal fpi xel
|nterpolated Iues 32 but al t ores non-rounde rsions of the
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gener at es é&nﬁéﬁgitfohotﬁﬂ 3&1%Irfsspgeh%}auﬁ§ma& il Gratuch hﬁséda&&'%t%érrﬁﬁ%@%ﬁieé‘g to
| ocation "j" in FIGS. 4D) based on the nonrounded | f-pi xel val ues.
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guarter-pixels r;%ylng on "j." Mdtion conpensation unit 35 or 55 can then
generate qUAtPedi3i xel values based on the non-rounded hal f - pi xel val ues,
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this way, all of the quarter-pixel values shown W th shading in Fl 4D
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specific deta| s on the operations t orne Y Thi's process.
[ 00114] Thpixtlecius (Gweshofalbd Gﬁresﬁoraimg 6] lnwyloap‘jﬂ V] RIGSnMuledj ff hecesswry, to
interpolation c e tech mnth or
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el imnate or nificantly reduce internedi ate roundi ng may be used
can en generate quarter-pixel values based on the non-rounded half-pixel values, the
additional half-pixel values and the integer pixel values (136). In this way, all of the
quarter-pixel values shown with shading in FIG. 4D (e.g., locations “a,” “c,” “d,” “e,” “f,”
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R m, and “0” can be generated. The tables and discussion above
provides more specific details on the operations that may be performed in this process.
[00114] The techniques of FIGS. 7 and 8 may apply to many different interpolation
contexts. In particular, these techniques may be used with or without the other techniques
described herein that use pre-defined interpolation filters. In other words, the techniques of
FIGS. 7 and 8 that climinate or significantly reduce intermediate rounding may be used
during interpolation according to one or more pre-defined interpolation filters, but could
also be used with interpolation that uses a fixed interpolation filter or possibly with
adaptive refinement interpolations techniques. Accordingly, the different techniques
described herein are not necessarily need to be performed together, but may have desirable
application in many different interpolation settings or situations.

[00115] The techniques of this disclosure may be embodied in a wide variety of

devices or apparatuses, including a wireless handset, and integrated circuit (IC) or a set of

ICs (i.e., a chip set). Any components, modules or units have been described provided to



during interpolation according to one or nore pre-defined interpol ation
filters, but could also be used with interpol ation that uses a fixed

i nt er pol avoano%izb2er or possibly with adaptive refi nenmeRCTiust@opaizat i ons
techni ques. Accordingly, the different techni ques described herein are not
necessarily need to be perfornmed together, but may have desirable
application in many different interpolation settings or situations. [00115]
The techni ques of this disclosure may bédenbodied in a wide variety of

devi ces or apparatuses, including a wireless handset, and integrated
circuit (1C¢) or.a set.of ICs (i.e., a chip set). Any conponent.s dul es or
i 15 have b EaTEiB, ppeti s e S ambiBeR Sty (AR rORAPARER N oMBEH Goee
not necesshardwyrcruaiislictee real i zation by different hardware units, etc.
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i npl enented together in an integrated |ogic device or separately as
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processors, such as one or nore . . . .
memory, magnetic or optical data storage media, and the like. The techniques additionally,
or alternatively, may be realized at least in part by a computer-readable communication
medium that carries or communicates code in the form of instructions or data structures and
that can be accessed, read, and/or executed by a computer.
[00117] The code may be executed by one or more processors, such as one or more
digital signal processors (DSPs), general purpose microprocessors, an application specific
integrated circuits (ASICs), ficld programmable logic arrays (FPGAs), or other equivalent

b

integrated or discrete logic circuitry. Accordingly, the term “processor,” as used herein
may refer to any of the foregoing structure or any other structure suitable for
implementation of the techniques described herein. In addition, in some aspects, the
functionality described herein may be provided within dedicated software modules or
hardware modules configured for encoding and decoding, or incorporated in a combined
video encoder-decoder (CODEC). Also, the techniques could be fully implemented in one
or more circuits or logic elements.

[00118] Various aspects of the disclosure have been described. These and other

aspects are within the scope of the following claims.



digital signal processors (DSPs), general purpose m croprocessors, an
application specific integrated circuits (ASICs), field programmable |ogic
arrays (RPGAas)y/126210t her equi val ent integrated or discreCe/usegoo4@be cuitry.
Accordingly, the term"processor,"” as used herein may refer to any of the
foregoi ng structure or any other structure suitable for inplenentation of
the techni ques described herein. In addition, in sone aspects, the
functionality described herein may be pPbvided within dedicated software
nodul es or hardware nodul es configured for encodi ng and decodi ng, or
incorporateiAhﬂgg conbi ned vi deo encoder-decoder (CODEC). Also, the

techni ques coul'd"be fully inplenmented in one or nore circuits or |logic

el enents. [00118] Various aspects of the disclosure have been descri bed.
These and other aspecis.are within the sco of the fol]lown

ol'aims CLAIAG: AT /Sll%‘ifﬁ%taf%gﬁpﬁP@B&V%ﬂdﬁﬁggﬁ? Riivap e pEdie ated for vi deo
codi ng, thgnmﬁﬁngg conprising: generating half-pixel values based on

i nteger pixel values; rounding the half-pixel values to generate half-pixe
i nt er pol at ed vagaesting hdf-pirgl Yaheeshasod-opiintegerpajeligduess non-r ounded ver si ons
of the half-pix - ; ti It [ .based on the
non-r ounded ver%%%%géggﬁ?ﬁgﬂﬁgggg%%§§$&%g?ﬁggp§%aﬂpﬁéh9%?g§§%%pier val ues.
2. The net hod oftochgiherhdlf-pixet tduesae npii-r@inded vadoeyr dtthaiglametihvatuchiant - pi xel
val ue based on a plurality of the non-rounded versions of t al f - pi xel
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hal f - pi xel yMadsugd amdntcb& frvhleedded versions of the hal f-pixel values. 3.
The nethod of claim 1, wherein every one of the values can be stored within
a sixteen-bit data structure, the nethod further conprising: generating

anot her habf'pifﬁ%n&ﬂb&gfQﬁﬁFPﬁﬂﬁmﬁuﬂ&Hkﬂ&ity of the non-rounded versions

generating another half-pixel value based on a plurality of the non-rounded versions
of the half-pixel values; and
generating additional quarter-pixel values based on the another half-pixel value and

the non-rounded versions of the half-pixel values.

3. The method of claim 1, wherein every one of the values can be stored within a
sixteen-bit data structure, the method further comprising:

generating another half-pixel value based on a plurality of the non-rounded versions
of the half-pixel values;

rounding the another half-pixel value so that the another half-pixel value can be
stored within the sixteen-bit data structure; and

generating additional quarter-pixel values based on the another half-pixel value and

the non-rounded versions of the half-pixel values.

4. The method of claim 1, further comprising:
encoding one or more video blocks based on the integer pixel values, the half-pixel

values and/or the quarter-pixel values.



of the hal f-pixel values; rounding the another half-pixel value so that the
anot her hal f-pi xel value can be stored within the sixteen-bit data

st ruct ur evoan@/geanrer at i ng addi ti onal quarter-pixel val uesThssed/oeet he

anot her hal f - pi xel value and the non-rounded versions of the half-pixel
values. 4. The nethod of claim11, further conprising: encoding one or nore
vi deo bl ocks based on the integer pixel values, the half-pixel val ues

and/ or the quarter-pixel values.5. The A®thod of claim1, further
conprising: decoding one or nore video bl ocks based on the integer pixel

val ues, thghgﬁl{ﬁ i?%%?éfH%%§L nd/ or the.%%arter-pixel val ues. 6. An

appar at us int'e P21 pre et iVE8PV' o data for video codi ng, wherein

t he appar at us i debdidgsnaommbicatidco Gigaenbakd on therihfegdripate] valaae tathal-pixel

hal f - pi xel val ues, based on integer pixel values; rounds the half-pixel

val ues to &@Wﬁﬁ@>Qrﬁﬁﬁpﬂ$ﬂﬂ%¥dﬁg¥%§polated val ues; stores the half-pixel
val ues as non-rounded versions of the half-pixel values; and generates
guarter-pi xel val ues based on the non-rounded versions of the half-pixel
val ues and6t he Aneppestupihriehteymilajesspredictivenadegplotrfat uideotodingivie®in thher ei n
the notion_c I (S n . her hal f-pi xel val ue based on a
plurality gﬁgﬁﬁgqﬁgﬁ&ggﬁﬁgg€‘§e$g§%ﬁé§§]??%% hal f - pi xel val ues; and
gener at es addi t gemoakesudpied viduosdassbdniaggbgsed valmed;he anot her hal f - pi xe
val ue and the non-roun versions of the | f-pi xel val ues. 8. The

appar at us of cl ghe s Vaé%rﬂyg%%at%haq?%ek}aﬁewéat@aw?% stored within
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generates another hal f-pixel value based on a plurality of the non-rounded

versions of thegmaraessusedr-pigil fielges based on the non-rounded versions of the half-pixel

values and the integer pixel values.

7. The apparatus of claim 6, wherein the motion compensation unit:

generates another half-pixel value based on a plurality of the non-rounded versions
of the half-pixel values; and

generates additional quarter-pixel values based on the another half-pixel value and

the non-rounded versions of the half-pixel values.

8. The apparatus of claim 6, wherein every one of the values can be stored within a
sixteen-bit data structure, wherein the motion compensation unit:

generates another half-pixel value based on a plurality of the non-rounded versions
of the half-pixel values;

rounds the another half-pixel value so that the another half-pixel value can be stored
within the sixteen-bit data structure; and

generates additional quarter-pixel values based on the another half-pixel value and

the non-rounded versions of the half-pixel values.

9. The apparatus of claim 6, wherein the apparatus comprises a video encoder that
includes the motion compensation unit, wherein the video encoder:
predictively encodes one or more video blocks based on the integer pixel values, the

half-pixel values and/or the quarter-pixel values.



rounds the anot her half-pixel value so that the another half-pixel value
can be stored within the sixteen-bit data structure; and generates

addi ti onawoqo@r2ea21 pi xel val ues based on the anot her halCTaiSz@d/v@bue and
t he non-rounded versions of the half-pixel values. 9. The apparatus of
claim6, wherein the apparatus conprises a video encoder that includes the
noti on conpensation unit, wherein the video encoder: predictively encodes
one or nore video bl ocks based on the ifteger pixel values, the half-pixel
val ues and/or the quarter-pixel values.10. The apparatus of claim 6,
wherein the apparatus conprises a video decoder that includes the notion
conpensation unit, wherein the video decoder: predictively decodes one or
nor e vi deol®l ocKise hpparcisof chalie 6] whegiarthgippetatusabmpssestaheddoalctodat #at val ues
and/ or the, quarter-pixel values. 11. The.agparat S gf claim6, wherein the
appar at us BSHEFY S8 &104AN LRGP AW MReiF the ideerykeodginar at us of claim 6,

wherein the appgedhiv!eQEBBiésSER od S EiaR] B68SHAbed ohthe MiGRAPULIRLtIEaRabl e
storage medi um conprising instructions that upon execution cause a device

t o i nt er pohalf-pixphadlics and/er the deategaixg! fawesvi deo codi ng, wherein the
instructions cause the device to: generate hal f-pixel values based on

i nteger pixel values; round the half-pixel values to generate half-pixel

i nt erpol at éd vallegpastso claie 6 ahdreipitikedppuatusesmpssasan-mtograde dirser. si ons  of
t he hal f-pixel values; and generate quarter-pixel values based on the
non-rounded versions of the half-pixel values and the integer pixel val ues.

14. The comput erhd fRdaRIsQf Slath 89@hFEE it Rhrafils@bMplisbs af HictdpeIce &GP i Si ng
i nstructions that upon executi on cause a device to: generate anot her

hal f - pi xel value based on a plurality of the non-rounded versions of the
ha'f'p'xe'1¥a'“g%meH@pﬁﬁpﬁﬁé&S%QQHkhhﬁﬂﬁ%qﬂﬁﬂ&ﬁﬁ&ﬁ@ﬁ&%khﬁ?&&@é«@&%ﬁp on
t he anot her hal f-pixel value an
cause a device to interpolate predictive video data for video coding, wherein the
instructions cause the device to:
generate half-pixel values based on integer pixel values;
round the half-pixel values to generate half-pixel interpolated values;
store the half-pixel values as non-rounded versions of the half-pixel values; and

generate quarter-pixel values based on the non-rounded versions of the half-pixel

values and the integer pixel values.

14. The computer-readable storage medium of claim 13, further comprising instructions
that upon execution cause a device to:

generate another half-pixel value based on a plurality of the non-rounded versions
of the half-pixel values; and

generate additional quarter-pixel values based on the another half-pixel value and

the non-rounded versions of the half-pixel values.

15.  The computer-readable storage medium of claim 13, wherein every one of the
values can be stored within a sixteen-bit data structure, the computer-readable medium
further comprising instructions that upon execution cause a device to:

generate another half-pixel value based on a plurality of the non-rounded versions

of the half-pixel values;



t he non-rounded versions of the half-pixel values. 15. The
conput er -readabl e storage nedium of claim 13, wherein every one of the

val ues cawobeosnened within a sixteen-bit data structur @CTiUse009/040260
conput er -r eadabl e medi um further conprising instructions that upon
execution cause a device to: generate another half-pixel value based on a
plurality of the non-rounded versions of the half-pixel values;round the
anot her hal f-pixel value so that the anéther half-pixel value can be stored
within the sixteen-bit data structure; and generate additi onal

quarter-pixel valu based .on. t.he anot her hal f - pi xel. val ue and th
ton r ounded ver SB e dRSER RS ARG ey R ahof Rl S BuiRn Y Sarsdo
st or age nedithimthé sitleai-bit Y&a sfrugtliddeandconpri sing i nstructi ons that upon

execution cause a device.to: encode one o re video bl ocks based on the
i nteger pixel vENGEE addfionglquartenpixsl V@%h@%ﬁgiﬂ@%@n@ﬁ@ ‘&Eél?lﬁ‘slr@ ﬁéi?
val ues. 17ﬂmTB§q&8%@&%&ﬁbﬁ@@ﬂﬁ@hﬁﬁ%ﬁ@!@ﬂ&mnﬁdiU”‘Of claim13, further
conprising instructions that upon execution cause a device to: decode one

or nore video blocks based on the integer pixel values, the half-pixel
val ues andfpor t rter-npixel | . i h I At er '
predicti veﬂél)'i deigl%3 at u%eg?reé\?fl@ggto\é%g?ﬁe;d} ur%ﬁgc@gglﬁéef& r?loe?nc)?i%lgl:lgqﬁ%g. m%%&gﬁéﬁfor
gener at i ngthhalfonpixxeaition ahusea dbasew: on i nt eger pi xel val ues; neans for

roundi ng the hal f-pi xel val ues, t enerat e hal f-pixel interpo ed val ues;
means for stori T§OTHHREMOrpVide? gvglf{]t@ée Q@ the pte H&éb@l&ss‘%sh?%we{ he

hal f - pi xel yMadsug8ior BRGQuaR@Ixdl Qhlugener ati ng quarter - pi xel val ues based on
t he non-rounded versions of the half-pixel values and the integer pixel

val ues. 19. The device of claim 18, further conprising:

17. The computer-readable storage medium of claim 13, further comprising instructions
that upon execution cause a device to:
decode one or more video blocks based on the integer pixel values, the half-pixel

values and/or the quarter-pixel values.

18. A device that interpolates predictive video data for video coding, the device
comprising:

means for generating half-pixel values based on integer pixel values;

means for rounding the half-pixel values to generate half-pixel interpolated values;

means for storing the half-pixel values as non-rounded versions of the half-pixel
values; and

means for generating quarter-pixel values based on the non-rounded versions of the

half-pixel values and the integer pixel values.

19.  The device of claim 18, further comprising:

means for generating another half-pixel value based on a plurality of the non-
rounded versions of the half-pixel values; and

means for generating additional quarter-pixel values based on the another half-pixel

value and the non-rounded versions of the half-pixel values.



means for generating another half-pixel value based on a plurality of the
nonr ounded versions of the half-pixel values; and neans for generating
addi ti onawoqo@r2ea21 pi xel val ues based on the anot her halCTaiSz@d/v@bue and
t he non-rounded versions of the half-pixel values.20. The device of claim
18, wherein every one of the values can be stored within a sixteen-bit data
structure, the device further conprising: neans for generating another
hal f - pi xel val ue based on a plurality of3the nonrounded versions of the
hal f - pi xel val ues; neans for rounding the another half-pixel value so that
t he anothe&ohaJ%ﬁg'x§l ¥aﬁﬁgl aqlgqnstoreg mh%hia th%n%ixg§ n-iggadata
structure; “and neafg‘Fgrcgene d?fh% a4y P1'oRa e&ug?%%r-ﬁffe Val'lés based
on the anotikeen-bialdhtapird@lreyiht devientlirthbriecorpiisingunded ver si ons of the
hal f - pi xel values. 21. The .device of clajm 18, furthe onpri si ng: neans
for encoding on®°H MHpFacR iy BisEREPHES W WS@CE%H%H@I@%@ Oétﬁiévn-val ues,
the hal f - piotglcdahdies AR IR0 5iR& varas:t er - pi xel val ues. 22. The device of
claim 18, further conprising: neans for decodi ng one or nore video bl ocks
based on the i nnegerfopioneding e waetheralf-adlivalpe xe thay ke geetherfalfarixql yalue
quar ter - pi xgl, Al UPSinAdhe ASYEh MRlcGacqdes video data, the device
conprising’ a video encoder including a notion conmpensation unit that
gener at es hal f - pcamlfovaheegndakiibnahquantepiet] pluce based bon @, anothignhigf-pirel
hal f - pi xel values to ener%Le hal f - pi xel . i.nt er pol at ed val ues, stores the
hal f - pi xel YA/4§ e, ROREREHGS VeSS TP Tse! VEIES-hal - pi xel val ues, and
generates quarter-pixel values based on the non-rounded versions of the
hal f pi xel val ues and the integer i xel values; and a wireless transmtter
that transalts Fhredayicged clatm 48 dHebdeampyisingie noti on conpensation unit to
anot her devi ce. mgéhs.fa-lhe%cgcﬁ}fé 6% &fm&rle@id&) %ﬁické"ga%gc?blpthteI?l?tege?\f)b&?vﬁﬁ)égpfh'eSes a
Wi rel ess comuni cati on

half-pixel values and/or the quarter-pixel values.

22. The device of claim 18, further comprising:
means for decoding one or more video blocks based on the integer pixel values, the

half-pixel values and/or the quarter-pixel values.

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

a video encoder including a motion compensation unit that generates half-pixel
values based on integer pixel values, rounds the half-pixel values to generate half-pixel
interpolated values, stores the half-pixel values as non-rounded versions of the half-pixel
values, and generates quarter-pixel values based on the non-rounded versions of the half-
pixel values and the integer pixel values; and

a wireless transmitter that transmits the video data encoded by the motion

compensation unit to another device.

24.  The device of claim 23, wherein the device comprises a wireless communication

handset.



handset . 25. A device that decodes video data, the device conprising: a

wi rel ess receiver that receives the video data; and a vi deo decoder

i ncl udi ngwve 20eti2é21conpensati on unit that decodes the vipdewsdewasozémer ei n
in decoding the video data, the notion conpensation unit: generates
hal f - pi xel val ues based on integer pixel values; rounds the half-pixel

val ues to generate hal f-pixel interpol ated values; stores the half-pixel
val ues as non-rounded versions of the hétf-pixel values; and generates
guarter-pixel values based on the non-rounded versions of the half-pixel

VoL ves mcai e ATkggel RSl SR AT R o M2 YT
a wireless receiver that receives the video data; and
a video decoder including a motion compensation unit that decodes the video data,
wherein in decoding the video data, the motion compensation unit:
generates half-pixel values based on integer pixel values;
rounds the half-pixel values to generate half-pixel interpolated values;
stores the half-pixel values as non-rounded versions of the half-pixel values; and

generates quarter-pixel values based on the non-rounded versions of the half-pixel

values and the integer pixel values.

26.  The device of claim 25, wherein the device comprises a wireless communication

handset.



