WD 2006/ 012384 PCT/ US2005/ 025813 1 METHOD AND APPARATUS FOR ENCCODER

ASSI STED- FRAME RATE UP CONVERSI ON ( EA- FRUC) FOR VI DEO COVWPRESSI ON C ai m of
Priority under 35 U S.C. 5119 [0001] The present Application for Patent
clainms priority to Provisional Application No.60/589,901 entitled "Encoder
Assi st ed FvanreosRa2384 Up Conversion” filed July 20, 200&crarsdodssisgned to t he
assi gnee hereof and hereby expresslylincorporated by reference herein.
BACKGROUND Field [0002] The enbodi nents described herein relates generally
to digital video conpression and, nore particularly, to a nethod and

appar at us f onyEREEILAND R PPARRCFITY ROR IRCODER GSRYSTEDIRAMAE RRYE)UPOr vi deo
conpression. Background &2%003 Vi deo fornnts,@au(sgortl ng_various frame
r

rates exist today. THINVE H§A-FBHGRFORVED AMEYRESHON st preval ent,

listed in order by their supported franmes per second (fps): 24 (film

native), 25 GiEAldrrrRfininel k). khier | aced video), and 60 (H gh Definition
(HD) e.g. 720p). oug ese jrame rates are suitable for nost
appl i cati ond00Glh r eacAhe peesenbwPBheraaR S R aicabrlsime @ripBly tABmvigondhandset vi deo

conmuni cations, f t d | ow as 15,

10, 7.5, or 3f ps.Ap%{?aﬁ%géfos' ?%@éﬁﬁg\?vﬁﬂ}eggfggg%%g‘gvﬂ?%@f%%qﬁé@%es with | ower
conput ati onal caphvtrsiohefiletl Gulgi26 2 0iyt, mdrmesigricd émthetabeiemree hededf ang heiclgo
quality suffers from"jerki nesa‘l' gi e., ,having a slide show effect), rather
than being srmoteﬁP]iBFFlm"i’fBﬁr.ate by gelerehée heelhes dr opped often do not
correctly track the amount of notion in the video. For exanple, fewer
frames should be dropped during "high notion" video content portions such
as those occurring in sporting evBMMEKGROUNDnore franmes maybe dropped
during "low notion" video content segnents such as those occurring in talk
shows. Vi deoFiggrrpressi on needs to be content dependent, and it woul d be

desirable t able to analyze and incorporate notion and texture
characteri stiP@®]i n t hdhs eqghedizents dedsrberteraain sdatesagenerglly ipligiad videleo

compression effi %ior?l%rce\ésior\l/\é%d? 1011%% ga}t%c?ﬁﬁlﬁyf)%y rgéﬁg ag‘(doa%ggr%f’ﬁs for Encoder

Assisted-Frame Rate Up Conversion (EA-FRUC) for video compression.

Backeround
[0003] Video formats supporting various frame rates exist today. The following

formats are currently the most prevalent, listed in order by their supported
frames per second (fps): 24 (film native), 25 (PAL), 30 (typically intetlaced
video), and 60 (High Definition (HD) e.g. 720p). Although these frame rates are
suitable for most applications, to reach the low bandwidth required for mobile
handset video communications, frame rates are sometimes dropped to rates as
low as 15, 10, 7.5, or 3fps. Although these low rates allow low end devices with
lower computational capabilities to display some video, the resulting video
quality suffers from "jerkiness" (i.e., having a slide show effect), rather than
being smooth in motion. Also, the frames dropped often do not correctly track
the amount of motion in the video. For example, fewer frames should be
dropped during “high motion” video content portions such as those occurring in
sporting events, while more frames may be dropped during “low-motion” video
content segments such as those occurring in talk shows. Video compression
needs to be content dependent, and it would be desirable to be able to analyze
and incorporate motion and texture characteristics in the sequence to be coded so

as to improve video compression efficiency.



2 [0004] Franme Rate Up Conversion (FRUC) is a process of using video
interpol ation ‘at the video decoder to increase the franme rate of the
reconstructed video. In FRUC, interpolated frames are created using
received frames as references. Currently, systens inplenenting FRUC frane

i nt er pol atworts/td3tide approaches based on notion conp®eFTAWSHIFBBY pol ati on
and the processing of transmtted notion vectors. FRUC is also used in
converting between various video formats. For exanple, in Tel eci ne and

I nverse Tel ggpgag appl iFeahd RS Up WhivEbioh SFRUTH 1sr§Fptr@ceyg@ta@1n@p@ebr ansf er
technique that rectifies the respective col or rame rate differences

bet ween fil m and ivtetpeltionaighe Bise decodirde increpse the frame §7t8 aEbA HoLtUEBAvVer t ed
to NTSC interl ac i - ; RUC appr oach
uses wei ght ed-adsg%e:évg&?r% i%(?)lr{l?c %@nsa gsg‘%gi n %Q%%ﬁgﬁcgn%% S, to reduce
t he bl ock artifactfronesss €diroytly, bestehed iinplamaiies FROT inotd intereddtionatdhole and

bl ock based processing. Thig approach is hased on an interpolation by the
wei ght ed sum of r?BPIEOF‘%TeéE?ﬁ? B %%@%@Fgﬁfwwpgﬁprgﬁﬁg?ﬁages. The
bl ock artifacts qRnkhRiedhREkn ROUALAFRES (#4160 Med  ERRERE bbtvect H@ioRE OPOsed

met hod by applying a technique simlar to overlapped block notion
conpensat i on ( OBMBJeo foypests. fos gkanple.tin Teleeine andoinvierpe ‘hejeding anpyjcatiens. pr ocessi ng
of overl apped ar Iy et IS e - ne he type
of bl ock notion ﬁ?c%%gﬁlﬁg%aﬂgggﬁe\% 031.“ % petrslzeﬁrtéélegé}?eéeg%gq] scmcl;rndi cate
t hat the proposedizapparalificracdes bsteser fitpr mdeddebeprobicssivanitido @4 gni ficantly

reduced bl ock artjifacts. [0006] Ye ot her FRUC .app ch uses vector
reliability anal yfﬁqn%es‘fsﬁcoin@)j‘t%%“e&?é Toﬁgﬁ% ID(E%{E&%VIB% {2§37 egpecqhd)- mot i on

vectors thatiopiss | NaCGIAIPEUCHBRAM ol dcfehRMabiR B ARAHR LombBhskibl

appr oach, estimtion I1s u construct notion vectors that are
conpar ed to transnietpobdtiomiWiAdMCl)clotreduse the bhsk attfadecaused nethe Adiompsies desi r ed

approach for fra interpretatio l.n, convent i.onal, . up-convetrsion al gorithns
ol hg ot on est |t cHimutb b pieet e PR BRT pris B BERRE PR g Puno

adj acent decoded iﬁﬁemioh@{b@migtu@d sulnD6f imitiple Motivd kemenshiBaintabpdiktiad | ow a
frame to be interpol ated. wever, these al 8orithm3 attenpt to, inprove

utilization of tr raagedn Lisdblenki artifictior Hisitockdgardprichreplie Tt of
cal cul ation r equ'tﬁ@?ﬁoﬁnﬁé’edttﬂk&oﬁg}y{a?gl@% 'ttgﬁgﬁad Q8 sARGE ﬁ)tdx%ﬂa@eﬂtbﬁogﬂga“ son, 1n

up- conversion al go nms usin tion vectors, uality of
t he motion compensation (OBMC). Specifically, to reduce blurring during the

processing of overlapped areas, the method uses motion analysis to determine
the type of block motion and applies OBMC adaptively. Experimental results
indicate that the proposed approach achieves improved results, with significantly
reduced block artifacts.

[0006] Yet another FRUC approach uses vector reliability analysis to reduce
artifacts caused by the use of any motion vectors that are inaccurately
transmitted from the encoder. In this approach, motion estimation is used to
construct motion vectors that are compared to transmitted motion vectors so as
to determine the most desired approach for frame interpretation. In conventional
up-conversion algorithms using motion estimation, the estimation process is
performed nsing two adjacent decoded frames to construct the motion vectors
that will allow a frame to be interpolated. However, these algorithms attempt to
improve utilization of transmission bandwidth without regard for the amount of
calculation required for the motion estimation operation. In comparison, in up-
conversion algorithms using transmitted motion vectors, the quality of the
interpolated frames depends largely on the motion vectors that are derived by the

encoder. Using a combination of the two approaches, the transmitted motion



i nterpol ated franes depends largely on the notion vectors that are derived
by the encoder. Using a conbination of the two approaches, the transmtted
noti on WO 2006/ 012384 PCT/ U82005/ 025813 3 vectors are first analyzed to
deci de whether they are usable for constructing interpolation frames. The
met hod us&e tog6/0i2B4er pol ati on is then adaptively sel eE€BHSIPTISERr ee

met hods: | ocal notion-conpensated intderpol ation, global notion-conpensated
i nterpol ation and franme-repeated interpolation. [0007] Although FRUC

techni ques are geRreba dry fitsiRlBFedicatbcids whostr thiy SCasSlN®r tamratitgs in the
vi deo decoder, thus the video encoder is tgplcall not involved in this
T

operation. Howevépierroktian Sapss. oBlsrmeteedsed ti@?li’aagﬁ%@dh?nad%@ie& ed FRUC
(EA-FRUC), the encies rGaNeLREB0Godad m;;ﬁ@zﬂ%ﬂuﬁe%ﬂsasu fierGREIGA BoydiNf Or AL O
rel ated to notion vectors or references franmes (e.g., residual data), may
be el im nat ed whith&imtdonipenadatedvintagpolatien elelcfonbes-repeatedintmpidiosl y r egener at e
maj or portio f fra Wt the. elimnated vector or resjdual data. For
exanple, a b[i%@?ﬁecti ogﬁﬁwﬁg ﬁgﬁ{:itvm@é‘(ﬁe et lwlfﬁﬁﬂteﬂﬁgp?ﬁen i ntroduced
as an i nprovemefrodeSsifr fihaiths GOk Rilleh Bed¥BEHAS tHervidddl shicdRf RAghicdlR@otise of
an error criterion is proposed to_enable t he application of true notion
vectors in noti davdedpetisapraatione dogtey Feindg@pprgacimeterigil &2 srape¥rneasure i s
based on the su %J(F i ]ﬁr[]g it kR ' rtLOR. measure
is known to be :QﬁgétF (?lpgl en %‘%'R{ﬂ{jgx@u |§§deg§@%%er%%et%{r}@8ﬁés§%§£ E’L!r}rga%
particul arly wheriafohheticanelatd to obtiomtdcturs tratvesned fmndsi{age sesidualalat@quence
needs to be quantified..,. .Add't'l. naltﬁ)ﬁg the, v ri&tion in thresholds are
classified using IP?&WIW@E Bt still glapingdhg slepgilgryo APARUAOYSTEEHIEIs shoul d
be variabl e as tnhg,i6l R38bds o Han@OWitBER theRiRf LRGN Mios BPfeSiha1daRe Tdent . [ 0008]
The field-of-study of EA-FRUC is a growing field. Wth an increased

interest in this @eaaleot bidirauionelanpliciys visiso coding mictafl Arg eep srtrodueedss t - r at e
applications like r ] id P e : ) Fally in
scenari os where t Z&Eg"n elrglgtltéha &égﬁogfn\ﬁj&g%ﬁ)r%gg; %?\Aﬁllln%%eﬁ%g&c@eplggﬁgg{of
supporting hi gh eoepliexbl i paapkédiatehabsthe aplicklien sfneingionivectarsimndhel d
with power and conplexity constraints. EA-FRUC also finds, application in

uC
open systens, M@?@%Wﬁ?@%&re %WF&?%-@%W%@&W_&W brbasg s & video
codi ng technol ogym GF8sditte Ol rRPGReSKITE Mnt NGB riRMARLAEE A hodagedl Ng

t echni ques can

insufficient in providing a true distortion measure, particularly where the amount
of motion bstween two frames in a sequence needs to be quantified.
Additionally, the variation in thresholds are classified using fixed thresholds
when, optimally, these threshdlds should be variable as the classifications are
preferably content dependent.

f0008] The field-of-study of EA-FRUC is a growing field. With an increased
interest in this area of video compression - particularly for low bit-rate
applications like streaming video and video telephony, and especially in
scenarios where the sender is at a network node, which is capable of supporting
high complexity applications, and the receiver is a handheld with power and
complexity consiraints, EA-FRUC also finds application in open systems,
where the decoder conforms to any standard or popular video coding
technology, and in closed systems, where proprietary decoding techniques can
be adopted.

[0009] What 1s desirable is an approach that provides high quality interpolated
frames at the decoder while decreasing the amount of bandwidth needed to

transmit the information needed to perform the interpolation and also decreasing



be adopted. [0009] What is desirable is an approach that provides high
quality interpolated franes at the decoder whil e decreasing the anmount of
bandw dt h needed to transmt the informati on needed to performthe

i nterpol ation and al so decreasi ng WD 2006/ 012384 PCT/ US2005/ 025813 4 the
vol une of wabk@elesson needed to create these frames soP&I/USHORAKEIN t wel |
suited to nultinedia nobile devices that depend on | ow power processing.

[ 0010] Accordingly, there is a need to overcone the issues noted above.
Summary [0011] Theveinedi sBallfiolmedicd es cradte EREOBANeADTk 3¢ Rakdit aee Rate Up
Conversion (EA-FRUC) systemthat utilizes video_ coding and pre-processing
operations at theufpdognarmsdiemabye dxptesithat depsndpalovPRKIIEPSEMEhat Wi | |
occur in the dec ' : Is ' el and
reconstructed vi egﬁq%gfg%gg&f§§f§?P%%ﬁg%e eﬁ%oalﬁgﬁfskéﬁgagﬁggess i nvol ves
determ ni ng whether to encode a franme in a sequence of franmes of a video
content by determning a spatial actjvity in a frame of the sequence of
frames; determining a tenmporal activi WmF%rYthe frame; determning a
redundancy in at |east one of the determ ned spatial activity, the

determ ned tenporal activity and the determ ned spatio-tegforal activity;
and, encodi ni§%tile frandeiembphiacabneidesen Epentigndsndsd FramsdiaRin

predeterm ned thr C el : i nvol ves
determ ni ng mhetﬁ%?ggggmé%gb e gjggﬁﬂgﬁggﬁggor %%?@ 1g§%£§m§%&%§s uence of
frames of a vi dempeniivandt thyvidetedresder o sxplesitht FRUCGeddensitgythainwillrecwet  of
frames of the sequence of frames; . determning t oral activity in the set
of frames; deter ?FPE@?%C%‘IEF E‘H‘B’fﬁg‘%{‘ﬂwpﬁoﬁe CORPTESS e%%‘ﬁ@‘cgﬁn‘?%%s@?éfe i ned
spatial activity,yithepdgtyer m ned tenporal activity and the determ ned

spati o-tenporal activity; and, encoding one or nore of the set of frames if
t he det er m nB814edunddneheenbedinthiha peoee invelvep delganiamgivvhether torineadsol ds.

[ 0014] In anot her i ter i vj ng.:iynstructi ons
stored thereon foﬁﬁggggV%gagﬁ%%ﬁgﬁgg#(?3Vggggﬁgéﬁggﬁg#ﬁ%%ﬁﬁ%%Q%%%struction
of a video sequendeity inc fechdof the sgqeien ofirmhed detamsning adérssdraigetivityihe nmet hod

the frame; determining a redundancy in at least one of the determined spatial
activity, the determined temporal activity and the determined spatio-temporal
activity; and, encoding the frame if the determined redundancy is below a
predetermined threshold.

[0013] In another embodiment, the process involves determining whether to
encode a set of one or more frames in a sequence of frames of a video content by
determining spatial activity in the set of frames of the sequence of frames;
determining temporal activity in the set of frames; determining a redundancy in
at least one of the determined spatial activity, the determined temporal activity
and the determined spatio-temporal activity; and, encoding one or miore of the
set of frames if the determined redundancies is within a set of predetermined
thresholds.

[0014] In another embodiment, a computer readable medium having instructions
stored thereon for causing a computer to execute a method for construction of a
video sequence including a sequence of frames is disclosed. The method
comiprises determining a spatial activity in a frame of the sequence of frames;
determining a temporal activity in the frame; determining a redundancy in at
least one of the determined spatial activity and the determined temporal activity;
and, encoding the frame if the determined redundancy is below a predetermined
threshold.



conprises determning a spatial activity in a franme of the sequence of
frames; determning a tenporal activity in the franme; determning a
redundancy in at |east one of the determ ned spatial activity and the
determ ned tenporal activity; and, encoding the frame if the determ ned
redundancywd soobeinse a predetermined threshold. WO 2008COAB3HA/025813

PCT/ US2005/ 025813 5 [0015] In yet anbther enbodi nent, an apparatus for
construction of a video sequence including a sequence of frames is

di scl osed. pf”@@lﬁppaf ati Sefl MEIhe@SHodiBEM Snf@hardil erFbivtfgtich satidal activity
in a frame of the sequence of franmes; neans for determning a terrporal
activity in the fﬁf’&‘l*?éwe w&hﬁ@gfa@ﬁq@eﬁwfrﬁam%s disclossery hbrpyraius igludegast one
of the determ ne e Fo tivity;
and, neans for egné E‘g%teﬁ%%ﬁél ?ﬂqﬁﬁ%eﬂt;grm ne %se%undgﬁ%m?% bel ow a
pr edet er ni ned thrreglmetfcd defe@OibBiz aluamsbnal dctiyiy indho frime; wedns dirmgteryinatg 4 east

one processor confi ed to od f const n of .a video
sequence i ncl udi rirﬁd %’d&ﬁ%lgasng?e ‘fr’ftg%eze%negls%t agg‘gdﬂt}fﬂéﬂﬁé{ BRI udes
determ ning a spakingbrapsdiviti;tand i Meads fdrleAdBlirfthé HEms eHeAt@nBfhed r ames;
determ ning a tenporal activi ty in the frame; determning a redundancy in

at | east one of ti§éundererippbelew as’t)é%ﬁefeémmﬁ@f}lﬁaﬁhﬁkﬂ and the deternined tenporal

activity; an ncodl f S below a
pr edet er m ne@ t hreshol salﬁlg%)tf%?ﬂ%%ﬁﬁb(ﬁ{}gﬁng?% %ﬁép e ﬁféesg angﬁglgéa{nt ages wll
becone appar ent t1mpﬂémm&a nekioll fedtohstructien @ﬁetwﬂerocnmqmdmee froludogi asgqubatai | ed
description. e hat t he tail.ed description
and specific exa 1%@91 \‘rﬁ#fciosieidﬁ&%?l? Ef? %%%&aﬁélrﬂcb ga’f”é‘ gi ven by
way of illustratigimasdhd@lguédcdiol Shhen deteﬁﬁ&hn%h&ﬂﬂﬁﬁl RpdtyBdhd 84,1 ons
within the follow ng description may be nade Wit hout departing fromthe

spirit thereof, affiFrmhEngleEdrpdsneom a letiloge pEthe dpigenisedbautitiaciiviet arde al |
such modificatio nvention
‘may be nore readint?l dg@d& cﬁ@ ﬁ&%ﬁc 19?%%[1 &E@%@%%@%&%ﬁ%@ﬁgﬁdr awi ngs in
whi ch: [0019] FI G‘.edﬁndlaﬁc}asbél@WlﬁIﬂd:cEgﬂhamed)fhréﬁhdiddeo codi ng system

i | enenti ng_an_. encoder isted fra rate u nver sion (EA-FRUC) system
igpaccordang@mﬂ Other o%_?ects eatures and ad Vantagespm(fl ecome apparent to those ) sy

skilled in the art from the following detailed description. It is to be understood,

however, that the detailed description and specific examples, while indicating
excmplary embodiments, are given by way of illustration and not limitation.
Many changes and modifications within the following description may be made
without departing from the spirit thereof, and the description should be

understood to include all such modifications.
Brief Description of the Drawings

10018] The invention may be more readily understood by referring to the
accompanying drawings in which:

[0019] FIG. 1 is a block diagram of a video coding system implementing an
encoder assisted frame rate up conversion (EA-FRUC) system in accordance
with one embodiment;

[0020] FIG. 2 is a flow diagram illustrating the operation of the EA-FRUC
system of FIG. 1;

[0021] FIG. 3 is a diagram illustrating a one-pass encoding in accordance with |
one embodiment of the EA-FRUC system of FIG. 1;



wi th one enbodiment; [0020] FIG 2 is a flow diagramillustrating the
operation of the EA-FRUC systemof FIG 1; [0021] FIG 3 is a diagram
illustrating a one-pass encoding in accordance with one enbodi ment of the
EA- FRUC system of FIG 1; WD 2006/ 012384 PCT/ US2005/025813 6 [0022] FIG 4
is a di agrveoreiokioressa ating a two-pass encodi ng i n accor #&RAE2MFPH8Lone

enbodi nent of the EA-FRUC systemof FIG 1; and, [0023] FIG 5 is a block
diagramillustrating an application of EA-FRUC system 100 to a wireless
system [002@had3i ke nusver alis, digdanh il trhidea Wﬁa%s éﬂ@b@mgmowcofd@@cesemer al
views of the draw ngs. Detail ed Descripti onﬁgFOZS Frame rate up conversion

(FRUC) is a technﬁ’ftﬁ?@hoéﬁnfinh@ﬂt@@gﬁiﬂ{@(ﬁéﬁ% 1G-di @dat the decoder in | ow

bit rate Vld |F ansmgs : ofng

However , E)%%% ci patlfﬁg} ?%ea need(ﬁQ%Iflﬁl‘tllh&SHJ&[i{tgéﬁl lé%;ﬁt%ﬁ%jg t g@ecoder, a
vi deo encoder canlOﬁatbewmﬁcekbysgpant deci si ons on V\:hl ch frame or frames in a
vi deo sequen e can be 0 ransmtted to the de der) to
offer an inc &nge in tﬁ% 8 #Fef%ﬁﬁﬁlﬁggé&ﬁ“ﬁ?lgq”;ﬁ]@ severdl i, ﬁgl?ow ng
conpressi on effica@Rfps. | N one enbodi ment of the encoder assisted-FRUC (EA-
FRUC) system as described herein, the encoder has access to the source
frames as well as prior know edge of the FRUC al gorithmused on the

decoder, and, using the interpol ResiledDoyeripitior at ed therewith, transnits
additional information to assist the decoder in perform ng FRUC and i nprove

t he deci sion de dugli i w edge
that FRUC wi 1206 per i aRazh® be R LA BRI (S BN M B oBlng dEERET

vi deo codi ng and 1am£ﬂmrdm6ﬁ&smﬂgwdmematwdm&aammﬁdim \/Tyzjmlle,rthmdm to inprove
conpr essi on eff| ency (ther [ Oovi n utl | i zat si on
bandwi dth) and r&8AgPP F%EI%S% M&P‘P% neﬁeé}eﬁl‘sc% ﬁﬁrjﬁﬁﬁ‘%ﬂ on from
the encoder that ﬂi‘%ﬁe d&%de?umhé‘&@ﬁbdé%aﬂ ﬁ@lke%%ll Eﬂie@ﬁidn@ﬁn QAL ke or
transmtted by the encoder is provided ecoder to be used in regular

or encoder assi sté@tnﬁ?w@wqeg@%l]emwanhedmm@lﬁl renet tranpwitied tothadedoder) pr ovi ded

by the encoder | ntco olfﬁia? an increase in the overall compressed bit rate -- thus improving

compression efficiency. In one embodiment of the encoder assisted-FRUC (EA-
FRUC) system, as described herein, the encoder has access to the source frames
as well as prior knowledge of the FRUC algorithm used on the decoder, and,
using the interpolated frame generated therewith, fransmits additional
information to assist fhe decoder in performing FRUC and improve the decisions
made during interpolation. Taking advantage of the knowledge that FRUC will
be performed in the decoder, the EA-FRUC system utilizes video coding and
pre-processing operations at the video encoder to improve compression
efficiency (thersby improving utilization of transmission bandwidth) and
reconstructed video quality. Specifically, information from the encoder that may
be supplement or replace information normally transmitted by the encoder is
provided to the decoder to be used in regular or encoder assisted FRUC,

[0026] In one embodiment, the information. provided by the encoder includes
such parameters as spatial (e.g., refinements, mode decisions, neighborhood
characteristics) and temporal (e.g., motion vector(s) decisions) characteristics of
the image to be interpolated at the decoder, as well as differential information
with respect to normal predicted (B or P} frame coding and the interpolated
frame generated by the FRUC process. The frames interpolated by the FRUC

process will be referred to herein as "F-frames."



such paranmeters as spatial (e.g., refinenents, node decisions, neighborhood
characteristics) and tenporal (e.g., notion vector(s) decisions)
characteristics of the inage to be interpolated at the decoder, as well as
differential information wth respect to nornmal predicted (B or P) frame
codi ng andvobesiomer pol ated franme generated by the FRBCTRISYWE8ES13The franes
interpolated by the FRUC process wilT be referred to herein as "F-franes."
WO 2006/ 012384 PCT/ US2005/ 025813 7 Encoder - Assi sted FRUC Overvi ew [ 0027]

FIG 1 ill uskhaliesadisddeucoeadewg/ decodi ng (' bodi ng") system 100
configured in accordance W th one enbodi ment. The cpoding,system 100

i ncludes a vi%§es encod@%- 1@1&;13?&5“ %@?gg‘?y&?@g{n&( WH%O) %’?f?’é‘ @é as to
optimze that dai@fbledid ARSMaERVAh ARANMEERALNITHYCORE sQie@HE® decoders.
Specifically, in one enbodinent the video encoder 104 enploys a video
encodi ng al gori t hirlutdes aevideckaceded 1ebirpmacessen digipliridenpiates apiteeRfimige t o
reduce the bandw gt required to transn i 154. The
conpression effi c&%ﬂ%agla ﬁgﬁ.&r{s e e%ﬁgcﬁglggé’&%%ﬁ{ Iglg’% %ggqe%%r%\%}(glggﬁﬁf ough
various nethods, @ngeembodifieaithe sideherRuddt 104 amplvys b eilled ervvdingalg@riftegduct i on
(i.e., reduction of the nunmber of franmes that has to, be tranc?mtﬁ?;ed). FRUC
mechani sms ar e th‘@r?né?fjﬁlaég'éﬁfnPWSS B@é%ﬂé?mi%ﬂd?%lqzﬁ%@é}%%m?ﬁé? V.Y”éit rate of
the decoded vi deoy ﬁi&e%%'n%ﬂéi‘nitﬂ{@'%@éﬁ1027Btde96ﬂe5‘?§'¢9'ﬂé)&m @i%hfeﬂﬁ?énh%’ ,
decoder 154 creates Iinterpolated franes using reference franmes I1n the
encoded vi deo st refdhe sider eseilard@4 Camba ippoodd throgeh vatisus methodse pnaddscr i bed
herein, the video encoder 4 is." re" of the abilit f t vi.deo
decoder 154 to peW&Sﬁ?ﬁ @%@HW%@%@%&% ecﬁﬂ?ﬁ?% lieoﬁe(ﬁlﬁgo%&tgﬁ%m%b?hi s
potential to redug®frdnhs thi Hen bafdndnitedi FRULS mbdhan®ss bfcaRadniglegd inal ysi s
of F frames [0028] In one enbodi nent, the encoder 104 of the coding system

100 includes a cowpdstl St faissieniedhe frgne wiuites degededyridrorstesm aed B Wpat i al
and tenpor al Conﬁbﬁ&i Fe)idi%ﬂ.hﬁ)ee(:if?call)g dE6RGE: 19408 Rfink ‘Slaic’ﬁd:lﬁ% %lg}ié! nce; and

(ii) between the ranes 1nt Vi sequence. e encode s the
result of this opefaticedrantesindbt exavileteviddol sireavhias hectivedrfrsmiencaies Effuedce of
frames, al so kno S Q.0 of .Pictures )., Can b r ed, .and, (ii)
how nany consecut eli‘cfeé?@§gép:‘gﬁm’ngV#865@32r£z%ewqr%§f£%%@ﬁypg%s. Each

GOP is, by definiigNdec6@HN8s @fperform FRUC during encoding operation and exploits this

potential to reduce the number and the size of frames transmitted.

Analysis of F frames

[0028] In one embodiment, the encoder 104 of the coding system 100 includes a
content classification module 106 to determine the spatial and temporal
complexity both: (i) in each frame of the video sequence; and (ii) between the
frames in the video sequence. The encoder 104 uses the result of this operation
to determine: (i) which frames in a sequence of frames, also known as a Group
of Pictures (GOP), can be dropped; and, (ii) how many consecutive frames can
be dropped between two coded frames. Each GOP is, by definition, composed
of an arrangement of one I picture (frame), P picture (frame), and one or more B
pictures (frame). A GOP serves as a basic access umit, with the I frame serving
as the access point to facilitate random access. It should be noted that a GOP
can consist of variable number of frames. It is assumed that any dropped frames
will be appropriately reconstructed as necessary using known FRUC techniques
in the decoder 154. In one embodiment, one of the following methods may be

adopted for the analysis:



of an arrangenent of one | picture (frame), P picture (frane), and one or
nore B pictures (frane). A GOP serves as a basic access unit, with the |
frame serving as the access point to facilitate random access. It should be
noted that a GOP can consist of variable nunber of frames. It is assuned
t hat any dvoppediBssanes w Il be appropriately reconst PaTi@I&82sABCcessary
usi ng known FRUC techniques in the decoder 154. In one enbodi nent, one of
the foll owi ng nmethods may be adopted for the analysis: Il W 2006/ 012384

PCT/ US20036@3P8 13 RahiO@e %p&t_an?%%a&lh&aﬂzhéfﬂﬁhé @é@lﬁé?nc@fdeﬁe?ﬁﬁlgfo:h%@adtiﬂi_t& he

sequence depending on the activity in the sequence %e.g.., sl ow notion
versus hi gh noti onthefdeatenpe i Sridow oo vasspsyhigh ragtian dehregignyvarié husr op

(discard) all hi gch)h%{re ?%cﬁéh%&eglgaz@g@ a?l@i%@&o%%?aﬁ&ﬂ?ﬁ?ﬁ[&%% nceThe FRUC

al gorithm avai l abfe a oye e encoder 104 to
construct [80expert &He FRUC dligoaiten avdilableat hede@idat 15dris beppaintahe source frane

and its interpolated, v ion is high, the source frape is dropped,

Al ternatively, ifenepisr ié@@été’“?ﬁfuﬁh@l ‘?Xé’e@?&:)%ﬁ‘g f%?gwa I_ the F%Eﬁ@a%q?gfef"ﬁeém a
reconstructed B-opaB8ahe ok 4binverfikel@tied idifgl, iR dobiceHRRlcas @I@?ﬁﬁr st on,
this highly correlated B- frane is dropped. If not, the source Tfrane is

encoded and t r ansévitarnasivelyl ff therpource dramelintricodedye ik &ame hed thouscopstfuckkde and

the interpolated frane.or. the B-frane., and e, i nt.er pol at fra i

roder at o ehe: oo ERRT ighiebh SaFeibish Wi, ARl S LG Ak RloES bR
information that figéndis@ebpped. HRO6QUR sbit€e Gtidk istoncefedtahe rinéfi@b|Iathed franme
Wth respect to its correspondi ng source frame, [0031] FIG illustrates

2
one enbodi ment ofcoKEtipR bewse he sues raridhaiptaneniated Game 6r B &sSimY the
source content. I&d%&%ﬁﬂé@ﬁ%ﬁeis'n[[t%d%fa?é)ﬂ%%n%r&d%ﬁantggﬁ%ﬂﬂe%ﬂ}e%et her any
t e pe the go

| at ency constraints exis or t rformince o ncodi n t he source
content. For exangied agassibt-itformatstuthend wsgd applproatthonstityos! thnintedsrdged

constrai ned by |atency.requir nts (e.qg., Sstreans carrying conversational
vi deo such as’ vi 3%%“‘?%“%&%8%%?%?8%10}1 1g 8QHECG Conpl ete all  encoding
operations ifost]si ngl €18aS Hluskrited dHeenbagBncnPPRESHi0BEs GAHy VBT Wdtdn St ep
208, where a one-ﬁgss encodi ng process is perforned. In contrast, non-

conver sati onal vid8do claerily thassoyregsentsnt- deprmambiodomnt, igistgp 288 itdaner a and
cancorder appli cadons M eLAANEEE oSS exili Wriifle PR JFCONStraints
encoding of the source content. For example, real-time streaming applications
or encoders constrained by latency requirements (e.g., streams cartying
conversational video such as video telephony) typically have to complete all
encoding operations in a single pass. In this case, operation continues with step
208, where a one-pass encoding process is performed. In confrast, non-
conversational video, such as video on demand (VOD), digital camera and
camcorder applications where encoded video is stored and thus no constraints
are placed on the encoding operation in terms of timing resources, may be
processed using two-pass encoding, as in step 216, As described herein, because
of these differences, the extent and quality of content classification performed by
coding systems 100 for the two modes vary.
Spatial Activity
[0032] Continuing to refer to FIG. 2 and referring back to FIG., 1, spatial activity
is determined by content classification module 106 in step 210. Specifically,
content classification module 106 determines the amount of spatial activity in
the video source 102. Tn one embodiment, spatial activity refers to the amount
of texture information, such as edge, saturated color, and high contrast objects,

in the image frames of a video sequence. Generally, the greater the amount of



are placed on the encoding operation in terns of timng resources, nmay be
processed using two-pass encoding, as in step 216. As described herein,
because of these differences, the extent and quality of content
classification perforned by COdI ng systens 100 for the two nodes vary.
Spatial A0 Me412§8032] Continuing to refer to FIG 2 BRHUP¥PESHAg back to
FIG 1, spatial activity is determ ffed by content classification nodule 106
instep 210. Specifically, content classification nodule 106 deternines the
anount of spati alexa@b infoidation in thbeidés se0erReLhe gredf2Pthe lspatiah ectieithothi srent
spatial activity raﬁgrs to the, anount of textu e infor }IOJ’I, such as edge,
saturated col or, “HSadHICHh tXBHE AQMmaBe); eadths quantiiedyging lp¥iges of a video
sequence. Gener al surkdie greater the anmount of WO 2006/ 012384

PCT/ US2005/ 02581 9 texture information in the video sequence, the greater
the spati &03Hct i wi thican: indlask-besrdedoring, thetresenof eachrblankras comparediie the

tified t h Q bl ock- based
ncodi ng, the mediaPTadR e L BERDarsa Sobiof N BN )t he frame
or (ii) a[osedighber hogthned: Dheomk@nddf pradl Yhi@csirzeash nfab0Bktk ban Béar i ance: The

anount of pixel variance in each macrobl ock can be ared against a
pre-det erm ned dét’@l’%fé%égﬁﬂ@hﬁ prericbEmged dafg- d@%‘i@f@%tﬁ‘ésm’g%@tqet@‘“ﬁt ivity.
Al ternatively, ﬁ&tﬁ?a bgh&lnm iog)g ﬂ? Alidae pyakiy t he nmean
measures, in which case erent th res]ﬁ can be use or Ifferent

ranges of nean vahdés. me{aﬁ(ﬁ%iurcs, iVahickakdse d:Bfemnktlﬁeshel(dShmiw usediforand
Vari ance: The ne n and vari nfasures can be extended to variable bl ock
sizes and to obj gfi‘fe patert eaﬁrvﬁute? arily sized (and shaped) regions in an

i mage or fgoasre. [O008&abth Bleans#aShapdaliéad and Warikiel ThObicaf hid ¥aiendet andar d
devi ation of a block, region, or object, to (ii) the mean of ,a region or

nei ghbor hood of Res8YEs (aa by GXteadeﬂ%Q vma(lgl;e@lock Sty anyblo PDEGIStSAING | de a
ressu e o cont S Qo agpei gt e, g paleras, ALl el
contrast [@Bélo ofd. aCeitwaerRdioo dke oationdc(i)ahé steddatdbdaigion 9§ etlloals, ragios wm of
e ences of L hG e Rhbe cuireot. Ol ook and e, men of 1l ghber g
by may be used to provide a measure of contrast within a neighborhood of

elements. Additionally contrast-ratio can be weighted based on the mean values

Specifically, the contrast ratio of a given block or macroblock is expressed as a

sum of differences of the mean of the current block and the mean of neighboring

blocks (8 neighboring blocks in a 3x3 neighborhood of 9 blocks) normalized by

the mean of all the blocks in the neighborhood. This measure provided

significant granularity into spatial texture information, which translates to spatial

aclivity and was successfully used as the block partitioning algorithm, for

variable block size DCT (also known as ABSDCT).

[0037] e. Motion Vector Field: In predicted frames (e.g., P or B frames), the motion
vectors of macroblocks (and motion vectors of subblocks) of the predicted frame
may be mapped to form a motion vector field. Such fields are used for motion
vector processing to smooth outlier motion vectors and, in general, are indicators
of: (i) the overall motion in the sequence; (ii} the motion activity of various
objects in the frames (e.g., based on the intensity, density and/or magnitude of
the motion vector field); and, (iii) the number of moving objects in the frame.

The level of motion activity also provides an indication of spatial activity of a
particular sequence due to the need for the detection by the motion activity

process to detect both objects (which requires the detection of edges) and



the nean of all the blocks in the neighborhood. This neasure provided
significant granularity into spatial texture information, which transl ates
to spatial activity and was successfully used as the bl ock partitioning

al gorithm for variable block size DCT (al so known as ABSDCT). [0037] e.
Mot i on Veovorodioelsk |n predicted franes (e.g., P or BP\CIT&I%@?/OZ He notion
vectors of macrobl ocks (and notion veéétors of subbl ocks) of the predicted
frame rmay be mapped to forma notion vector field. Such fields are used for
notion vector pregrRBBiNGviich SHEeshalttd tier ofiftroncey Be@tsegtals) dctbsgener al |,
are indicators of. (i) the overall nmotion in the sequence; (ii) the mot i on
activity of vano@%se%‘ﬁ?@cts in the franes (e.g., based on the intensity,
density ar[@%ﬁl mﬂ”'ﬁdgﬂﬁe@&loﬁf: hﬁlg_l_ Etb&fbn\éﬁg%h%lsf 1h%§.@e prfidsing tybichig he number
of noving o cts in frame. | evel” of notion act|V|ty al so provi des
an indication of @@tmhﬂghawiﬂhet,yu@fasa Sopelriilies 4¢ the piedpuenao émegeoveo? t he need
for the detection naC|V| s to.detect. b objects
(whi ch requires t%'}{(ali revg (ﬁ Bed‘&e ;SX%FF%J %@%Péﬁ%ﬁe%%}%ﬁoow 025813
10 variability (\A&Hrﬁﬂmxddetalaltmgwlm@ dedetrtiat terxifencd 6f radpnees rxptofgen regi ons)
across the sequence. [0038 . Edge Detection: Edge detection algorithnms in

i mage processi ng fSfpsitednde ?méﬁlﬁﬁ gennk pldleprrsevides andpdicaiinm et sratial asgiiky-
filter, e 9;{";3].1 a 3x3 or
5X5 regi on) Mﬁin %(hg%efteh% o?%?@drq}é%aggrs OP%V&%% 1glre @g@»ﬁ rogeshol dto
determ ne the emﬁstr&hmmﬁxfthamteﬂgageprmmgjarﬂmay sehdt reetsed cenlyespplindl t he
anount of edges p{Otﬁl des an i ndi cag ;lof spatial activity. [0039] g. There
are various other' %IP@&?SBF‘%SWB P&l activity as known to those faniliar
with the art ofrddpege ABiagessi ng, and any such neasure can be applied to
the process as shown in FIG 2. Tenporal Activity £0040] In step 212,
tenporal act {0P#8ly is dhtsaprﬁlﬁeidmpyrab@nvéms detemsioed by egritem clamﬂnﬂlen 106. The

anount of notion | etermn s the anm oraI
correl ation and r@aﬁ‘ﬂaih@ﬁ ?Cié 118]@1\7{ 8 5§60 e&ﬁ}@ﬁ%@ can be
used to conpress mempbldﬁ@@ﬁmiuﬁa@ceredma@@anﬂmmthe Wik sgypantd thhtcati on

of tenporal activity 1s determned via one of the follow n approaches
can be used to compress the video sequence. In one embodiment, th

quantification of temporal activity is determined via one of the following
approaches:

[0041] a. Motion Vector Field: This measure uses the same approach as described
above under the description for the spatial activity module 210 to construct a
motion vector field for an interpolated frame and then analyze the motion vector
field.

[0042] b. Predicted Frame Size: The size of a predicted frame is an indicator of its
enfropy because, for a predicted frame, the predicted frame size depends on the
number of bits required to code the motion vectors and residuals from the
prediction. Generally, the greater the amount of motion (or temporal activity),
the greater the entropy to be coded in the predicted frames.

[0043] ¢. MPEG-7 Descriptor: The MPEG-7 motion activity descriptor (MAD)
attempts to "capture” human perception of the “intensity of action” or the “pace”
of a video sequence. For instance, a goal scoring moment in a soccer game
would be perceived as a “high action” sequence by most human viewers. In
comparison, a “head and shoulders” sequence of a talking person would
certainly be considered a “low action” sequence by the same viewers. The
MPEG-7 MAD has been found to accurately capture the entire range of intensity

of action in natural video. It uses a quantized standard deviation of motion



[0041] a. Motion Vector Field: This measure uses the sanme approach as

descri bed above under the description for the spatial activity nodule 210
to construct a notion vector field for an interpolated frane and then

anal yze the notion vector field. [0042] b. Predicted Frane Size: The size
of a prediwbedshiage is an indicator of its entropy b&@EIISE05PEHE1,
predicted frane, the predicted frane 1di ze depends on the nunber of bits
required to code the notion vectors and residuals fromthe prediction.
General ly, the great®¢ oldsidRaued se@ici®irt® Ave fhsstemnanalroactdryiohyh, the
greater the entropy to be coded in the predicted franes. [0043] c. MPEG 7
Descriptor: The VPEGRIZh AR ERSE. activity descriptor (MAD) attenpts to
capture’ QUIRN DEr GEQh ALiiQlry! Mo mbARERAVAY sQlrAG! IR Rlind 60 pace”  of a
vi deo sequence. For instance,”a goal scoring noment I n a soccer ganme would
be perceived as asffibiegfvoathi anlysseigdemes bivywsmgsindneamg/dfondaegiatal n
conparison, a "head.and .shoul ders", sequence of al ki n erson woul d
certainly be consPgeeLFHL! =IV6}W9ha15fiF 23 &a}?&fﬁéﬁﬂ?ﬁ%ﬂga&b‘{ee?%&% The
MPEG 7 . MAD has bgfimak 6etdndi0d-4Ge Wdadceibior Rt MIEG-Netaairil; €he pragescaf
intensity of action in natural video. It uses a quantized standard

devi ation of noti GANOZHEBRE 1R 3GAMHTHY MSpROSIOREBALvVItY Bsipeteors t o
classify video se ] i i ry .| very
high intensity. [%ﬁ@fﬁgwf{)ﬁﬂa%‘erf,&ﬁﬁﬁ,&?%*%g‘%%F‘%ﬁ‘éﬁ%ﬁ?ﬁé@ﬁi pt or
addresses the i sssgmeht. Afdilesilerite acamhidatd motbrysi each soedexicnepredontodas mg, and
gueryi ng of video data notion actj vi ich is defined as the apount of
motion in a vi deot"g"e(iﬂ?é%@?aﬁm&ﬂ’d" h%%ca{?é@ﬁe‘i aﬁe@na?f%ﬁaséwwaﬁ?n t he
MPEG 7 standard. Jherpf oRasatat e iHeushbEsmR b edc s@éhte%f@ét_iv%%l ik ylsfeasur e
motion activity using the accunulation of quantized pixel differences anong
the frames of a gbwenedi Bendegsss(omuntshes well wdhe locatiqne ofwetisnidrat ed noti on of
each scene are represe ta%g as.8.q WO di mensi onal matrix. A scal able

techni que to corrpareput ese ety tes and generate MADs that represent

various noti ugsjof eachil sieeneveiphedtand empots acthvéig mdas@es gedust dhaptegr ees
(armounts) as well _as the Igcati ons of potion are conputed and presented.

[0045] All the abBhasabpamesisgenyampaH gichaleqrjhms condbssewiia siginie, s ¢

exanpl es. thresholding to assess and grade the level of spatial and temporal activity in a

frame and between frames.

Spatio-Temporal Activity:

[0046] In step 214, absolute spatial activity between neighboring frames or a set
of frames such as a GOP and the variation (variance) of the absolute spatial
activity across frames are quantified using simple frame differences and/or
higher order statistics such as variance and kurtosis to determine the correlation
between frames.

[0047] Alternatively, the principles of contrast ratio is extended to the temporal
domain to provide spatio-temporal activity measures.

Determination of Redundancy

[0048] The spatial activity metrics determined by step 210 in conjunction with
the temporal or motion activity metrics determined by step 212 are used to
determine the overall spatial temporal activity for a given sequence, For
example, in hybrid video compression the first frame in a sequence (e.g., the first
frame after a random access point or a scene change) is encoded - typically
independently of any temporal prediction, This first frame is referred to as an I
frame. Subsequent frames in the sequence are predominantly predicted from the

I or other previous frame(s), which, as previously noted, are referred to as P or B



I n other enmbodi nents, any and all such algorithnms can be used with sinple
threshol ding to assess and grade the | evel of spatial and tenporal activity
in a frane and between franes. Spatio-Tenporal Activity: [0046] In step
214, absolute spatial activity between neighboring franes or a set of
franes sutho 2086/6128@P and the variation (variance) of tReUVHBBY@FHIspati al
activity across franes are quantified using sinple frane differences and/or
hi gher order statistics such as variance and kurtosis to determ ne the
correlation bet ig@Rsf modRembbOREA] rdlub&mbabitwebsythe tdferopdd fendrRshof
contrast ratio is extended to the tenporal domain éo pr.ovi de

spati o-t enporal #68%Je% YapeEdhe weeo FWIGSSRIITALS BRY bt ISR dsEs h0048] The
spatial activityyagtysd ?ﬁzagﬁgsgerm ned by step 210 i'n conjunction with the
tenporal or notion actp' vity metrics determ ned by step 212 are used to

det er m ne [@K8] over aCérrggat: Altwoetspontdormbtion of: {1 )tbe paeclgiof Ghomeguenee. For

exanple, in hybrid videqg conpression the.first fra in.as e (e.g.,
the first frane n?ﬂcfoeﬁoq}sr @%8@%?{‘3%5 Cdts 8h7 ﬁ?m%?rorémgglé%%sﬁgﬁ§ge)%% %ncoded -
typically i ndepengeeigey: tof2)amkqhienparalloqrddngtih ¢R-refthinge frih imdytame i s
referred to as an | frame. Subsequent franes in the sequence are

predoni nant | y pr dgifemed te dgigmiperedpndspeint Hey PISPSHNs 8RPIPFARES) , which, as
previ ously noted, eor r 4 . 0ory B P {“#gﬁ% )5/ 025813
12 franes. In one‘ioe?rgtgg@r?ggte%ngl it %ﬁ%:@’%@tlym@eﬁgﬁﬁ{g%}@gégnge& ra??g and the
pr edi ct ed [#oséine ibn Motow Veeor: Sthenuaniedprd carrelaydeofoedtenviestor:, bgh nga t he

bel ow appr oaches: 4 .. Correl ation: A two.elenent correlation of: (1)
Che pi xols of (: petsaeotpodiraend Sofls B perten R Flint SRRart et "of o
frame; or (iii) ahe @Rhddcs o peiicteddrafled NRlotionWdchor sRSP@ELg dr@iHeZinofsn

equi val ent collocated unit in the reference frame, may be perforned to
det er m ne r edundaeigr Propgssing mey deosi hegpplingrie detrrniise BOBINPRAUVAGHEP of to
expensi ve operati . Y ti mte of redundancy. [0050] b.
Moti on Vector: Tﬁgﬁﬁggﬁﬁ%ﬂ;%&%n%g%ﬁf%ﬁ& ‘'on of motion vectors, both in a
nei ghbor hg@d1ijof nace.o lbpacdnse:aach me@oblack @nvtihdew 6f@meoblocksdotparaed bet ween

th f e an redi cted franes, Mdtion vector ot hi ng. or. ot her notion
e reterenc %aged on the ﬁvel of redundancy as low, meditm or?n[gﬁ: iow rgdundancy

blocks are coded as B-frames using bi-directional prediction, medium
redundancy blocks provide one or mors of the following information to the
decoder: motion vector to refine the motion vector processing results in the

- decoder FRUC, residue information to refine the difference in texture,
luminance shift information in the form of DC offsets ete. High redundancy
blocks are those that coirelate well with the corresponding blocks in the FRUC
mterpolated frame and are skipped.

[0052] All of the above described pieces of information regarding a macroblock or window,
3x3, of macroblocks is referred to as assist information.
Choice of Frames for FRUC

[0053] After the amount of redundancy in the source video has been determined
as described above, it is then classified based on content. In one embodiment, a
variety of sample source data is utilized to establish the classification parameters
for a particular application, and thus coding system 100 can be tuned to the
specific content expected to be supported by that implementation. The
classification mechanism uses the size of the predicted frames m normal hybrid
coding. In one embodiment, the smaller the size and greater the redundancy
factor of the predicted frame, the higher the probability that the interpolated

frame will be skipped during the encoding process. These frames will thus not



vector processing nmay then be applied to determ ne notion vector variance,
or to classify notion fields based on activity. [0051] c. Inportance: each
macr obl ock or wi ndow of macrobl ocks is then rated based on the |evel of
redundancy as | ow, nedium or high. Low redundancy bl ocks are coded as

B-f rames wai mos/iaissdi recti onal prediction, nedium reduPdEHBEPIWIZEERs provi de
one or nore of the followng information to the decoder: notion vector to
refine the notion vector processing results in the - decoder FRUC, residue
information to reti i 4 ] St
information in tﬁé@&%@&ﬂgk&%@@%ﬁ édegtsgﬁéﬁ%@t’rcgg%gﬁdgﬁggﬁﬂﬁyo%ks are those
that correl ate wsbivered fuirgadecolingERUORdIenyshl ocks in the FRUC i nterpol at ed
frame and ar i pped 0521, ALl of . a 3 i i ;

i nformation [ﬁoes‘atr di ngT]f'iL %%98? %lﬁslc %?(é)n&?cth\%% ﬁﬁ%&%{ l?esg(gég—%#ggrr%@? gﬁﬁ%%@%éﬂtys
referred to as aswo-phssienfclinmbd SOwnGNBPIE.S, it dre amafs! fhoguck Byich@RB3f After

t he anobunt of redundancy in the, squrce_vi ggzo has_ been detern;j ne(il .as

descri bed above, MPLUp garhemader applicsionse {herg Seecy AT BREEHer. cap3bildits igibodi nent

a variety of sanpl BiIRYYE 1 a%&@to!p%rfgﬁhhaﬁﬁe&%ﬁﬁﬁﬁpﬁﬂsﬁm BRoGhgssi fication

parameters for a particular application, and thus coding system 100 can be
tuned to the spddidwad byentplete expelgnetencodibg Soppor.tvdenisycadeat

i npl enentation. The ., classi Lijﬁcati on nechanj sm uses 1t he leize of the predicted
frames in nornal “RYBIE SESHPARGICT Yy 25 AbTERITHT RERE o AR EMETF 87 'Y he si ze and
greater the r edurﬁ@lﬁmﬁﬁémaﬁ@ﬁ; Bl hytblfie cRERIHgCdat Be EArBBR outlif ehelTirgREs dnlie
probability that the interpolated frane wll| be skipped during the encoding

process. These f tiemsatgl petvitlismperel activity, sp@erigmporghactivity @3y 95/ 025813 13
be included in t ' ' : t1 GRS SAHER N biL4 ! be up-
converted duri ng%@%@?ﬁ%@%@@%ﬁ%ﬁ%@%ﬁ%@éﬁ € %bove gescre?{%e%g% mechani sm
appl i es to one- passhepradittodviremepizexefttle vitlwosepasse ng otle figme agesdidwmdi n FI G
3, that are usef for .such.applications.as Jmbile .cancorder appld cations;
wher e | at ency angJ %?B%gégﬁ&v“g%ﬁaﬂ}ﬁnﬁ)iaﬁé ffﬁﬁnﬁf]ilémcttﬂgu%@}:g"tp§°pc5’1m device to
perform a conpl ety@s @i NB@ichi Bdotdrd YbusRoSHicRACRE) New cbal(b.oWesl xnstRRhet e
second pass encodi ng. However, when encoder

cost irames) can be dropped at the encoder 104 and reconstructed at the decoder

154 using decoded reference frames. In another embodiment, a smalt entropy

can be encoded by the encoder 104 and transmitied to the decoder 154 to

“assist” the decoder 154 with the up-conversion process, as described below,

Although the purpose of the assistance is primarily to enhance the quality of

reconstructed video, it can also be nsed to reduce the computational load on the

decoder 154 by aiding the FRUC engine 158 at the decoder 154 in making the

right decisions during a mode decision process.

Coding of enrtropy between source and FRUC Interpolated frames
- [0055] As noted herein, one of the primary advantages of EA-FRUC is that the

source frame for the frame to be interpolated is available at the encoder. Hence,

FRUC decisions can be guided to minimize the error between the source and the
reconstructed frame. For example, the proposed FRUC processing approaches
described herein depend on motion vector processing, content identification and
assignment. In these processes, interpolation of occlusions and overlapping
regions is a challenge. However, using entropy coding by a entropy
determination module 108 in FIG. 1, such regions are identified and appropriaie
side information is transmitted to the decoder 154 to assist with the FRUC
process. Other applications of such entropy coding are in scalable video coding

applications of FRUC processes, as described in co-pending patent application



conplexity is not of concern, as in an internet or wireless nultinedia
server inplenentations, normal hybrid encoding can be carried out in the
first pass and then spatial activity, tenporal activity, spatio-tenporal
activity maybe determined in a second pass, as illustrated in FIG 4. In
one enbodi nent, based on the predicted frane sizes of the video sequence
(e.g., thwofwadm2sizes of P and B frames in the vi deoPSEHYENETSIANnd frane
characteristics (e.g., proportion of ¥ bits for Mtion Vectors versus
coefficient data), |ow cost (e.g., low transm ssion cost franmes) can be

dropped at the enwoden73 02, andlcdereatot abd heparais fdrdstiecadae Ratkhd usi ng
decoded reference frames, In another enmbhodi nent, a_small entropy can be

encoded by the e&?&ﬂ‘ﬁ?l%@ﬂc@ﬁﬂwﬂ”aﬁ%ﬁﬂﬁ\@ o (Pt &%E%%’_Fb BAYo " assi st
the decoder 154 %&%yé%&%rﬁﬁfaﬁ&ﬂﬁ%ﬁlﬁb R PLPERIRe f@?yﬂ%ﬁﬁédsﬁ%@f&?%ﬁ@é{ﬁy

Al t hough the purpos e assistance 1S prinmari to enhance the 'quality
of reconstructedodingteo, it can al so be used to reduce the conputational

| oad on t decqder. 4. aidi ng.t he ER engine 158 at, t der 154 in
maki ng thEb%S?]i ghﬁ' Sé}é?]lg?lglﬁ)‘énﬁﬁ‘i‘tﬁgrrge T aesE PE i BF%"@BSS%‘J.CQ@OF%W of
entropy between g@tHeGad aRcurtRikmé RitRhFotnaideguintissendlca055] cofied et ed herein,
one of the primry advant aﬂgs of EA-FRUC is that the source frame for the

frame to be int er‘TGESFI%}ﬁ_%@Li nR9ash ssimpler Hawayre e rempiaigdesidyeiiom deci si ons
can be guided toyy éﬁ'c&'&iﬁfg%g@‘ss l@%ﬂtﬁiﬁ%@fé%‘ﬁ‘e?%% 4 E‘do%QHcSth%m?F@s Lbe

reconstructed franme. For- exanp rop FRUC procCessi ng approaches
descri bed[00&Flei n 2d epleadobimgroitireshoNe etedersadroocesaiyngpatiebatdgempérdient i fi cati on

and assignment. |In these processes,. interpolation.of occlusipons and

overl apping regi'Ois" % Oﬁhlgﬁaéll ‘f‘%ﬁgw_ﬁéﬁs‘eﬂb‘wﬁf@ﬁ,aﬂ@§?’}§5Wét_?€ﬂ‘%5§%§ O}é%a?%g by a
entropy determ matdd@n I8 UHEmADBshdl sfstdn (FVS)SH 6 enfBlicoMBod gai dentified and
appropriate side information is transmtted to the decoder 154 to assi st

with the FRUC prdetsaibes thesamsitiviiisp pf emanciye tovarone nises eHegysusb s rjoare in

coopending pat entoiarec e N 5505 b HREF ARG 0 ERE! e o
11/173, 121, enti tsbred rathéetiiemch vsnd! Qpfigrsabaes for Using Frane Rate up

Conversi on Techniqugs .i n Scal abl e Video Coding." 1n.one enbodiment, entropy
det er ni nati%¥ no UFM%E@‘BVF(’&?' GPWBOtF%‘I‘TGBWH%aF%:S%W@SW &ntropy coding:

differences from the source frame are coded and transmitted. This motion vector
is estimated using the source frames and reconstructed reference frames, in both
a causal and non-causal fashion. Causal coding is predictive coding that utilizes
the information available at the moment of coding/decoding (e.g., information
from previous macroblocks in term of decoding order), whereas non-causal
coding is interpolative coding that utilizes interpolative information (e.g.,
information from the next macroblock).

[0059] 4, B~framé Encoding: In co-pending patent applicationno.  [040442]
entitled "Method and Apparatus for Using Frame Rate up Conversion Technique
in Scalable Video Coding," the use of a FRUC-interpolated frame as one of the
reference frames during B-frame prediction is described. This approach can
offer, on average, a 30% reduction in the texture data to be transmitted.

[0060] 5. Mode Based: The B-frame encoding approach, above, describes the use of
an interpolated frame as a reference frame in encoding B-frames. The decision
to use the interpolated frame can be based on rate (i.e., to minimize the bit rate
for a given distortion), distortion (i.e., to minimize distortion for a given target
bit rate), and/or quality (i.e., maximize HVS-based or mean squared error, a

- metric to measure perceptual quality-based quality measures for given farget bit

rate).



[0056] 1. Pixel Difference Data: The pixel residue between a reconstructed
FRUC frane and a source franme is transforned, quantized and entropy coded
for transm ssion. This approach is sinple. However, any renaining residue
from the encoding process contains high energy and does not conpress well.
[ 0057] 2. Wwhresholgi ng: Threshol ds are based on acti vi PET(SpEENEB13and
tenporal) neasures, or human visual 1§ystem nasking and sensitivity instead
of being based on SAD. Human vi sual system (HVS) is an enpirical nodel that
describes thegpggnsi ti VibhdeaRe &HiroBY BPEL QX6 Ray Bch Ae@riMingdlah ofd &88JdSmHCh as
color, |lumnance, contrast, etc., SADis known to mnimze error froma
nmean squared senesupenlyissedivianbla lepstiradesdirg Hutinanys gathnjetio sedes gan bt i on

Vector: Correct . Y/ . i i : j ences from
the source frane ﬁ%lg@go gg&%ﬁggﬁétgnéﬁnﬁ}e{,g%ﬁ%%%%%&#%&g%&a?égpﬁ gsirs esti nat ed
usi ng the source fesidnas Guiemb-Bd@ns Bxpclrdant eddes ence: dpphaes, in both a

causal and non-causgl fashion. Causal coding is predictive coding that
utilizes th&it Ravail abl e at the monent of codi ng/ decoding (e.g.,

i nformation [dosmm previidys comed aldask Jefide thebibreimdebodicagedtydary) , Wher eas
non- causal codi ngi is interpolative coding that utilizes interpolative
i nformation (e. g. StandapisGPRRTMER Vided AFORE- ViR e SBFEKyPergtpnsDioran” B- f r ame

Encodi ng: | - i ' i i " Met hod
000D oo ALY A Gl 00 e BARAShy o0 iy 1oL

and Apparatus for I ng nfque 1 n Scal abl e
Vi deo Codi ng, " t heitsirsamdf comfaRuevwitht rertqndirds-ecmplizairdecaderan éhegteankieuctiorf er ence

frames daring B-frane predicti i s..described., This.appr h can offer, on
average, a 30% r etf3€¥Fo ‘?Hffn’teﬁge%taé’ﬁ]t‘??‘ﬁgnsdg greghye éoqqrﬁﬁ%aﬁﬁﬁ]teéﬁe [ 0060] 5.

Mde Based: The Bp{indtB, £a&@in@ndtRiitRcHeandRRdSto ioRAERESy tiRenb&Rr Of an
interpolated frane as a reference frane in encodi ng B-franmes._ The decision

to use the inter p¥idnes@rmengas targated endendistizesiior earepliant gecoding Fameni ze t he
bit rate for a g%ﬁgﬁiﬁbﬁtﬁj@@%}ﬁﬁ&%fo E{Hdt(a% 121?.0211130%2%1(]%1%?%&6&4 di stortion

for a given targe rate), or qg S- based or
mean squared err otqntials thedvpardiohof Asasdards-qperpdiepthiatrcaqugdrietayeridded qual ity

[0061] “Once. the. cHERBY B BEPLHE SIS THA Heth. o rBi hPHBHS o P aRE anbodi mont

generator 118. The operation of each of these generators will be explained
below.

[0063] Profiles and levels are defined in video coding standards because they
offer a large set of tools for the coding of audio-visual objects and, in order to
allow effective implementations of standards, subsets of the tool sets have been
identified, to be used for specific applications. These subsets, called ‘Profiles,’
limit the number of tools in a tool set a decoder has to implement. Further, for
gach of these Profiles, one or more levels of complexity are also set, restricting

the computational complexity.

Standards and Profile comnliant

[0064] In order for standard-compliant decoders in receivers to decode a
fransmitted stream, as in wireless multimedia communications, these video
decoders conform to specific profiles and levels. Although FRUC algorithms
have been provided in various standards as annexes, they are typically not part
of a standard profile. Thus, it is desirable that no modification to the bitstream
syntax and/or semantics would have to be made to accommodate EA-FRUC.

[0065] In order to conform to existing standards, the coding system 100 uses the
sténdards—compliant syntax (profile compliant) can be exploited to transmit the

“agsist” information. In one embodiment, the standard syntax may be used by



commonly used variable |l ength codes |ike Huffman or arithnetic codes can be
applied to encode the data. Further, for Laplacian distributed data such as
resi dual s, Gol onb-Ri ce or Exp-CGol onb codes can be applied. Bitstream
Generation [0062] Video coding standards define the bitstreamto be decoded
by any stwiadestsssonf or mant vi deo decoder. However, tRETEREWF8Eperation
is "open" in the sense that any encdder technique may be used so |ong as
the encoded bitstreamis conpatible with a standards-conpliant decoder in
the reconstructi ofie sRiQe&SSmpiAniORAs @ tertinaRplolicAiigupsroaths keinigkendec oder
capabilities are _unknown, a standard-conpliant bitstream needs to be
generated by the BaESGERU C?;Wi‘“t‘)‘“’*ﬁﬁeérformance is targeted and optim zed for
compl i ant (@eepdi Ng. HRABSymAOANEIBtomc ol dof LdoBIE, SARGTRLLQOMEPGY! & 112 of
t he codi ng system 100 con%mo I's the operation of a standards-conpliant

bi t st r eam gener at part &g erdiance@nidayatgndomly terhebd laper vatrsqet@émrgféﬁemt'ae or 116,

and a proprietary. t St.r rator..118. The o ach f t hese
generators w || %H@Q}ﬁl&f‘%@ﬁn g@ﬁ&ﬁ“ﬁé&@?“ﬁ%@‘? glgg &‘3? defi ned
in video coding siafddlddss,bagabsasishiafrmefides sént asgh tﬁ@hoxﬁfal Bdbinge for the
codi ng of audi o-visual objects and, in order to allow effective
i npl enent ati ons ofodiigandar ds, subsets of the tool sets have been
identifie u Py g S -call ed
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conplexity are alsq set, restricti the co tiona

St andards and Pr o]feaFIéi%EB 8 §116f@%gf4ﬁllp?l;tpn6plggq0ﬁ co)s g %/I ant
decoders in recei g8&midd 1686 @HSorfnt) bfABSMsinbe8ls Mt@@h@feaﬁrfb M’pﬁx@bﬁﬂ?
mul ti medi a comuni cations, these video decoders conformto specific

profiles and | eveprofileadefradghi3%IC al gorithms have been provided in various

st andar ds nnexe ofile.
Thus, it '@§6C§ZS| rgbl%“elpéﬂ%gmno rmt‘%&*n% ?65% Ft?ﬁe) r??’t%l ?%gl?#ggéﬁtﬁé and/ or
semantics woul d hpartaoftth)e tmﬁtmdthzm&mccmirhedﬁécbtolﬂ%nﬁﬁlﬂﬁass{sﬁﬁﬁﬁhnﬁtmnor der to
conformto existi e_codi ng system 100 uses the

standards conpl t2 H t) can be exploited to transmt

the " assi stjogg) or s gt aﬁ;wmga By stdGas HARARL sy Rlax maybe used

semantics to carry private data that are non-compliant fo the profiles defined in
the standard (i.c., tools provide for informative as opposed to normative
references). The interpretation of the parsed private data can be specific to
destination devices, which in a closed communication system this particular
feature can be exploited to improve performance. In one embodiment of the
invention, the standard non-compliant bitsiream generator 116 utilizes these
standard non-compliant private data to provide the “assist” information for
FRUC in one such application of this feature. The use of private information in
a closed loop systenﬁ provides more flexibility in the transmission of “assist”
information as the decoder modifications needed to exploit them are minimal
and can be enabled through simple "plug-ins" or "add-ons":

[0070] a. Specific Fields of SEI: These fields, which are not part of the profiles in
H.264, can be used to transmit “assist” information.

[0071] b. User Data: MPEG-2 and MPEG-4 offer syntax to carry private data, which
can be used to transmit the "assist" information.

Proprietary |
[0072} A standards non-conformant proprietary codec provided in proprietary

bitstream generator 118 increases the flexibility of the EA-FRUC approach



WO 2006/ 012384 PCT/ 1JS2005/ 025813 16 the standards-conpliant generator 114
in the foll ow ng approaches to inplenent the EA-FRUC process: [0066] a.
B-frame Syntax: Wien 13-franes are not received, either because they are
part of the enhancenent |ayer and only the base | ayer was received, or, the
entire Bwfoamweoizsmot sent, with nost of the redundanPChESRHEIMEEKks bei ng
skip node macro bl ocks, only the asdist information is sent through the
normal B-frame coding. [0067] b. Redundant Slices or Pictures: H. 264

provides for thi sysyRéERerciANSEEHfidaBy, bl hEPalPidéd @B rBRRA tmhplbgi@gg., inthis
case where certain of the franes are redundant. Parts of slice (few

i mportant nacro Hieseda trapsforma pch@s By Ts integes Hagamadnivaedet: iesb opHEbr t ant )
are sent using thy : I re : . ides defined in
H. 264. [0068] c. &lé"‘u‘ﬁ' yg{r‘r’ﬁ?%&ﬁﬁ%’ﬁg{gﬁéﬁ?é’l%r?@g?‘{rrhéﬁ’%ﬁh%oéﬁf%ﬁ:51%%gcific fields
of SEI are part apblitdie aphiefd biemid redidti@hdnd hatcaseanmpesssise dificeney snsm t
"assist" informatjon, andar | j.ant, Profil.e.Non-Conpliant [0069] The
tool sets in mnﬁ%?@@g%‘bvﬁﬂﬁbg‘gﬁm_r o YRRea © htsxPeRd ta‘%’éj fftics to
carry private datigclifidthe #c@tHaPhe pRIPALRAN kO of A6 bREREI ReadRtirged in the
standard (i.e., tools provide for informative as olggosed to normative

ref erences). The trovidesmesaemely fskibldmatfamde gxpeit ¢la FRUGaand FahRBE specific

par i cul ar 1 oat it SRefReed i R SATIR, BROY R BY SR
~ enbodi ment of t he(e.gl, MeBEH160K hebdgs iR PEHEadsTo DeapyRbYaoftoth tistatdamaygener at or

116 utilizes these standard non-conpljant private data, to provide the
"assist” infor nat]?edﬁd‘%"ﬁji ml%mlﬁat%o%&%ﬂ%ﬁ@@ﬁ?%ﬂg E?fa?sl"mO%Sﬂ?l%ﬁ?‘ﬁ* e. The
use of private i nfOEIRHiMY hivan®edu® 3G9l 1RRBS ¥ShAThREM: 468 FBF Srone
flexibility in the transmssion of "assist" information as the decoder

nmodi fi cati ons neededndn Iexpgkaonpletaeepriztasy aipnéachlthat atldkzes gointseursaail ed t hr ough

sinple "plug-ins" _or "add-ons": [007 a,. Ci fi ields of SEl: These
i ebde, whioh ar et RERe e i RO, bRl pildes S
transmt "assi st " bl @ftalingRystéR QT i Piorilises pddasidar sekpard adicheMRIAG- 4 of fer

syntax to carry private data, which can be used to transmt the "assist"
i nformati on. parameters and data fo recover fron: errors gracefully.

FRUC and EA-FRUC for Error Concealment

[0073] The gaining popularity of wireless multimedia requires the transmitted

video to be resilient to errors and smart video decoders that can conceal bit,
packet and burst errors. Video compression removes redundancy and increases
entropy in compressed stream. Ironically, however, the removal of redundant
information and increase in entropy 1s so significant -- almost to the extent that
the loss of a single bit, byte or packet of data can impact reconstructed video
quality; ranging from the loss of one block to many macroblocks or slices,
propagating through the current GOP until the next I or Instantaneous Decoding
Refresh (IDR) frame is received correctly. IDR is a H.264 terminology that
stands for Instantaneous Decoding Refresh. An IDR picture is an absolute
refresh point (access unit) in the bitstream such that there is no predictive
information beyond the access unit needed for decoding an IDR picture. The
possibilities of ervors occurring has serious consequences and error conceatment
is vital in such applications as video telephony, video conferring, and video
email), Errors also impact latencies in conversation applications. Fortunately,
frame, slice, macroblock and block interpolation and interpolation-assist
algorithms (e.g., motion vector assignment and motion vector processing) as

provided in various forms FRUC may be used for error concealment.



Proprietary [0072] A standards non-confoml ant proprietary codec provided in
proprietary bitstreamgenerator 118 increases the flexibility of the

EA- FRUC approach WO 2006/ 012384 PCT/ US2005/ 023813 17 provided herein
Specifically, any and all video conpression technol ogies (e.g., based on

t ransf or neweuaigeassdDCT, i nteger, Hadamard, wavel et, objPEGIUS2EH0IBHE | ow,

or norphing) can adopt the generic aligorithm of video interpolation applied
to achieve bit rate reduction and increase conpression efficiency as

descri bed abg}@% If or  EArERYGhowl e 18V ARERE S a hockS tBighiRal BD2PEARIAcYess 0OdeC
i ncl ude the ct that the proprietary nature of the bitstream generator 118

provi des an ext r epniS0fk.dn which dskeder dihandenesdst b@‘kma}'be FResCtig g IeaefRUC

al gorithns. Geat_r oMY, dar ds
(e.g., Macrobl ock’ h%%ﬁ@?dgﬁ%&ﬁ%@ﬁ%%@q %ﬁgggﬁgvﬂéﬁg osge?'!IJ t%?él?&/ g &'Pat e),
may be reduced alirdd, ar acedss mdrmirtad 802x) @ iraisns10{0TX) eata pasteedor &b@reucgvessraﬂicso

possi ble now, which_ is h advant a eou for | ti d| a co ations
over error prone %%gﬁﬁé‘l‘%%htﬂ%ﬁe é%ﬁﬁc SeH 8 6P §,g|1t9r 6‘&?%%@

utilizes joint SOG4 efhlatd FaB08 'Bhs%ﬁ'oﬁ'a s@l@@éﬁ‘@ddugg ﬁﬁ%mdulatmbﬁ%heﬂiesﬂnﬂ' buti ons
and characteristics provides the ability for coding system 100 to

prioritize a partplwmdasdaéet $3@dwlsan5ddfém§i}ﬂmw@dﬂocb?éﬁmﬁwbgl fandptdandat o

recover from errors ERUC and R Conceal nent
[0073] The gai ni n%l g ﬁgﬁéj g'fla%nrs lst%A 'F?t%(ﬁ 181 qwarpeﬂsoIl hﬁ
transmtted vi deﬁhoﬂﬂabﬁﬂ(ﬁ%béwﬁmﬁe dafn @h’fb@fs?plﬁﬂgylﬁ'ﬁﬁﬁ tand bogiblgiegndiaps t hat
can conceal bit, _packet and_burst errors. deo conpreSS|on renoves

r edundancy and | nfo¥ %@%erseéﬁkr%@mﬂ(%@?%wd&aﬁ%ﬁﬁ /‘Prr%bﬁr@&CF%?mghOV\ever

t he renoval of [ p
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or packet of dat amuaﬁTMT@}aﬁtS nreweres {a.g10toadertsito erlog didtiist ymplifengindg from t he
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is received COI'I'EGJhicﬁqg&dﬁan[t&d@rdﬂ]%ﬁgﬂq{éy@ﬁﬂl(ﬂm ogy t hat stands for
| nst ant aneous Decodi ng Refresh. An IDR picture is an absolute refresh point

(access unitJOO7H t he bitapeess apns sy, thsmodplstedsignals frgngsmified by popess

termminal 502x and other terminals in communication with access point 504x are
received by an antenna 552. A receiver unit (RCVR) 554 processes (e.g.,
conditions and digitizes) the received signal from antenna 552 and provides
received samples. A demodulator (Demod) 556 processes (e.g., demodulates
and detects) the received samples and provides detected data symbols, which are
noisy estimate of the data symbols transmitied by the terminals to access point
504x. A receive (RX) data processor 558 processes (e.g., symbol demaps,
deinterleaves, and decodes) the detected data symbolé for each terminal and
provides decoded data for that terminal,

[0076] For the forward link, at access point 504x, traffic data is processed by a
TX data processor 560 to generate data symbols. A modulator 562 receives the
data symbols, pilot symbols, and signaling for the forward link, performs (e.g.,
OFDM) modulation and/or other pertinent processing, and provides an output
chip stream, which is further conditioned by a transmitier unit 564 and
{ransmitted from antenna 552. The forward link signaling may include power
conirol commands generated by a controller 570 for all terminals transmitting on
the reverse link to access point 504x. At access terminal 502x, the modulated
signal transmitted by access point 504x is received by antenna 520, conditioned

and digitized by a receiver unit 522, and processed by a demodulator 524 to



i nformati on beyond the access unit needed for decoding an IDR picture. The
possibilities of errors occurring has serious consequences and error
concealment is vital in such applications as video tel ephony, video
conferring, and video email). Errors also inpact |atencies in conversation
appl i cat i wius200Fopssanat el y, frame, slice, macrobl ock aMfd/BSBEKZFHE er pol ati on
and interpol ation-assist algorithms{e.g., notion vector assignnment and
nmoti on vector processing) as provided in various forns FRUC maybe used for

error conceal mentybtaliAeZRRE/d%L23880EChn US2 QAL Hf2E83:31 028 Brdce&éddhe FI G 5 shows
a bl ock diagram of an_access term nal 502x and an access oi.nt 504x, in
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application of s G, 10 I, }&yp%wg [ cdchifadgVver se
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traffic data frendentatsalabutfienissio? anprocedgesef en the reverse didk $g adeatser | eaves,

and synbol rmaps) e dat a ck b on sel ect ed.codi and nodul ation
schene, and pro%?@gg@%?&nggﬁ%%%q ‘mi%ggtdge? Qﬂelai%@nﬁf?ﬁ?ﬁﬁﬁ%ﬂl% synbol for
data, and a pil gt2:emMRtesk foidt ST HeaidcRelR YabRbryh@fits BBE oid {7ahkih is known a
priori). A nodul ator 516 receives the data synbols, pilot synbols, and
possi bl y si gnal i ipergmseodenand ¢afepssd by jcamrolles 550 apg 5 (@ regpec nmodul ati on
and/ or ot her, cessi c; 1 1o t T OV stream
o Cout put oG At A aleaRRahiy 38 Al AR B B DR e te o

anal og, filters, vaitpbnd/oedta @ndectivite tpuewrey Tipcoose tadns)nal mey beitgmtctehi p
stream and generates a nodul at ed ﬁ{aggglfﬁﬁpp which is, transmtted from an

ant enna 520. [OQ%TC%PP‘%]@ ECHBI ; W%F%Meélf@ﬂc%mgﬁ%glﬁnéﬁsm tted
by access term pal s9025taRd QRS kudnek Fipeabsal iihiePIBkRhCatl.BceM t h access
poi nt 504x are received by an antenna 552. A receiver unit (RCVR) 554
processes (e.g., terpomdian dsesbeantirrad tpi asiasebicrib¢ramitemeblagiptvingmablls r om ant enna
552 and provides received sa di (,Deni 5956 cesses
(e.g., denodul at é‘?sm&grslt&n%flétr %1&%%@?1?‘ ngﬁﬁl gegge})r?/lg?itsug%ﬁl"e%’ (gﬁlggrperqgl\?fr%ég detect ed
data synbol s, whiTtb aggess tef@ihslynBHel avaberivér stden dadrdlessiabtiot, sellvlansm tt ed by
the termnals to éccess Qi nt ~ 504x. A receive (HES{?){) .dat a  processor 558
processes (e.g., ‘A Fieralsahone fujondless|iderhons, ansasiefeidfifbiey Fraieroliet ect ed

data symbol's for (emsndfl FvfielessABG IRpRWIF Sralleit AdRRoAR RGP hsslhAl terminal .

(PDA), a handheld device having wireless connection capability, or other

processing device connected to a wireless modem.

[0078] An “access point,” as discussed herein, refers to a device in an access
network that comnmunicates over the air-interface, through one or more sectors,
with the access terminals. The access point acts as a router between the access
terminal and the rest of the access network, which may include an IP network,
by converting received air-interface frames to IP packets. The access point also
coordinates the management of attributes for the air interface.

[0079] The disclosed embodiments may be applied to any one or combinations
of the following technologies: Code Division Multiple Access (CDMA) systems,
Muitiple-Carrier CDMA (MC-CDMA), Wideband CDMA (W-CDMA), High-
Speed Downlink Packet Access (HSDPA), Time Division Multiple Access
(TDMA) systems, Frequency Division Multiple Access (FDMA) systems, and
Orthogonal Frequency Division Multiple Access (OFDMA) systems.

[0080] 1t should be noted that the methods described herein may be
implemented on a variety of comimunication hardware, processors and systeras
known by one of ordinary skill in the art. For example, the general requirement

for the client to operate as described herein is that the client has a display to



[0076] For the forward link, at access point 504x, traffic data is processed
by a TX data processor 560 to generate data synbols. A nodul ator 562
receives the data synbols, pilot synbols, and signaling for the forward
link, perfornms (e.g., OFDM nodul ation and/or other pertinent processing,
and provi sa@s2oasi0ieisiput  chip stream which is further BEHHPXPYHREH3 by a
transmitter unit 564 and transmitted2from antenna 552. The forward |ink
signaling may include power control conmmands generated by a controller 570

for all term nal SliglARsMehtandhBnatibhes fredBEE e tdntl 1he opEeesPolBd dllenP04X. Al
access term nal 502x, the nodulated signal transmtted by access point 504x

is received by afnépmEnsrpiorsonas d3ts Aabprogings arlapd jobe opsratipndds ver unit

522, and process ggmﬁg ggo%sﬁgﬁgﬁxﬁh@%agg aa\é\g}%g}%%}?el 2@%@%@9 / US2005/ 025813

19 obtain detect cessor processes the
det ect ed data symhbéinsny tiprdivitde s haeibeld edmdaitahdvarg dohentrératiomal and t he

forward |ink signaling. ntroll er 530..recejves the power., control commands,
and control s datg'.J &aﬁ.’a}b[élﬂ’seﬁi Yeb Aotk e@%&ﬂ%ﬁt J‘hﬁ(ﬁ\ﬁg}t 1%?119‘?7?‘@3}@\%’? 2 link to

access point 504xvinEentidhicRichs e3RbAMes. 570 direct the operation of access
term nal 502x and access point 504x, respectively. Menory units 532 and 572

store progrié®fitodes dhdvaraus ilpsbaivsjogeniagiil Wpespyoduer asygicuitespect i vel y.
[0077] An aC.Ces%ieécgljaQ&{}l o ecﬁ§ng/'itﬁ(fﬁfase%?%d{ﬁ%n% (ﬂscltgsga %}rﬁintn?a gdevi ce
providing voice and/ or data connectivity to a user. The access terninal may

be connected to @apkearpttongerttembd @ith u@bnas pardoappropessanp dipil signableskt op
conputer, or it may be a self cgntained, device such a er al digital
assistant. The adE¥§&or (1&¥7nh #App %?r‘t‘oalslé%lfgémre@?@fircérﬁmf @\ﬁg’?’é‘ scri ber

unit, nobile statjan,mfBbkkere angf%fo&%ﬁi Phrogfa iR 1551&%&1'@&,@1391%%5

termnal, user agent, or user equ The access termnal may be a
subscri ber st at i @ate anitnadigeslogiedigresie butiwaleapmporsntspbiany copEBatiesl ephone, a

ocal Toop (viL) Grafignen RerRuhidt g e geBhdperkp” s BRREouBedl ol

devi ce havi ng W red@sdr 82766 hi@dpoa@sadd| bitl i thedltepiatied, thadiro@ess niag bdevi ce
connected to a wireless nodem [0078] An "access p%nt," as di scussed
herein, refers t@n¥CoRFPa@R] proggsscemialleryBicyRroRirelies: o SBIRTOMDESt €5 over the

air-interface, through, Hﬁﬁ aflb bgg%@gﬁ&ﬁéﬁﬁs% comMitafloh BECAGRBRS abhi] dgl . The

access point acts as a router en the access
a combination of a DSP and a microprocessor, a plurality of microprocessors,

one or more nmrcroprocessors in conjunction with a DSP core, or any other such
configuration.

[0082] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a
software module executed by a processor, or in a combination of the two. A
software module may reside in RAM meniory, flash memory, ROM memory,
EPROM memory, EEPROM memory, registers, a hard disk, a removable disk, a
CD-ROM, or any other form of storage medinum known in the art. An
exemplary storage medium is coupled to the processor, such that the processor
can read information from, and write information to, the storage medium. In the
alternative, the storage medinm mey be integral to the processor. The processor
and the storage medium may reside in an ASIC. The ASIC may reside in a user
terminal. In the alternative, the processor and the storage medium may reside as
discrete components in a user terminal.

[0083] The description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the various embodiments. Various

modifications to these embodiments may be readily apparent to those skilled in



termnal and the rest of the access network, which may include an IP
network, by converting received air-interface frames to I P packets. The
access point also coordinates the managenent of attributes for the air
interface. [0079] The discl osed enbodi nents nmay be applied to any one or
conbi nat i on@ 2006012884 f ol | owi ng t echnol ogi es: Code ExV|§F$ﬂBNNW9P%He Access
(CDMA) systens, Miltiple-Carrier CDVA (MC-CDMA), W deband CDVA (W CDWVA),
Hi gh- Speed Downli nk Packet Access (HSDPA), Tine Division Miltiple Access
(TDVA) systens, Hheawemdyhdientsd pihciMstdeghel 1ﬁeﬁﬂaﬁy(bl§labﬂﬂ)edsysmem and

Ot hogonal Frequency Division Miltiple Access (OFDVA) systens. g

shoul d be noted tHBEOHRI SIS IHAN BESRNEEABIHCBSE WYIS%“GWWBT% fed on a
vari ety of comu one of
o di mar y ski 111 T B e e o YT B e
client to operatema@ﬁmes&huﬁéaChsrehﬂnmswtm&mdﬁﬂelmﬂm@ﬁﬂthﬁg a display to Il

processor fo cont T AL ISP RATGH: BY % AL BCERE Taion “SuRSPYRBH st or i ng
data and progr arrswmeﬂﬁtpeﬂcfms hhen®@REfalitcd distlosddiereit] ThRévord “‘ex@fslary”

enbodi ment, the client is a cellular phone. In another  enbodinent, the
client is a handwémﬁﬂéﬁﬁW§W@Whﬁ5W1ﬁ@mﬁﬁnﬁ%ﬁpﬁéi?bﬁ@ﬂmghﬁ§ﬁpﬁ$Pies In yet

anot her enbodi mag%lf &@heelwémﬁ&iﬂﬂflﬁ%ﬁ%@dheg INHIa ﬂg)y HbiICOMunNi cati ons

capabilities. various illustrative |cs bl ocks,
nodul es, and cir cmﬂcessanlgtesbw CCdeUﬂdms@mwaBIdtdr@dVamaghOuShﬂemﬁlﬁdl nment s
di scl osed herein i.npl emented or performed with a general purpose

processor, a di gi ¥ ‘Jgpaﬁﬁl processor (DSP), an application specific
integrated circuit (ASIC), a field programmble gate array (FPGA) or other
programmuabl e | ogi ¢ device, discrete gate or transistor logic, discrete

har dwar e conponents, or any conbination thereof designed to performthe
functions described herein. A general -purpose processor may be a

m croprocessor, but, in the alternative, the processor nmay be any
conventional processor, controller, mcrocontroller, or state machine. A
processor nmay al so be inplenented as a conbi nati on of conputing devi ces,
e.g., a conbination of a DSP and a m croprocessor, a plurality of

m Ccr opr ocessors,



one or nmore mcroprocessors in conjunction with a DSP core, or any other
such configuration. [0082] The steps of a nmethod or al gorithmdescribed in
connection with the enbodi nents disclosed herein may be enbodi ed directly
in hardware, in a software nodul e executed by a processor, or in a

conmbi nation of the two. A software nodule may reside in RAMnenory, flash
menory, ROM nenory, EPROM nenory, EEPROVkmenory, registers, a hard disk, a
renovabl e disk, a CD-ROM or any other form of storage nmedi um known in the
art. An exenplary storage nediumis coupled to the processor, such that the
processor can read information from and wite information to, the storage
medium In the alternative, the storage nediumnay be integral to the
processor. The processor and the stordgeAM8i um nay reside in an ASIC. The
ASIC may reside in a user termnal. In the alternative, the processor and
the storage nedium may reside as discrete conponents in a user termnal.
[0083] The descr iApmiidind &ir consrugtientdirsddeceseaticerinslustinga spquencgedfremeenabl e
any person cekiptikiagt in the art to nake or use the various enbodi nments.
Various nodifi cablefmigidentdienat eivigpd ofetisityrimthdsequeddiol framppahetype oD t hose
skilled in it W 2006/012384 PCT/ USZOO?/ 025813 . 21 the art, and the generic
princi pl es defyityeslented diom wrafpR capwiting f sratiakachyity. demepipland spatiaktempordly 5
instant nessagi;ng service or any general wireless data comunication
applications, wthout departing fromthe spirit or scope of the invention.
Thus, the descri ptiennining aveturidahenidedkk type bEackivity;taed, t o t he enbodi nents

shown herein but is to be_.accorded the w dest, scop onsi.stent,  W.th the
principl es and n@g“éﬁdn}getg? firwe lﬁggg?tﬁg‘_é‘aggrf@ﬁ‘éﬂ@cyﬁﬁz’e r?jﬁrst[;’(rg prgpiged i
used excl usigyelnoldeNRldh I BRImIRRAIMYANGaRY ifPetRSAME FirstiphileRRfMed Breshold

illustration.” Any enbodi ment described hefein as "exenplary" is not
necessari | y and alyecond psidetgedingd thyeséblergreaterdhantte first prgdetgeminge threshpldy a non-

enbodi nents. 22 Al 1.. A net ho% éor construction of a video sequence
< oa B U et el

including a”

2. The method of claim I, wherein determining the spatial activity in the sequence of
frames comprises determining an amount of texture information in at least one frame of the

sequence.

3. The method of claim 1, wherein determining the temporal activity in the sequence of
frames comprises determining an amount of temporal correlation and redundancy between at

least two frames in the sequence of frames,

4. The method of claim 1, wherein determining the spatial-temporal activity in the frame
of the sequence of frames comprises determining an amount of temporal correlation and
redundancy of an amount of texture information between at least two frames in the sequence

of frames.

5. The method of claim 1, wherein determining the redundancy in the activity comprises
determining redundancy using at least one spatial activity measure selected from the group

consisting of a contrast ratio measure, a spatial complexity measure and a variance measure.




conprising: determ ning an amount of a type of activity in the sequence of
frames, the type of activity selected froma group consisting of spatial
activity, tenporal and spatial-tenporal activity; determ ning a redundancy
in the type of activity; and, encoding the frane if the determ ned
redundancy is below a first predeterm ned threshold, wherein if the

determ ned redundancy is between the firsts predeterm ned threshold and a
second predeterm ned threshold greater than the first predeterm ned

t hreshol d, a non- redundant part of the frane is encoded. 2. -The nethod of
claimt, whérei nTHetethodnif oRirh hewhainidatermmingvthe yedunddnkg irsthe aelindey cofprifgsanes
conpri ses detern ni ngq‘ﬁ‘gl anmount o; texture information in SraSt one frane

t |
of the seqUEERINING redydancy;usutg abfeagt ok SEmPOrdRE RN ERSTE SHIchie dOPHLC EBWBor al

activity in bhesedueRtRiontiecld iHREH HORRL! SRSl %5@1@54&91@5&@9@@1&1 o®f
tenporal correlation and redundancy between at |east two franes in the
sequence of abscdutediffedencFhmeasstenod of claim 1, wherein deternining the
spatial -tenporal activity in the frane of the sequence of frames conprises
determ ning an anount of tenporal correlation and redundancy of an anpunt

of texture i,nforpmmtio e S fr L :
framse. 5. The marhaausR c LR TR Buld FERRuh Bl BERUNIG Somlices
activity compfehfiing rdéimland by @nipatbg selasy twisioligitpinchaaat scored Spat thalgroup
activity measure, sel ected fromthe group consisting of a _conft raﬁ3 ratio
measure, a $PRYSIHE of aspIrelalionofFpala) pevalydneiswray Peed Hllibeol neighbgringry o

met hod of clgi : Q - g i: :
Compr i ses _qane e AHREE, RelSh el il MalilR o RRURRARGN wilh IefFpE bl defvioy
measur e sel ecxdagded, namotiondiet mtgpsitycmpmsuss, b regnpakal @omplekip nfensirel and b ewsiof'y
neasure, at oral_conplexity neasure, a sumof absolute differences
measure. 7. % Utﬁ\a{fﬁéﬂmﬁ?m@ﬁ“&?ﬁi’n 1, wherein determning the redundancy in the
activity conprises determ ning redundancy by conparing at |east two
activity measures selected fromthe group consisting of a correlation of

spatial actigyity Aeaspit@TeRRbNORAIEN RhwWh@inktyctiohs Sigted RREd@r clusgRS, a
directivity neasure, a joint behaviors between regions with varying spati al

activity measgrigsto exeprie p srethaddprransirushion pfa midae sraaenes ipednding asequemgsiadxi t y
nmeasur e, ancha%]ei%m: Rfethoﬂl%&%ﬂ’éiﬁg:di fferences neasure.
determining an amount of a type of activity in the sequence of frames, the type of |
activity selected from a group consisting of spatial activity, temporal and spatial-temporal
activity;
determining a redundancy in the type of activity; and
encoding the frame if the determined redundancy is below a first predetermined
threshold; wherein if the determined redundancy is between the first predetermined threshold
and a second predetermined threshold greater than the first predetermined threshold, non-

redundant part of the frame is encoded.

9. The computer readable medium of claim 8, wherein determining the spatial activity in
the sequence of frames comprises determining an amount of texture information in at least

one frame of the sequence.

10.  The computer readable medium of claim 8, wherein determining the temporal activity
in the sequence of frames comprises determining an amount of temporal correlation and

redundancy between at least two frames in the sequence of frames.




8. A conputer readabl e nedium having instructions stored thereon for causing
a conputer to execute a nethod for construction of a video sequence

i ncluding a sequence of frames, the nmethod conprising: determning an
anount of a type of activity in the sequence of frames, the type of

activity selected froma group consisting of spatial activity, tenporal and
spatial -tenporal activity; determ ning az24edundancy in the type of

activity; and encoding the frane if the determ ned redundancy is bel ow a
first predetermned threshold; wherein if the determ ned redundancy is

bet ween t he 1fij r sThpcadpiter whdudtt médigabbidim andhaelseme1rM@tdetmm-mmoral
threshol d greater, than the re ternlned t hreshol d, non- undant

| rst
part of the FWdRygnitke fém%fetlae S@luelﬂm@ anﬁmwprn@ae%tdn@n%apam%m %ﬂ%{ﬂ?ﬂr@
wher ei n det %ﬁaaﬂléwaﬁd*}edﬁnaﬁdyadfaagmoﬁhttaftéx@ure LSS AR BRRReR bt Feﬁs@'ﬁ?@ frames

conprises determning an anount of texture information in at |east one
frame of thenthegeproe: offftaméFhe conput er readabl e nedi um of claim 8, wherein
determ ning the tenporal activity in the sequence of frames conprises
determ ni ng an anDunt of tenporal correlation and redundancy between at

least two f rlamas S tgr r%gtgatb%r%gdﬁtlnfﬁg)? erelgl (%ete?x%m%%n@%e%[ﬁ}l@a%@gﬂpl e

medi um of cl' & m ern es’pal In the

frame of them&qu&mm sek ﬂaam&nmgmwunaaﬁ:%/ddhghtﬂemnge atialmtinity plkasuenpor al
correlation and redundancy of an anmpunt of texture inforpmation between at

least two froelfeied frpm thieroyp gorsitias of 2 Foniinsiaatio measprr, asBN PRIPPIeRRtREASHTe

medi um of cl ?H?vgrlan%ﬁ{eﬁdﬂ determ ning the redundancy in the activity
conprises determnin undancy using at |east one spatial activity neasure
sel ected fromthe group consisting of a contrast ratio neasure, a spatial
conpl exity nmeasure and a variance neasure. 13. The conputer readable nedium
of claim 8, I\E,her diha cckepldﬂmendab@: mbrhume)dlhdalﬁcvhfprnm deteemaning the rgduodangy irs es

det erm ni ng usi eas ne te activity neas

sel ected 1ot tRREPETR S Age inig Wdondiy ETR S et &5 ety FS N e &

t enpor al CO@Blle@tédl fr}zﬁm tHE 3k @ons@sti%gm%oﬁbﬁﬂlamtlﬁteﬂslfyflﬁéa@mememmmn [édity The
conput er readabl e medi um of clai m8, wherein determning the redundancy in

the acti vit ynessiprd sasolgbselnie differgnece meatiamcy by conparing at |east two
activity measures selected fromthe group consisting of a correlation of
spatial activity neasures between a

14, The computer readable medium of claim 8, wherein determining the redundancy in
the activity comprises determining redundancy by comparing at least two activity measures

| selected from the group consisting of a correlation of spatial activity measures between a
plurality of neighboring frames, a directivity measure, a joint behaviors between regions with
varying spatial activity measures, a motion field intensity measure, a temporal complexity

measure, and a sum of absolute differences measure.

15, An apparatus for construction of a video sequence including a sequence of frames
compriéing: )

means for determining an amount of a type of activity in the sequence of frames, the
type of activity selected from a group consisting of spatial activity, temporal and spatial-
temporal activity;

means for determining a redundancy in the type of activity; and

means for encoding the frame if the determined redundancy is below a first

predetermined threshold, wherein if the determined redundancy is between the first



plurality of neighboring frames, a directivity measure, a joint behaviors
between regions with varying spatial activity neasures, a notion field
intensity nmeasure, a tenporal conplexity neasure, and a sum of absolute

di fferences neasure. 15. An apparatus for construction of a video sequence
i ncludi ng a sequence of franmes conprising: nmeans for determ ning an anount
of a type of activity in the sequence of tyanmes, the type of activity
selected froma group consisting of spatial activity, tenporal and spatial -
tenmporal activity; nmeans for determ ning a redundancy in the type of
activity; amptdeeanmed dﬁe@ntclcuﬂidmged:dmd predateeminkd thveshd&t geatentben thedmsidancy i s
bel ow a first rede d t i f the determ ned redundancy
i's between Wﬁ@'% ggeﬂﬁﬁ% ‘%@Hp¥ﬁh§éﬁhW@egﬁﬁwgd econd predet er ni ned
t hreshol d greater than t he flrst predet erm ned t hreshol d, non-redundant
part of the frame is encoded. 16. The apparatus of claim 15, wherein the
means for dgker NTAE Bgpardies SMadimals, atitdein thy medns fbheetsRObRP Cle spﬁnélraaﬂnﬁ@ 1n
conpri ses neans for eternlnlng an anount of texture information in

| east one f iBhisqumoe REraBeR OmBIseaMeant AR defpaiarg e BRowYt af ihchise n%maté%mt he
means for d%ﬁ%ﬁﬁ‘ﬂéﬁgmg%?ﬂﬁ%ﬂﬁ%hal activity in the sequence of franes

conpri ses neans termning an anount of tenporal correlation and
redundancy between at |east two franes in the sequence of franmes. 18. The
apparatus of claim 15, wherein the nmeans for determning the

spatial -t emidr al Thaappamtug/oti ahaimhks, fvhanein thé mehiss fge@amumneftha‘tmpe@l YBIVPY inses

nmeans for termnin mount. of tenpo correl ation undancy of
ot ofis ERv e Sr ARpR S siveDhetib o el iRad & fiinH o EffgoRR RRdAmon
sequence of ahA aAdantP bethizen APRAE AfdIFardés ifi i Fyddnce WhREAEN the neans for
determ ning the redundancy in the activity conprises neans for determ ning

redundancy using at | east one spatial activity neasure selected fromthe

group consisting of a contrast, ratio neasure, a spatial, co IeX|ty nmeasur e
and a vari ande nd#8apraratppot cldim b yheiin e preaps for ﬁ?tq'@llnwaébeeipﬁﬂ% Hemptahs for

det erm ni ng Ethﬁtdf 1ﬁfﬂl'1’e|”f?ﬁﬂg¥fﬂ1@ sédg@nce%??’fafﬂeg ¥orﬁ b I f&?&&énﬁnﬂfng%ﬁ BHﬁt”' ”9

redundancy usin east one t oral acti VI measur e sel ect
group consi sif temgpood] carreﬂaﬁomandfmﬁlmlamayt@aﬁ lam;oumﬁﬂmmﬁp 1ﬁot1mtmrbatweenanlpdtsem ty

neasure, a sum of abs %I ut e dlff?,rences neasure. 26
iwo frames (n the sequence of frames

19.  The apparatus of claim 15, wherein the means for determining the redundancy in the
activity comprises means for determining redundancy using at least one spatial activity
measure selected from the group consisting of a contrast ratio measure, a spatial complexity

measure and a variance measure.

20.  The apparatus of claim 15, wherein the means for determining the redundancy in the
activity comprises means for determining redundancy using at least one temporal activity
measure selected from the group consisting of a motion field intensity measure, a temporal

complexity measure, a sum of absolute differences measure.




21. The apparatus of claim15, wherein the neans for determ ning the
redundancy in the activity conprises neans for determ ning redundancy by
conparing at least two activity measures selected fromthe group consisting
of a correlation of spatial activity nmeasures between a plurality of

nei ghboring frames, a directivity measure, a joint behaviors between

regions wth varying spatial activity neasgres, a notion field intensity
nmeasure, a tenporal conplexity measure, and a sum of absolute differences
measure. 22. The apparatus of claim 15, wherein the apparatus is a wreless
communi cat i aIi. deviteeppard@s ofl Eigind pRaviatdits thefmeah@fomdderminhigr ke rediidanappahat us
is an integrated circuit.

activity comprises means for determining redundancy by comparing at least two activity
measures selected from the group consisting of a correlation of spatial activity measures
between a plurality of neighboring frames, a directivity measure, a joint behaviors between

regions with varying spatial activity measures, a motion field intensity measure, a temporal

complexity measure, and a sum of absolute differences measure.

22, The apparatus of claim 15, wherein the apparatus is a wireless communication device.

23, The apparatus of claim 15, wherein the apparatus is an integrated circuit.



