VETHOD, DEVI CE, AND MODULE FOR | MPROVED ENCODI NG MODE
CONTROL | N VD3EO ENCODI NG Techni cal Field The present

w0 poogfotilon rel ates to the field of digital videoI/IB2006/001501
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processing. In particular, the present invention

rel ates to the video encodi ng. Background of the

| nvention Vi deo conpression stlandards have been

devel oped over the | ast decades and formthe enabling

technol%%hgcn today's digital tel evision broadcastin%
syst MHETHAD, REVICE: AND MODULE HOBBIBRAYEI ENCODING

standards Ilies Mﬁﬂﬁ%@N&@gWﬂ@ﬁg@@ﬁﬁ@”“ Cs,

and the decodi ng process. o exis

non- nor mati ve gui del i ne docunents, conmonly known as
test nodels that describe encoder nechani sns. They
consi der specifically bandwi dth requirenents and data

tr@n%lmissli n yate requirenents. Storage and broadcast
medf '15?d@? by the forner devel opnent incl ude

digital storage nedia such as DVD (digital versatile
disc) and tel evision broadcasting systens such as
di Ghe atesesitisyéntion (edates toDVB-81d of digital videdguobessimge &is particular,

- satellite), cabl e, g, DVB-C digital video
br%ﬁ&’é%??f’% l“)VE%‘PIéSeiatg%H’ %rvﬂ‘g?t §cgfinge 9. DVB-T:
digital video broadcast - terrestrial) platforns.

Ef forts have been concentrated on an optinmal bandw dth
usBgekgronndafithe ihwention DVB- T st andard, where there is
insufficient radio frequency spectrum avail abl e.
However, these storage and broadcast nedia essentially

SUPLER, s 0 N L0 O BB . B Ses s o

behs grabHhgesdtholdyhfor toaiy’s agikd]l aek@isid) bfR@eisting systems. The
years, however, packet-sw tched data comuni cati on

nefogps RE al gerreasvidee coptrsessiom frandaridnbeeas ithrybif sgaamesyntax and
R L BT s s
| gttt Bméal Sbrcw b Rad nfiscds BRIMIN AR bidder mechanisms.
networks are subjected to Iimted end-to-end
They consider specifically bandwidth requirements and data transmission rate
requirements. Storage and broadcast media targeted by the former development
include digital storage media such as DVD (digital versatile disc) and television
broadcasting systems such as digital satellite (e.g. DVB-S: digital video broadcast
- satellite), cable (e.g. DVB-C: digital video broadcast - cable), and terrestrial (e.g.
DVB-T: digital video broadcast - terrestrial) platforms. Efforts have been
concentrated on an optimal bandwidth usage, in particular to DVB-T standard,
where there is insufficient radio frequency spectrum available. However, these
storage and broadcast media essentially guarantee a sufficient end-to-end quality

of service. Consequently, quality of service aspects have only been considered

with minor importance.

In recent years, however, packet-switched data communication networks such as

the Internet have increasingly gained importance for transfer / broadcast of

CONFIRMATION COPY



quality of service in data communi cations conpri sing
essentially packet erasures, packet |osses, and/or bit

wo 20070192 whi ch have to be dealt with to ensupP@I/IB2006/001501
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failure free data comuni cations. In packet-swtched
net wor ks, data packets may be di scarded due to buffer
overflow at internedi ate nodes2 of the network, nay be
| ost due to transm ssion delays, or may be rejected
due éIGUIn m sal | nnen on receiv .
o ordpis St OL ORER o AtaL ideomissbicRsas: dp principl,
E%?J w\tﬁ‘cﬁéh ﬁgtgsdoﬁﬁﬁ@r?l:%l&?ﬁ&%ﬂ%gi@sﬁﬁ ePRd"t8YRSited end-to-end
I'ng transm ssion o 1 gltal guences are
av qudlih|of sendcd he daﬁrd(ﬁimmﬁlcetmhsmnmldm@ iessgntialtye packet erasures,

thereto_ is devel Opltotg IS, anticipated that such
VVI pecrl@s tospes, wBeles bi H\lréadwhwl?rmve %b@ [dgalé th forensure failure free

ge %tra S‘gﬁ“fgg%{lér} y}n %&(%{ %\LVﬁ dEl? éél él%tgﬁ%ggethm be discarded

(Ughy €6 DakfeMobbtRowW at fermdite alodes §f By heforRNehay be lost due to
i nproved 2nd neration public | and nobile netvvorK
sutngmisgem Q%Wb at nBysherai¢ded Nbdie quasngumisalaginaeni)on receiver

ﬁlﬁ GPRS (Ceneral Packet Radio Service) and/or EDCE

Snced Data for GSM Evol ution) capability are

supposed for digital video broadcasting. Neverthel ess,
limted end-to-end quality of service can be al so
emerieem‘red wireledsr eparkst-siaitehatondiatai canironsicagemomksvorks — with
for insta I n accordance with a IEEEé{nnSIltuteo
el GeRsdapleg deie AFABR SO 8oh e BN NG OF R IgH 4 qdiital video

| NS GHhELOBre UL ARBIC QRHURCCALIER SIPbH] GSSsMENIREGRERS thereto is

over wreless circuit swt servic

e. devdlopinge froign ofticiataR4hhyisieh odreless enetwagks nfdﬂMT Sidditional
networks. In this environnment, the videg bit, stream

mapoBtenesisosend:-i9-end quatity of seipe Bsprcially 5. sepsgation public land
égﬁq‘gg‘f{ Irheé& esrhtcgd S r ea{:ﬁglltvgrsgpf\/lo\{nlgepelg&‘i%ﬁﬁﬁﬁ ions System)

e conveyea over

NMeRhd GRPFovadPEY ghef@lonaiubsic 1ked nidlﬁlesﬁ’étﬁforks such as GSM (Global

of sinmplification, but not limted thereto, follow ng

enSysticmefardViabide ngmumgnhcatlons) with GPRS (General Packet Radio Service)
and/or EDGE (Enhanced Data for GSM Evolution) capability are supposed for
digital video broadcasting. Nevertheless, limited end-to-end quality of service can
be also experienced in wireless data communications networks for instance in
accordance with any IEEE (Institute of Electrical & Electronics Engineers) 802.xx

standard.

In addition, video communication services now become available over wireless
circuit switched services, e.g. in the form of 3G.324M video conferencing in
UMTS networks. In this environment, the video bit stream may be exposed to bit

errors and to erasures.

The invention presented is suitable for video encoders generating video bit streams

to be conveyed over all mentioned types of networks. For the sake of



henceforth on the application of error resilient video
coding for the case of packetsw tched erasure prone

we@orrmanile@t i on. Wth reference to present vi deRCT/1B2006/001501
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encodi ng standards enpl oyi ng predictive video
encoding, errors in a conpressed video (bit-) stream
for exanple in the form of erasures (through packet
Ioss or packet discard) or bit errors in coded video

cadmr EgSiishe ' pRE ToPbel PR Iom At Y Eler S eiRoe fooused

t fh%n&’e%ﬂﬂloﬂ&hef ﬁm cﬁ%?ﬁ?@&ﬁéhtﬂﬁ@é&@ocﬁﬁ@‘fd&ﬁé lc¥se of packet-
decoded, errors y propagate and anplify over tinme

arswmchexterasemmusda gomnnmyagapignarti f acts. Thi s neans

that such errors cause substantial deterioration in

the reproduced vi deo sequence. Sonetines, the

d%ﬁﬁ'r@f&&ﬁ&ntd re38niCHdRS Lenehdihg stteﬁﬁfardsh&n?hyé@ﬂg’ @fedictive video
does not recognfze any structurés in are ced

vietleadingger@acein dDecmpx—:Hsse:ehWIeo €bit)i dreasl, tthlaexmnplban the form of

such error p pagati on and are knomns?s err

C SFROBEISEHECHRD| PGkt HPs GhrackvedSFBAl o &bt in med video
t t

OGRS WAL lod L SBRAAE g o p e presie
t matgensti ngleof wimnpltht alecoding ¢ff fames | depesdd onl fages previously

picture sizes, this well-known er resilience
t él@ﬁqaﬁlqﬁiu eeqrgrsn mayawwp‘;eatag f@pp{&ng{ atyne and cause seriously
¢ PSR ot TP R0 VTR BErs KRS dubstantial doterioration in
t hilee ﬁ@ﬁ@di&fed&ﬁ@éiﬁsdqneﬁctbe Sorptindschd dpietiovatiort ivad catastrophic that
damaged, so to allow the encoder to repair only the
aftheebwayvardoss NPHTeSOZRERATYE piruGtises iR @ SoRFofueabEERC sequence.
channel, which in many applications is not avail able.
I'n ot her applications, the round-trip delay is too
| antotier-ahlyomichRiquas g0 Chovithe Que Refor gi6pagatiofCand B known as
affected area (where the loss related artifacts are
viesiop|concerdment hsipgo onitigatsahe am@lemvs@metwhaé hidhess skilled in the

et WO APBRRCH B dpaiier SAPIEeh ool ol et d B since the

C\A'%sgﬁ&i?l ((fi‘ %Bﬁ?% glma%ﬁﬂ 1A M AL pRETRRERs, tHANGEH-known error

res1hence technique is not appropriate for low delay environments such as

conversational video transmission.

Ideally, a decoder would communicate to the encoder areas in the reproduced
picture that are damaged, so to allow the encoder to repair only the affected area.
This, however, requires a feedback channel, which in many applications is not
available. In other applications, the round-trip delay is too long to allow for a good
video experience. Since the affected area (where the loss related artifacts are
visible) normally grows spatially over time due to motion compensation, a long
round trip delay leads to the need of more repair data which, in turn, leads to
higher (average and peak) bandwidth demands. Hence, when round trip delays

become large, feedback-based mechanisms become much less attractive.



become | arge, feedback-based nechani sns becone nuch
| ess attractive. Forward-only repair algorithnms do not
w0 edoy/oor2é eedback nmessages, but instead sel ectPCTEB2206@1501
to be repaired during the node decision process, based
only on knowl edge available locally at the encoder. O
t hese al gorithns, sone nDd|fy‘&he node deci sion
process such to nake the bit stream nore robust, by
pl aci ng nonpredictively (intra) coded regions in the
bit streameven if they are not optimal fromthe

r ai: Srvgérato%§ T gﬁupgagg(%rh snao 91 t\ﬂel Won -Egétﬁ)a%kgﬁ ssa%es but instead

node ‘'deci sion nm 1S como erre

I Nkdlactr @b rsd to |Hé f@&tre&ldﬁiﬁﬂgotﬁéﬁﬁ&e Hb¢isidABhloesds, BAddd only on
which allows an independent node decision is known as

a laewlsdEe exailalile dedadlyras thmmmlét d2f thiegri plgotdighahs, some modify the
macr bI cks for intra COdI

5 n]g E @r ee t| Vetbﬁ c% ZT ]
po S AR EIACES rchoto ke fhe bif stream st, by placing non
Cyfc)fe‘?l%ﬂw% y9 Qifatrky %decﬁ?%qQﬁ@ 11{7§Heab1"t %tx’e%he\(eq ﬁ)th% Gre jot optimal

[ic Intra refresh R) are wel known net ho
us fone xhe naierdisyortibn mdelblptoimt of me&fvr dtis (cﬁ&hﬁ) of tl’nede decision

I ntra coded nacrobl ocks are sel ected rand y fromall
th gﬁﬂé}ﬂ%ﬂ%&&%ﬂ%qnwrs? < oy 85 0T EefEaste En 1BpstYigee godecs, the

Bﬁ st SOiiE R&?H%R)aﬂ'o%“ Smd'eg%rfc%gﬁ rxlﬂgﬁé? gé’&stlgn CHC da8wn as a

a Fof res each macr ra updat
10 at nfacfdblék. pepbathmaduo rseﬂleﬁtgmtiﬁnﬂueﬂimmiobld)laldﬁiﬁﬁ intra coding so to
pattern”. Neither algorithmtakes the picture content
or prasEpbivelys coawat maspibla iagsmispignagiEetsnere knewneay intra refresh
%8 1%el oped by ISOIEC JTC1l/ S&9 to show the
per f te of the MPEG 4 Part 2 standard contains an
al gori thm known as Adaptive Intra refresh (AIR).
Adaptive Intra refresh (AIR) selects those

rra&antbcbmdn@a reiinésb RARY end cy diglatia refreshofCIR) sot wel known methods

15 cot U R et PR St St et RaR SR BERYodta macroblocks

T
! hg%%?&n%c%a%ggﬁ% g‘%ﬁﬁ I53{1/_1':_ Rﬁcﬂoﬁf&ck%g Ble ﬂ%ﬁﬁé aPBE cbded, or from

to show t he perfornmance o
t he finitg- s'EqRemmn‘épnbalres) Nnthc26tlanonathneydichingta refresh (CIR), each
conpl exi ty nacrobl ock
nn;%croblogk is Intra updated at a fixed period, according to a fixed “update
pattern”. Neither algorithm takes the picture content or the bit stream properties

20  into account.

The test model developed by ISO/IEC JTC1/SG29 to show the performance of the
MPEG-4 Part 2 standard contains an algorithm known as Adaptive Intra refresh
(AIR). Adaptive Intra refresh (AIR) selects those macroblocks, which have a
25 largest sum of absolute difference (SAD), calculated between the spatially

corresponding, motion compensated macroblock in the reference picture buffer.

The test model developed by the Joint Video Team (JVT) to show the performance
of the ITU-T Recommendation H.264 contains a high complexity macroblock

30 selection method that places intra macroblocks according to the rate-distortion



sel ection nethod that places intra macrobl ocks
according to the rate-distortioncharacteristics of

weami/onHes obl ock, and it is called Loss Awar e PEL/E2006/001501
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Distortion Optimzation (LA-RDO . Loss Aware Rate
Distortion Optim zation (LA-RDO) al gorithmsinulates a
number of decoders at the encoder and each sinul at ed
decoder independently decodes the macrobl ock at the
given packet |oss rate, For nore accurate results,

S‘Phﬁwféfréﬂicé g‘?:fo?@hsmaﬂ@@%p pyd dt isopallednles Asre iRatq Rlstortion
"BEfiARARN PATYRY 18:PR A8 Rard *1915@)388& 'Sftimization (LA-RDO)

_ Ion ro K'TS “average over_%l _
Shlgbtiging igakeske b Smaibert bf YeeHREAAE tHE BnRbddroAnd Sabls &finulated
for node selection. Loss Aware Rate Distortion

Ghedoder mdepnnc(emﬂymdgseﬂ@rramryb@ickeﬁ thgtven packet loss rate. For

SRR ! Sl ST S pcamen i e
| DAERBRRE N INdd ¢6Mdd Bl'os‘i‘.ufq‘hEoe coildaliisR@iBn of a ﬁagroblock is

potentially |arge nunber of decoders. Another netho

watenagridg bveroaip ltlex sinyulate d kivoodera sinRethisr sverageOdistortibn is used for
per-pi xel Estimate ROPE, ROPE is believed to ite
aBeods asrchcy%f Lo e Rate doiorenn Optewaation (bArBDIO) generally

Lo >y ' o .
(B AR LB R oy DRG0 Bons s
besaplerity toflthe dpcodernplaeasangighificignhs dod t@iskahlatigy &l potentially
Summary of the Invention An object of the present

i lavgavgrsher of desodetevi de a concept, which overcomes the

af orenenti oned drawbacks. In particular, the object of

the present invention is to provide a concept for

| AR6MéE MethbE Wit UsthnesEpRkity i8likabival dsYREAFBHESSFGmal per-pixel
vi deo sequence by the neans of an advantageous codi ng
oEstithate\RQBE. RO nckelidved dovpite agtwtetsle poaslieribe idistortion if the

oPot ST RS Sl e RNy BRI eon paigicaion

Yﬁ.[A(—l@f)Ob,cltOf’Er}ﬁts 0 E&ngﬁéﬁgﬁ%&%é ?Rabdss 'Iﬁélgexé&hxﬂputations on

order “to enhance 't he ser experience for these
t pizeklesél. devi ces, |ightweight (in ternms of conputing
cycl es and nenory demand),

Summary of the Invention

An object of the present invention is to provide a concept, which overcomes the
aforementioned drawbacks. In particular, the object of the present invention is to
provide a concept for improving the robustness of a digitally compressed video
sequence by the means of an advantageous coding of the video sequence.
Moreover, video encoders in battery powered devices, such as mobile phones
preferably with image/video capturing capability, have very strict constraints in
computational complexity. In order to enhance the end user experience for these
types of devices, lightweight (in terms of computing cycles and memory demand),

yet efficient mechanisms in video encoders are required.
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yet efficient mechanisns in video encoders are
requi red. The object is solved by a nethod, a conputer

w@e@goareer oduct, a device, and a system as dePCTiERR00G001501

t he acconpanying clains. According to an aspect of the
present invention, a nmethod for adaptive encodi ng node
sel ection applicable with a ¥i deo encoder is provi ded.
The video encoder is operable with a plurality of
encodi ng nodes for macrobl ock encodi ng of a video

SB@FU @hl@ét isTedvediBpta pethode @dqqmeplﬁerdnrowmcnrpéwn g device, and a
|ca r The vi deo sequence
pr ef egfgfe@ 1?1&ﬁen%%8%%%}8§1§ Ak 1 | mted theret o, for

be| ng transmtted over an error prone communication

network, preferably any packetsw tched and/ or
cheauilingstai arc heechof ther jresdit rigventioxpeanettiodifet adaptnfre encoding

S ReieH i SRty Bh acliiRRERteh BB d Be gid fngncoder is
%5@9 hiie Qgﬂgﬂaﬁ% BP s didd hrdRist B u(ftg t encodlng of a video

erably perforned on the basis of ca I ons
eieqbd:ndeg Tetaelapiivatnadingd ntode sebeption édlaghplitablet 610 the macroblock
val e is selected fromt

A.final encaodin
Jeve aih? yidso @ﬂeeaqeﬂg pﬁﬁgfe@ Yohtensied b %otdﬁnntwethereto, for being

G AV 5 W SR BT R ety ke

afvdtched @indfr @RLAivighed mRERGK! Firk§ eXpEQ6d @ﬁse&twntmues due to
each encodi ng node. A table, ref er enced by the spati al

m%@ntméne@pnw@ ﬁm@iimbﬁl@@k of natcmrran‘t degcyddednges ¢stimated in

(RREhEGELAT 1B BRETE' EiepRline 1 eh ot B SigHitiohR ace proferably

e RANRE- 0\ QRO IRt @alé‘lﬁ‘laﬁﬂf‘i’soehﬁl}mfg Qetehﬁﬁ‘laﬁf)ﬁsﬁnfhe expected
i'nvention, the accunmul ated di stortion val ue, whi

rdistottzomeduesn A fieat aivoding 1904 (i;ai_e&d:tebyfrbtmahe @)h;uahtye«ﬂt‘ encoding
Tpac it FES B OB e! Fesafing Paias. A distorion

%ﬁg@‘sﬂ altfHatdl SoPhéP Bndati ngﬁc?d%fﬁfcﬁﬁt ng AR cHBRE R imeters is
nunmber I ndi cating expecte istortion to

tasansatied svitn easlr @rcoding mpdatle chl:eaqbfetreﬁned&ynme rsphfigiqiosition of
i s encoded. The accunul ated distortion value is

e macraklgcls dn the visiesi ssqesncenis undsfed Withemepegynylated listortion

?\fagﬁ‘é."i‘h%tfﬁ{jal dheddhg hidde Y@hilichBle' B Rl dplodELRoalRie O

According to an embodiment of the present invention, the accumulated distortion
value, which is maintained in the table, is updated by that expected distortion
value, which is associated with the selected final encoding mode. This means that
the accumulated distortion value represenmting an abstract number indicating
expected distortion due to transmission errors is updated each time a macroblock is
encoded. The accumulated distortion value is maintained on the basis of the table.
Preferably, the accumulated distortion value is initially zero. Due to its
functionality, the table may be designated channel distortion table indicating that

the table is provided for maintaining channel distortion values defined above.
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functionality, the table may be desi gnated channel
distortion table indicating that the table is provided

wo 007085126 ai ni ng channel distortion val ues defPeETB2006/001501

above. According to an enbodi nent of the present

i nvention, cost values are determ ned for each

encodi ng node. Each cost val le of a specific encoding

node depends on the distortion value of the specific
encodi ng node and encodi ng paraneters of the specific
drsonling tersaeomidimieniaf thermyesting nveptien] eost ohbies ede determined

Aol s ni¥ B PP e oBRirbRuff shdSdiE e dsdeponds on

Whé BistitBion Rafld dthe :’éﬁ@&h@ Qn&Rﬁ'ﬁ% ﬁfodte%dﬂén%ﬁgini&t aireémeters of the

thereof. In particular, the smallest cost v

spé@abit edcoéding trhedd. iTihel firmh enctiduyg mode. is Aclectedifrgn ttie plurality of
enbodi ment of th pLesent i nventi.on, the plurality of )
&HE Pﬁg’“ﬁﬂ@%ang\?p pdp ot cpRRatisgh of | ther ost sy eash being

. ie i . 3 "] " i .
R I R L
TheshlésocostonhiceisFelecrimdon the finahegcoddig hiodkt ed way, a

first term which describes a distortion due to error
conceal nent, and a second term which describes a

i 4 u [ e s _errpneous transmtted )
ALSORPLID AEubBaPidl oY G hebGaLREHTob: AP EL gpencoding
Nt dodfpridel at Mlebltadd Fint@lP @RE6GAENGoIRIRSIRRIMEL S@fue for the
at least an "Inter" encodlng node.” A distortion val ue

f Grtra™ encodingemoddiod gherouher isregtiofatachfomadistition kerms. The

iS. esti tedfromdistortiqntechrs. Th{esﬂistort'oc{l]l .

(EPRIOROIPT SOMATHCa Th Gt IV ata?, Tiish 4R whichedspribes a
t&icHeaas | fe dy | f n ;

RASRAoREE, e LB S48 4 QoBOIE eSO ks o

tdestertipneltiedus: mevione errsndava msankmited maoobhickck, and a

third distortion term which describes a distortion

due to error propagation. According to an enbodi nent

e PESELADYERAL Bt -h 84108y of ccocin

Qorges icoatprives av leati Hn“nmedrtiencotigy deydcaAl diBtoyadn@alius for “Inter”
obt ai ned froma macrobl ock, which is assuned to be
epeeling thede enpesting ] the mgrgoblogl -is sematednfiemodistagtion terms.

e aRESHLR ulsenfnrs aé@mpﬁi\@, qu a not limiting way, the first term, which
describes a distortion due to error concealment, and the second term, which
describes a distortion due to a previous erroneous transmitted macroblock, and a

third distortion term, which describes a distortion due to error propagation.

According to an embodiment of the present invention, the distortion term
describing the distortion due to error concealment comprises a deviation value.
The deviation value is obtained from a macroblock, which is assumed to be
transmitted erroneously, and a co-located macroblock at a previous frame, which
co-located macroblock is applicable for error concealment intended for application
due to the assumption of the erroneous transmission of the macroblock. The

distortion term describing the distortion due to error concealment comprises
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co-l ocated macrobl ock is applicable for error
conceal nent intended for application due to the

was@amopiieon of the erroneous transm ssion of tPEI/1B2006/001501

macr obl ock. The distortion termdescribing the

di stortion due to error conceal nment
conprisesadditionally a prod%bility value relating to
potentially erroneous transm ssion of the current

macrobl ock. In particular, the deviation value is o
pddisignally errroprkilisn ivriue relatingeor patentially eworequsrieansmission of

a 1SS rdin o] odinent of .the
BIERIMERT BleroPRER oo BalepBl, TR TR Sl g by e
@t sHabilith ealuduelatidgdo RfroMeUsSrREMARIRAUS transmi tted
macr obl ock conprises a distortion value, which has

been estinmated for the previous macrobl ock. The

stimption of th istortjop value of the previouys .

RrcpihnoR Ao pePefinet ph e cGedchriRtnbale Worton term
y y i . .

SRS th Qs bHRAP G201 SYPELL DrARP PRELALY rrlo
hemeriséhen dlistbctidri ovalug| whidfl Hase bperevéstinsatedcfoabkite previous
descr.i bes distorfion resylting froma potenti al .
SacEhlets ThecrSitastor o GRHIPEIOR YU p_g g previgys macroblock is
gbﬁgﬁﬁéd R IRLMALS SR aﬂg/ %ng)ogirﬁérﬁr{)f ?lEe g)lllgsetn? invention and

revious erroneous transnrtted nacrobl'ock conpri ses
asjsticidllgnah | e ebagisobalanl empodiaiene ofefhat methododescribed here. The
otentially erroneous transm ssion of the current
distersion yekie ofrthg previews mecrobleckgiesebes adisteitioe refultingfrom a

L: bl ock i d by th .0babi |t I
PO PRSEAE LRGN bl Bt BB ) B e
aBReMiInE the OflistdiBoR! @&ENb AV 8FontAR HadbMittddoMacroblock
term descri bing the distortion due to error

pomptisest iadditmmatly i 8 eprobabidity hvalve anedatinge tdi potentialin erroneous
al u

| ue. The i ght ed average . di.stort.ion value is.

BosRissin o SEeRt SRt afioni R tionpr. Be dfagion value of the
- ahl Pr eyl r e :

PRATOR) Bicfotibol? B I Wy, Mo Frobablify’ FAIBERRIne 1o crroncous

auesmseidnas references for predicting the macrobl ock.

The distortion termdescribing the distortion due to
error propagation conprises additionally a probability

)&%L:Hl%iﬁgeltgt bA9ehBoRin kN2 OGF Hhe ¥sfent invention, the distortion term

describing the distortion due to error propagation comprises a weighted average

e

distortion value. The weighted average distortion value is determinable from
distortion values of reference macroblocks at a previous frame. The reference
macroblocks are determinable from a motion vector and are used as references for
predicting the macroblock. The distortion term describing the distortion due to
error propagation comprises additionally a probability value relating to a non-
occurrence of potentially erroneous transmission of the current macroblock. In
particular, the distortion term describing the distortion due to error propagation is
rated by the probability value relating to the non-occurrence of potentially
erroneous transmission. It should be noted that the sum of the probability value

relating to potentially erroneous transmission of the current macroblock and the
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of potentially erroneous transm ssion of the current
macr obl ock. In particular, the distortion term

waemcroidizgeg the distortion due to error propagetT/mBR096E001501

rated by the probability value relating to the

non- occurrence of potentiallg erroneous transm ssion.
It should be noted that the Sumof the probability
val ue rel ati ng to potentially erroneous transni ssion

of the curr crobl ock and tthrobablllt val.u ?
mEpRAliigy X RREO e he BB YEmSRt 04 Pytentially - erroneous

g%gngﬁ,g%&% Zglﬂglfrgoqﬁll on is equal to one. According to

e present invention, the weighted
average distortion value is obtained fron1distortion

val ues of the nmacrobl ocks used as references,
dherosdingote A&l @mbo@ﬂ@nﬁmfg%eareéwtmvgmmmamfegveeg-}lted average

t(iﬁ%tp s §0% %ﬁlgt @E&gtﬁﬁeé gf rﬁvcﬁgt%gt?org lvﬁfu%% tdfo v a&%})locks used as

ues are proportiona

%fetraﬁ:egemﬁ&ﬂ dRtdraeh ORll@skae Whightedabe aseightevalaes t@allow for
references for the current nacroblock.” In brief

sibtmming theaversge listagiobyadek theseatt Tha waiglhl vedeesarp arerprtional

distorti \ whi ch. represents an abstract
: Q&r‘é%seﬂiio the B Sncs WaPpLFhec Ehon B R isef G references for the
uglt agfbmggkye indicates the "distortion" and is
ated each tine a macroblock is encoded. Initially,

the accunul ated di stortion value is preferably zero.

When t he macrobhl ock is code I nt encod

URCoTigt CORUPAIY o P Ak BRACF O OVIaPRHTPS ik e GHERBt A orton value,
d th.t d;.d

PR PRt bt MR fEpSRRIA bRl 87 R uecumuiacd

r éiktogdrb viloe irdickaes diesﬁmtdmtl@n” G issepcdatead édch)timé atmheeroblock is
macr obl ock i n question under error prone conditions.
Vimsaded elnitial o ihe ercunaulatsdedistortion welug s PREIGHIDRY ZpE9g dVhen the

é}@%@ﬁfﬁ%ﬁg \cigﬁ'lq«ﬁien#g { " 8 cdod.u[be%@g rtﬂ@%&gﬁﬁl {elasc’iz:(p?tgrt dpn value is

al'?l@f-é%sedThh Sac@bilaféd |v(fiﬂ1 \ﬂ@é léﬁoﬁ@%sﬁ%edl ﬂfSltdiﬁenavalue for “Inter”
distortion termresulting fromerror p gfﬁa gati on.

o¢rtwd1ng3n10d¢ Tlois didtettion” v@m:mﬂen@ the hléd distergion (w01se quality)
t‘P quc,lg%?éclgg él??llgj lqlté%sgll% nglf:g grrgrv [I)I%lfll% C%BS{tllz)%gs\ﬁ}h%ﬁttﬂe macroblock
is coded in “Intra” encoding mode, the distortion is obtained in accordance with
the distortion value for “Intra” encoding mode described above. This distortion
value does not include a distortion term resulting from error propagation. In other
words, for “Inter” encoding, the quality degradation resulting from previous

(perhaps lost) transmissions is accumulated.

According to an embodiment of the present invention, the distortion value for

“Intra encoding” mode is estimated in accordance with following equation:

D, (mi)=p- > (F(ni)-Fn-10)" + p-D,(n=1,i);
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According to an enbodi nent of the present invention,
the distortion value for "Intra encodi ng" node is

wegdo7meiiedl i n accordance with foll owi ng equat i PCT/IEX006/001501

(n,i) =p - (F(n,i)-F(n-U))2+P-Dc(n-1,i);where p is the
packet |oss probability, nis the frame nunber, i is
t he macr obl ock nunber, and Iﬂ@n, i) is the reconstructed
macr obl ock in the case of error free transm ssion.
Accordi ng to an enbodi nent of the present invention,
ttherelpsis dhe paekel dpsgerplrbilityn idp 'thfegrmi mgnbsdéis e macroblock
estimated in accordance with f(i)l | om nhg equati on:
E?P(‘W\?f’ '(npd prC’DZ)C i thngcopﬁtfq%e_ n(xqg(fﬂblp kp{ln g) gase of error free
+p-Dc(n-1,i) ; where (I -p)-D c(nref ,i) is the

PIYS5HE termresulting fromerror propagation, and
D (nrf ,i) is the weighted average channel distortion
of all the macrobl ocks that current macrobl ock uses as
Aafcerding o @t eorhdidingerttoofatheepieselitniaventodn, t the distestdot value for

the cost valu ach en node i.S

i.pvention,. s for di. ng.

dg‘tt@? rfredingme %{S,GSYI’ES]P“Z‘&EWC%‘F@%‘%%@“% ?‘g’élg equation:
quanti zat{epn di storti value i t e mged, which N .
results ?jrvo&ﬁ’lg‘q(ﬁléﬁbiégﬁmﬁ%‘ﬁézé%ﬁﬁﬁség&Fg’éﬁllﬂépdpv(”"l’l)’
t he macrobl gck, a Lagrangi.an paraneter, associated with
wﬂ@r r{iﬁeﬂgh@ & ésngleﬂﬁ EPn%fteHPt@S‘ﬂlé‘ﬂgijig@& f1gQr propagation,
encodi ng the macrobl ock in accordance with the

aRe obli (g, rib d thes wsiahigdiaveragh ghanmel distertipg| qfeall ghe macroblocks
determ ned in_dependence fromthe quantization
dhadcyrrepbmagrableck uspag kEerane- an par aneter, the nunber

of bits, and the distortion value associated with the
encodi ng node. According to an enbodi nent of the

A RSEdIhg It6 VAN em®Bdinide Foht pradene iHRintdRe t1IRNeOH Wlues for each
mode out of the plurality of encoding nodes is o

¢aceding neddé s atetesmdizadc & Whath férobadhwenepdingianodm:a quaiization
(dlistcl)r’tl%n+ va ue( Jist ’deltgrm-{lllerH?ewﬁgc_h) résults from a quantization operation
applicable on the macroblock, a Lagrangian parameter associated with the
encoding mode and number of bits required for encoding the macroblock in
accordance with the encoding mode is provided, and the cost value is determined

in dependence from the quantization distortion value, the Lagrangian parameter,

the number of bits, and the distortion value associated with the encoding mode.

According to an embodiment of the present invention, the cost value for one
encoding mode out of the plurality of encoding modes is determined in accordance
with following equation:

J = Dg(n,0)+ D (1,0)+ A, - RO 5
where Dy(n,i) is a distortion value caused by quantization, Dq(1,i) is the expected
distortion value determined in accordance with the one encoding mode, R is the
number of bits that would be used for encoding the current macroblock, and Apode

is the Lagrangian parameter preferably depending on the one encoding mode.



where D/n, i) is a distortion value caused by
guanti zation, Dc(n, i) is the expected distortion

wQ adoamiddes ermi ned i n accordance with the one ePCDUB20¢5/001501
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node, R is the nunber of bits that woul d be used for
encodi ng the current macrobl ock, and | ode is the
Lagrangi an par aneter preferabﬁy dependi ng on the one
encodi ng node. Accordi ng to anot her aspect of the
present invention, a conputer program product

cOapriEieny anogmrmapeqt of sbuiplsh@nt FRYRNGIONH A vopUer Progieamproduct

code recorded thereon .i.S ProVvi . The program code i
RS i RO pl Rt Ao LR DR S85Faed thereon
apPbro¢RIzHE THE tftograil €68 BNAMGHEId RireIRBLiCe Wnkbdiflg mode selection
plurality of encodi ng nodes for encoding a curreéent

napplishbleckitbfa wideo dmoodarquperabie withea pilutebitys efjeesrcking modes for

preferably intended for bei.ng transnmtted er an .

SFGAIE, G EURER I ICEedh Oft W0 SPRisSealy Wdgo sequence is
fé?&bl?f"‘ﬁr%&ﬂfeq ﬁﬁdé&hé%ﬂ%ﬁﬁ&é@"&%? hid ehet gﬂf)ﬁe cSifnunication

prograni code conprising the video encoder, code

sexttviodn, preferablyi ey i pagkebqyaathed aidddocircoit-swalched ndtieork. The

to potential erroneous transm ssion of the current .

MRTOEEPN 080ds FORWEHIge A Yafeq r?@"%&?focﬁ F§dfotfstion ofes pgtimating
. _ . . . ' ¢

BTG S9hr 0L 5108 B RO U umon

dinatebldkninvédpéadertdtofome @ibdinpanedat arcvde detiddil €or selecting a
which is referenced by the spatial position of the

vilgdoenredinen swdst fromi die plhealiyirafesncodingr sigdes lonj the basis of the

S B BT i s -
eqaadi pesifBl6f frviads Setjuelcd zﬁes?flﬁigﬁ BN EurfEHR TR 8816k is arranged,

According to an enbodi nent of present invention,

t heysletadnwitht adacivetudated disterionevalee, andat eaddyectioatfor applying
expected distortion. val ue, ich is assogjated with
B T ndachie Todd Tor hsiiing e Gre SRS RELRL " hat ¢ he
accunul ated distortion val ue representing an abstract

nunber indicating expected distortion due to

t Aasadirgsioom embodinérs ofpthia padestcinkentiore the raamollhedidistortion

is encoded. The accunul ated_ distortion value is .
nealpe as medatsf Wyhtha gxpected disiartionpyadue, pyich igmssociatpd with the

as%%% ?ﬁﬁfj eg&rc’({lﬁ)é tnllc?cﬂ: \'ﬁllisu ﬁlei S itﬁ‘e.ltttjhé‘lelc}fulﬁﬁfa?ed distortion value

representing an abstract number indicating expected distortion due to transmission
errors is updated each time a macroblock is encoded. The accumulated distortion
value is maintained on the basis of the table. Preferably, the accumulated distortion

value is initially zero.

According to an embodiment of the present invention, a code section for
determining a cost value for each encoding mode on the basis of the distortion
values and encoding parameters is additionally provided. The code section for
selecting is arranged to select a final encoding mode from the plurality of encoding

modes on the basis of a comparison of the cost values.



According to an enbodi nent of the present invention, a
code section for determning a cost value for each

wer@onisige node on the basis of the distortion REI/IB2906/001501
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and encodi ng paraneters is additionally provided. The
code section for selecting isi arranged to select a
final encoding node fromthe Eﬁl urality of encoding
nodes on the basis of a conparison of the cost

val ues_Accordi ng tQ an epbhodi nent of the present . .

| AAFERRIB © PRETEPRFEORE §E 41 BriSeR: RYCHTLShE AlpFHiSk et encoding
a R . e .
Sind el LS EACOPAG TG g5 £ EUL ARl fr, omacin o
ofiistdréion watenfor fimes alolde ekcddingnod itst @nténd mdcesbisclk Som distortion
provided. The distortion terns conprise a term

d&as pinsgvided bhe fistprtior tersseromenriseoh st Aesetibingadiatortion due
t 1.0 i stortio . {0y V] err onequs

| B BB o I DR AR RS ronens

t hanghRedhadrovieoki on, the plurality of encodi ng nodes
conprises at |east Inter encoding node. A code section

for estimating a distortion value for Intra node

g SRR P AR A e—

t g{ddled Q:%ﬁ{éirﬁiai‘ At ot ekt SRclife ARl 0Tco§OREGRTTEM estimating a

the termdescribing distortion due to a previous
e distortion vatuedios fntrd e dewocadihg ok theanaremt threacnoblock from distortion

describing distortion due to error propagation. . . .
AE"EH}S;JITP 'rmgwgi'eén%ﬁ@éﬁi)lﬁ%ﬁt tegps FH@P&%@% Uit tﬁr%\/é@ﬁppbﬁl,g distortion
t Be oS ERLE | YhctAhiThe MHeC Iﬂerﬂlestfegérpfﬁﬁ%t %i@to?ﬁ 1 Odide ?(F a_previous
due to error conceal rrent, conprises evi ati on val ue,

whiroheds twdhisaiitied rhacpobloble and a aedm esdribihg clistaftbnadue to error
co-l ocated macrobl ock at a previous frame. The

cBrIR3EaHYH macrobl ock at a previous frane is intended

for application in case of required error conceal nment

due to erroneous transm ssion of the current

MRACCORKAE ko arl RenHbdshent oOfhetRESBNE MRS A SRR, which
a probability value relating to erroneous transm ssion

oflesonibes uhe enstoriiwnr did o lerroAcooceklmgnt, ccompréseh adidendation value,
O]:Nhticqleisp(gbe[gﬁlga f.ronmV %ﬂeta icgrr}éntt Ilglgcr%iblsgcﬁrz}nidoz? C(t)ﬁ(r)crgteMa%poblock ata
previous frame. The co-located macroblock at a previous frame is intended for
application in case of required error concealment due to erroneous transmission of
the current macroblock. The distortion term comprises additionally a probability

value relating to erroneous transmission of the current macroblock.

According to an embodiment of the present invention, the distortion term, which
describes the distortion due to previous erroneous transmitted macroblock,
comprises a distortion value, which is estimated for a macroblock at a previous
frame, which has been potentially transmitted erroneously, and a probability value

relating to erroneous transmission of the current macroblock.



descri bes the distortion due to previous erroneous
transm tted nmacrobl ock, conprises a distortion val ue,

wabdoci13186 esti mated for a nmacrobl ock at a prevPOIEB2006/001501
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frame, which has been potentially transmtted
erroneously, and a probabili y value relating to
erroneous transm ssion of the’current

macr obl ock. According to an enbodi nent of the present
inventjion, the distortion term which describes the

dfSSEdnEHP amEmbeduneR ol e Pagsent awen@a:aspﬂmschgtoalon term, which
“ﬁé&ﬁ%@@gﬁ’%’ s?c?'ﬁog'cﬁlteolr L9 gﬁ)lpggatmw o%ﬂfrggé % weighted average

aver age I'on value'is M Nabi rom

distoatibn ovnlyvel Tes wighrteswies MRE6RIN0GKIScals determinable from
previous frame. The reference nmacrobl ocks are used as

r gistortipe el lamdom@fémpﬁam@olphoshs at moprec’rtpuSeﬁ‘ame The reference
timation, JThe di |ont

d,f tjon e
BB PRy’ PR, T BB, BRR ot ERepmn e g pofotion vector
C6RIred Sora bt drOSB M AtioA. The *&ﬁl%lltl'oh%el‘fﬁhH&rfb%%‘%HerkﬂstBﬁlon due
a nonoccurrence of erroneous transm ssion of

clor emont pregegativdockmpAsssordiiitignally 2 prababilily vahte wlatingeto a non-
present inyention, the we teﬁ aver age dlsto tion
afEr et Bb PP BTG hige JassToblopke

r ef erence macrobl ocks, which distortion values are
wei ght ed by wei ght val ues for averagi ng, which wei ght

vAkomdimy ¢o m‘mpnfbbﬂnnait o tleo @assent ihvitioaf eheneeighted average
n&cr ohl ock which areas are used as references for
rden N@ Uents Qhipipehdram cisentioakvalnscol tienggfergnemmacroblocks,

Qahi istortion
%ue 4]%}1;;(?}% ﬁlggse%?qgﬁteh n%ggeléﬁ%aléégig? ayeraging, which weight
aﬁﬁﬁéﬂﬁﬁ@ﬁommbnilc’rb|a@dﬂsﬁﬂﬂ@&t@éﬂeﬁé\s mikroblbdis, Which areas are used
(F(n,i)-F(n-1,i))2+p-Dc(n-1,i); where p is t he packet
| grefopresspr prefictingithe ewaertraansoblogker, | is the
macr obl ock nunber, and F(n,i) is the reconstructed
macrobl ock in the case of error free transm ssion.

Aseesrdinotd %naé}n%@ﬁféhfr%'ﬁtthc? prédaft @ﬁ@e?ﬁ%h 'tHB’ 8f%d18Bn value for

the distortion value for " nter encodi ng node is
‘§ntmne«zidmg” amdensiestinegated irhadcotdamek mgthefpliatriing equation:

D/ [ )-F(n-1,0 Dc (-
: (n D (nz) pnﬁ(ﬁp(n z)(F((2 Il 0)? g-rjv D(n -{Fz)) (n-1.1)

where p is the packet loss probability, 7 is the frame number, 7 is the macroblock
number, and F(n,i) is the reconstructed macroblock in the case of error free

transmission.

According to an embodiment of the present invention, the distortion value for

“Inter” encoding mode is estimated in accordance with following equation:

D," (mi)=(~p)-D,(ny.))+ p- 2(F (i)~ F(n=1L0) + p- D, (n~1,1);
where (1— p)oﬁc(nn,f,i) is the additional term resulting from error propagation,
and D, (n,,,0) is the weighted average channel distortion of all the macroblocks

that current macroblock uses as reference.



where (I -_p)-Z} (/ ,z) is the additional term
resulting fromerror propagation, and Dc(nref ,) is

wo b@7oeiight ed average channel distortion of alPCT/B2006/001501
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macr obl ocks that current macrobl ock uses as

reference. According to an enbpdi ment of the present

i nvention, the code section for determ ning the cost

val ues for each encodi ng node conprises, for each

encodi ng node, a code section for determning a

quanti zation distortion value resulting froma

0ARBSIdERS 1t8NaP REABSdiRBnERE! the aPleSer@NinvBAtGH! BRNtode section for
macr obl ock, a code section for providing a Lagrangi an
pdetarmineng tesost abkuds frtdach isucedingaiody emoolerisendion ¢atteencoding

of hits required for encodi ng the. current nmcropl ock ..
" Frodc pasceetion £ SHETEREI My HEAOR JREPTEOR GaLe Fesulting from
S§ 'aa?ﬁzeftﬁi'n 5] g&%ﬁl%iaf)i%eorp AR c%/fﬁ%rﬁ' ?néc{t‘gﬁ‘l%@l@,néj E8&Esection for

fro e quanti zat| stortion val ue, e Lagrangi an
ppravidingra, Ligrangianiparanodtedasssciated ovitlh éhedersiodintg mode and number
val ue associated with the encodi ng node. According to .

f ditsorramiRd for envedinge enfuirsiiefacknblogh an @sgprdgag avith the

af
];rgxgzzeo?ill?% ﬁ‘g)g{%d Lig agtg) j QUioPFo t&?ex%iﬂ{r%] 1%11%%’(108{/“ v%{glg 94 'd@gendence

ermn N accor dance w

egoat kN quahtation didtdrtivaCvdine, the flagpmmdtan pwhedicterDille number of
i) is a distortion value caused by quantization, Dc

( hits,iandithe distortiep selvedssnaiated witithe gneedingmadei ned in
accordance with the one encodi ng node, R is the nunber

of bits that would be used for encoding the current

MAGCORIIRE Ko ANAnibFaHRertSoft IR pRIEANEIRALNR! HEEERE value for one
preferably depending on the one encodi ng node

Aceardingade cmhof Herplasthigy vf eficadireg modseistdeitarirémd immgccordance
vi deo Tncoder arranged for adaptive encodi ng node
s&lg‘c"i"'@ﬁ’l‘?%e‘ﬂ)‘f%\ﬂnded. The vi deo encoder is operable

with a plyrahi Q&Q%gggyskggﬁqgges for encoding a

current macrobld seduence. The vi deo

SQARRNELH § iPh RhiGbARNYVAIE EALE A8, 18R Lt ted
over an %rl’rfcl)r prlone co‘?muni cat ?ggq%uet vvoélgo prge??elvr aSbI y expeete
adistq@aiok etalsawdetehrathed nd/ arcoclancal mtiths thiet @reehqodingpmiode AR is the
di stortion estimtor is d f timati

Inumber Iof bits thalt would ble usgcrl E[”(E)Stlrnegn(:?‘:odinogrth(c:':‘szulrrrergt h&re]lgroblock, and Apoge

is the Lagrangian parameter preferably depending on the one encoding mode.

According to another aspect of the present invention, video encoder arranged for
adaptive encoding mode selection is provided. The video encoder is operable with
a plurality of encoding modes for encoding a current macroblock of a video
sequence. The video sequence is preferably intended for being transmitted over an
error prone communication network, preferably any packet-switched and/or
circuit-switched network. A distortion estimator is arranged for estimating
expected distortion values due to potential erroneous transmission of the current
macroblock in dependence of the encoding modes. A decision module is arranged
for selecting a final encoding mode from the plurality of encoding modes on the

basis of the distortion values and encoding parameters. Further, a table is



expected distortion values due to potential erroneous
transm ssion of the current macrobl ock in dependence

woRoorhesiencodi ng nodes. A deci sion nodul e i s aPCHIBPEE/001501
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for selecting a final encoding node fromthe plurality
of encodi ng nodes on the basiss of the distortion

val ues and encodi ng paraneters. Further, a table

i sconprised, which is referenced by the spati al

osition of the currently encoded ,macr.obl ock in the
SM%H% Jeriele i Referanced by g piratialgpogitien of the currently encoded

e [ is 0

SRR, o SuEly o TR SR RNGENRR L accumuiia
edisREiify vahe. diver eideo racodd| io clcranped dotlapplying e final encoding
enbodi ment of the present invention, the accunul ated

dinetle fer ensoding ke currepignewablegkt hat expect ed

di stortion value, which is associated with the

sel ected final encoding node. This neans that the

agessrdimt fRradlbfibetirhéit ofahs! Prdseit S eiidd) ghe Bcahsilaratdistortion
nunber indicating expected distortion due to

t valne s sipilated dryr trag eixpectpdl distortionctales, mehighnia assastiaed with the

SREPE RS SR 6 ) T SRy dpon v

ARHIE b4 bl aib Y &l diating dxplobicd!didtodRnQue to t issi
Accor #ﬁ%gtq?)qg%}en%% [ r?ent of n?hé@pr eser11t0i nver}ltei gnfangmmsmn
casbdrsdalupdhietdarach sina nangedblbok idet@rdeilnThe aecwmslated distortion

val ue for_ each_ encodjng e qn the _basis_of the . .
dvalps is maintgiaed en thyhashe @P ﬁ?gbq%al’rrsf?é% y sthepggumulated distortion
degi.sk.on. is arranged for selecting a final
eﬁ%ggzlsn%uﬁnggg}e%??bmthe plurality of encodi ng nodes on

the basis of a conparison of the cost val ues.

According to an enbodi ment of the present invention,,

t Aecerdingata anyerybodiment oh theryawent évieptipa.et cet cplsylator is arranged

Iptra encodi n de, The distortion esti ot I . .
PRt e Nalued s GRshOROOL T bpeif af g distorton
M4ae£ P Shosting phfEnGuis! $hé dBBiSIdAPMeEaH ef ik tanged for selecting a
di stortion terns describing distortion due to error

cfingle ahorelimg anoda ifistorthe griumlity ©6 cncpdiegi medes omotheobasis of a
transmtted craobl ock. According to an enbodi nent of
tﬁ@nB?ré%oé‘rﬂftH%9%ﬂt"la S-the plurality of encoding

According to an embodiment of the present invention, the plurality of encoding
modes comprises at least Intra encoding mode. The distortion estimator is arranged
for estimating a distortion value for Intra mode encoding of the current
macroblock from distortion terms describing distortion due to error concealment

and distortion due to a previous erroneous transmitted macroblock.

According to an embodiment of the present invention, the plurality of encoding
modes comprises at least Inter encoding mode. The distortion estimator arranged
for estimating a distortion value for Intra mode encoding of the current

macroblock from distortion terms describing distortion due to error concealment,



nodes conprises at |east Inter encodi ng node. The
distortion estimator arranged for estimating a

walr@votiteon val ue for Intra node encodi ng of tPEI/1B2006/001501
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current macrobl ock fromdistortion ternms describing

di stortion due to error conceal nent,distortion due to

a previous erroneous transm { ed macrobl ock and

di stortion due to error propagation. According to an

enbodi ment of the present invention, the distortion

t distarders €pe 6o BgPrerwudicstoneeotarieitted negqreplock and distortion due
C necreal nent aﬁjénpri ses a deviation value obtained from

t R EUHF&RIEHRET obl ock and a co-1ocated macrobl ock at

a previous frame applicable for error conceal nent and

a probability value relating to erroneous transm ssion
oAcedrdingado ot orkbodioreot difnghe @resent nibvditment thef distertion term
presept [ ven.tj[qcl)ﬁ, the distortion }er descr.i bi n% t he

A SEBPIE Mt AEOn A5 QLT FORReRIRCR SHTRRISeS o deviation value
e m S S RE AR AR oAb URed BdchBE 3f provious
t frammemapplecchbier fonemts| gonaatmentpandabi probybilial ualue relating to
relating to erroneous transm ssion of the nmacrobl ock.
AEERHVR GFapemissionafdhe mastobdeck he present invention,

the distortion termdescribing the distortion due to

error propagation conprises a wei ghted average

dAst@dingono vad Usmbediaicit nabliee foredendi isbermtiognihéaldidsition term
of reference macrobl ocks at a previous franme, which
adescribag dhke rdistortéorc ehilcaiel RISVOUAT erabneoUSs r anamittedi oracroblock
vector. Th tditSt ort.ion tt erm escri bi cﬁlh di st.orti.on hich
TIPS AP ORISR LAY Pl AT SinaCiohod & adrryioys frame, whic
Pis QR tally tran@ini@ed é‘ﬂréﬁédﬂgltyt Bndla @%&ﬂﬁzrﬁaﬁf%lﬂfng to erroneous
erroneous transm ssion of fhe macrobl ock. According to
amamsmiesipmeftheahadroblogkesent i nventi on, the wei ghted
average distortion value is obtained fromdistortion

val ues of the reference macrobl ocks. The distortion

V . . o r‘ | .
VR T 8 oy ERuen 0 She HTSNET PSeuAECS) Wortion term
r édseribinpetherdistobi@c dae toferoh ppogaatian ecougeibes a weighted average

distortion value determinable from distortion values of reference macroblocks at a
previous frame, which are used as references and determinable from a motion
vector. The distortion term describing the distortion due to error propagation
comprises additionally a probability value relating to a non-occurrence of

erroneous transmission of the macroblock.

According to an embodiment of the present invention, the weighted average
distortion value is obtained from distortion values of the reference macroblocks.
The distortion values are weighted by weight values for averaging, which weight
values are proportional to areas of the reference macroblocks, which areas are used

as references for predicting the current macroblock.



as references for predicting the current
macr obl ock. Accordi ng to an enbodi nent of the present

w0 poogfotilen, the distortion estimator is arrangkdI/iBa006/001501
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estimating the distortion value for Intra encoding
nodes in accordance wth follow ng equation: OO (n,i)
p - (F(n,i)-F(n-\,1)) 2+p-Dc& -\,1); where p is the
packet | oss probability, nis the frame nunber, i is

t he macrobl ock nunber, and F(n,i; is the recgnstructed

reFeEingcle o epbedeagy ofrtherreient inentipanths; dighogien estimator is
PERE St TRBTR S oRlort AR SE il IR modes i

t fogamoftittoflvdlineedq@itionnt er encodi ng nodes in
accordance with follow ng equation: Df (n,i) =(\-p)-D

c nreni) 4, (n,(F p; D) (AR Y n2tm)be(p-D, (i }-1,imher e (1

-p) - is the additronal termresulting fromerror

pwhpegals the, paaket 10 prablability, # & theeframe ghinddr,avie thgmacroblock
channel distortion of all the macrobl ocks that current
newmbdil ek d¥es) ds thefreremtmictedcmarcibheckt t #re case of error free
enbodi ment of the present invention, the cost

cCHARMIBHON. arranged for determining the cost val ues

for each encoding node is also arranged for, for each

encodi ng node, determ ning a quantization distortion

VAkUSdi2Std h RehbodRfd@ SFURABtiréint MV eAB6h AheQdistortion estimator is
applicable on the current macrobl ock, providing a

Largangedi dor pestimabingr thes sdistorticed welueh fohelnderc eicadingodwdes in
and n‘ijﬁnn‘ger .ﬁ{]filigts reqlltj?iéred for encoding the current

nHEPEATEE R OXO M S R t h t he encodi ng node; and
determ ni &t he gost, walue in d encesfrc he Ry
quant i zatlls‘orgn’dftc, (S_rltq g(’\qfﬁflbjé,p xgﬁgnaér alil{fﬁ gfg})52+p D (n—119);
paranmeter, t nugber . of hits, and the distortion .
DRPEE HSeBuITna- i BrbE i al A oo SgieRgr dsopagation,
an enbodi ment tgf t he present invention, the cost

cilt H-AtenD)i 1§ e rsighgdrayeragetdapnel dglortien eball the masroblocks

for one encodi ng node out of the plurality of encoding
nbgbsurent pacEpRIaF EsetiasHefeBCcewi ng equat i on:

According to an embodiment of the present invention, the cost calculator arranged
for determining the cost values for each encoding mode is also arranged for, for
each encoding mode, determining a quantization distortion value resulting from a
quantization operation applicable on the current macroblock, providing a
Lagrangian parameter associated with the encoding mode and number of bits
required for encoding the current macroblock in accordance with the encoding
mode; and determining the cost value in dependence from the quantization
distortion value, the Lagrangian parameter, the number of bits, and the distortion

value associated with the encoding mode.



J =Ds (n,i) +Dc (n,i) +lmoe -R(-) ; where Din, i) is a
di stortion val ue caused by quantization, Dc (n, i) is

wo b@7expect ed di stortion val ue determ ned i n aPCDIRASIB1501
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with the one encoding node, Ris the nunber of bits

that woul d be used for encoding the current

macr obl ock, and | node is thésLagrangian par anet er

pref erably dependi ng on the one encodi ng node.

According to another aspect of the present inventioq, )
prooedisegnty davembodimeniniethsi presenty ygBtian dife Fostscalculator is

provi ded. e _vi deo,enc ' r dapti :
e o e R0 0 Gl B30 ety QBRI plraty
VA cdiRk Widddstii abéor@MeRalifg folReAAg kquatasicodi ng a

current macrobl ock of a video sequence. The video

sequence J s p(eier Bp(myi)itm,endBd) f or being transnitted

over an error prone conmmuni cation network, preferabl

gs!wlyerp doket)-iswi distretiomnalugreapsadcly fuaizatinealna iy fhe’gxpected
Sstortio I mat.or i d f ' ' .
phion R A7 o ORI b TP 7 i

L ARGH SEHiRNmal wollRl BN or BREGARE AeK clirferGRAROBIBER, and Apode
of t

e encodi ng nodes. A decision nodule is arranged
fiothsEhgahiiag pardmetat prefirablynigpemdag ondhe oneendoding mpge.
of encodi ng nodes on the basis of the distortion
val ues and encodi ng paraneters. Further, a table is

C i i i e . . Co
P T e e e L
upiht ediddo Bnevdeads Wiovide@dTHe stided encodealiserranlged for adaptive
vi deo encoder is arranged for applying thep%i nal

evnsodingg masive seleptiom c bbe dech eneRd<r efft ObsiablspPat 2 plurality of
?%gc%%lgiﬁn o%lgs %E g?}?%cggé rmt:ﬂ%reﬁ{ Epr%bﬁgﬁ%%tvihgk?’ gét?]gligﬁ&. The video

O mal ntal n e accumnu

dée?]{h@ﬁéé: Q8 MRFgblyWihteRddds fopdaigd tansttiatd esypechederror prone
distortion val ue associated with the sel ected final )
ecanohiunizatiod enetWhils prefensbly ray paskeariichadaandor circuit-switched

di stortiqgn val ue representing an tract nu s tort

0 ALk 0 e SRAEREDSE MR TR S e asorion

CLABES du ?ﬁ?&%ia?%r{ebﬁ? tPAnIRESRN @ kthk S@Re&H efhacroblock in

The accunul ated distortion value is maintained on the

baspendeficd dthieadnicoding modes. A decision module is arranged for selecting a
final encoding mode from the plurality of encoding modes on the basis of the
distortion values and encoding parameters. Further, a table is comprised, which is
referenced by the spatial position of the macroblock in the video sequence and
which is updated with an accumulated distortion value. The video encoder is

arranged for applying the final encoding mode for encoding the current

macroblock.

According to an embodiment of the present invention, the table is provided to
maintain the accumulated distortion value, which is updated by that expected
distortion value associated with the selected final encoding mode. This means that
the accumulated distortion value representing an abstract number indicating

expected distortion due to transmission errors is updated each time a macroblock is



Preferably, the accunul ated distortion value is
initially zero. According to an enbodi nent of the

wEe@3menizé nventi on, a cost cal cul ator is arranpediB2006/001501
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determ ning a cost value for each encodi ng node on the
basis of the distortion valu and encodi ng
paraneters. The decision nodule is arranged for
selecting a final encoding node fromthe plurality of

encodi nodes on the.basis of a. co I i n of the
OO T RS GPtD R B AL APHBHERSH O fie (P he table.
! ?I\’egé}ab Nih ol ReuRliad bisYorRbn R0 RetiARARSoCONPri Ses

a eas Intra encodl ng node. The distortion estinator

is arranged for estimating a distortion value for
Intra node encoding of the currepnt macrobl ock frﬁ%ﬁ .
r is arranged

dAseRsingoie anepmBodiEaf PhIePreiest BRERERLUEPS Galsh

cenc ; ' rd | d ' : :

" PRSBR TR SRl QU AR uBaE Kh o 4541 PR htorion
t Eusy B5EBhcddINE PhidistelshThpldecigiont modilecs apeinped fndedecting a
conprises at |east Inter encoding node. The distortion,
efinalrenending maedse fromprthe qlvighity 9§ @cediggomoden opafhgebasis of a
for Intra e encodi ng of the current macrobl ock from
dF@PB??$%Hﬁﬁ ¥ RSt @St bi ng distortion due to error

conceal nent, distortion due to a previ ous erroneous

transm tted macrobl ock and distortion due to error .
pAcpagiiig ton an Ancloodiinegt 06 tnprestigdinvertions fthe plurglies ehencoding
invention, the distortion termdesctibi.ng the . .

dfadss f?laﬁrlafffeatﬂaa% Pt oo AR @ﬁ%ﬁf%@&matm is arranged
dyd %E’ﬂil‘ﬂgyiﬂ%l &'egﬁl&ﬁﬁbﬂ edarfiE Ot Bfird WnbEOT AP SICkhe current
and a co-loctated macrobl ock at a previous frane
appkishiddie fibatr dastertionaenne deseeibingadidtaatipn aluabtbl értor concealment
value relating to erroneous transm ssiqgn of the

maed distatiRn dng 6o A ATFHOvDeERcoRD Bansaitieddraqralogkesent

i nvention, the distortion termdescribing the

di stortion due to previous erroneous transmtted

NRGLORISE ke QRRSmBEdEmRnel oS e biedentviavesti@s ttheglwdlifyoof ancoding

macrobl ock at a previous frame, which is potential I%/
ﬁ?@ Eort,lgn (gstimator arranged

t mendssricomptises abrasiubiigr, enseding peddabhe fis
' ?cl)ratels&%a%iggear dsEtion value for Intra mode encoding of the current

macroblock from distortion terms describing distortion due to error concealment,
distortion due to a previous erroneous transmitted macroblock and distortion due

to error propagation.

According to an embodiment of the present invention, the distortion term
describing the distortion due to error concealment comprises a deviation value
obtained from the current macroblock and a co-located macroblock at a previous
frame applicable for error concealment and a probability value relating to

erroneous transmission of the macroblock.

According to an embodiment of the present invention, the distortion term

describing the distortion due to previous erroneous transmitted macroblock
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transm ssion of the macrobl ock. According to an
enbodi nent of the present invention, the distortion

W0 esomotaser i bi ng the distortion due to error PCT/IB2006/001501

propagati on conprises a wei ghted average distortion

val ue determ nable fromdistortion values of reference
macr obl ocks at a previous f#4ne, which are used as

ref erences and deternminable froma notion vector. The
distortion termdescribing the distortion due to error ..
mpagat disontiorpyilue sstimated ifermmiagroRlankas #RTEYioYs {amge which
relating to a non-occurrence of efrr 1SS
bipotenscreBrt Speradn iy 8 PP Y Rl R HetRisibneous
R%ﬁﬁﬁ@&oh%ﬁﬁﬁﬁhﬁgnkaﬁ-“Eighted average distortion
varue'is

obt al ne romdi stortion val ues of the
ref erence macrobl ocks. The distortion val ues are

wei ght ed by wei ght . val ues_for averaging,..whi gh wej
daborsingrte” propabedisiat b tﬁq ggse&? ngil%ﬁ" e?}éen\éégétgmon term
crobl ogks .. whi: s . { d
PGPS B SRR B R R SR P Belgfed average
ahadofRAluctdetémgnablerith disiveiohi \abyestdfaeftirsicsrmaagnblocks at a

estimator is arranged for estimating the dist t%on :
padvieust framentwhick o dispd asogEsencga; & é%tﬂ%l@g{?n Tegy,a motion
be i nplenmented.in accoydanc 4 Ly W q I QR ;
Bectofn iy Gyt Hepdflife s USRIy GRGe Bopseation
Fcﬁﬁltpgi@% efqdisinil’ abpRitdability Ralus tdigtidg aoe anuoheccuirence of
I'S e macr obl ock nunber, and F(n, ) is the
leBoaBsis tratsedssiac pHthleasicrpblocke case of error free
transm ssion. According to an enbodi nent of the
present invention, the distortion estimator is

[ oL €sthi | di t irRBni@h, Uthel Qleidhnédraverage
2%%%@@% %D%%s%%ﬁ%ﬁﬂgs({frﬁgt il)%:s]&gan be i npl ementged in y
ap@oeFthaneAuyiis bbfadiddofibmgdistution oaludk (0f the reference macroblocks.

| -p)-De(nref +P - (Hn,i):F(n-U))2+p-Defn-U) . whers. p .
gThepéi)stqréQI; Nelugaara r(N@nr%ﬁtgf% b %#é‘itu;aﬁ?ﬁﬁ AkiagfEg shich weieht
E‘fr?glﬁe% aé é?(g{’ogti&f?rgal l!?o Q#e%g lof ltl—%a ﬂe?er&n% rgﬂfo%ﬁs,a\ylﬁﬁﬁg&as are used

on o he macr obl ocks
as references for predicting the current macroblock.

According to an embodiment of the present invention, the distortion estimator is
arranged for estimating the distortion value for Intra encoding modes, which

estimation can be implemented in accordance with following equation:

D, (mi)=p- 3. (Fni)—-Fn-10)"+p-D(n-10);
where p is the packet loss probability, 7 is the frame number, i is the macroblock
number, and F(n,i) is the reconstructed macroblock in the case of error free

transmission.

According to an embodiment of the present invention, the distortion estimator is
arranged for estimating the distortion value for Inter encoding modes, which

estimation can be implemented in accordance with following equation:
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that current macrobl ock uses as reference. According
to an enbodi nent of the present invention, the cost

w@aalocolaeor arranged for determ ning the cost PEI/IB2806/001501

for each encoding node is also arranged for, for each
encodi ng node, determ ning g _quantization distortion

value resulting froma quant%lzati on operation

appl i cabl e on the current macrobl ock, providing a

Lagrangi an parameter associ ated_with the encoding node

and nunbe.” of,))ki ls Mefuim.ed ¥ pr Y dited) ndg (thd, iDarred?, (n-11);
macr obl ock in accordance with the encodi ng node; and

detiE NI 0i F)ITE B, GPdé th@hdéitionaldepenctsultimef from éier propagation,
quanti zation distortion value, the Lagrangi an

RAUATRLLT ;1) 1ifqhd te@bv&liabs chaiik] digodiont OF 4ll dife macroblocks

r

val ue aé§00|ated with the encoding node. According to
AR Rd FRREoMbCK fis RS esferncé.Nvent i on, the cost
calculator is arranged for determ ning the cost val ue
for one encodi ng node out of the plurality of encoding
npdes i n accor dange

(fhc,:co(gdmg[% nEmbg 1me¥1Vi ; thfﬁ(()pl_r%s%\rl\lat ﬁgﬁ@&%}th? rc]::?stﬁcgltc&l%stor arranged

?ﬂﬁ)f' tdg{e'hlnﬂﬂn% qgé' QoSiePiess RY ARRhEGRhE ModdDs 4150 atrhnp& for, for

e expecte Istortion value deternmned in accordance
véaich ehbediapeneds aldtepmimnge, quRntizatidredistortien vatuehieswlting from a
that woul d be used for, encodi ng the current -
MG Bk OE?ﬁGFl(PT}m%I&’hiCébth@nLg]@? 2T pRckhleds providing a
%ef LAY, aggrggf%?'aggoc‘?ﬁe& NG e ee'ﬁ%B&ii'nggm%geand number of bits
WM ng RO ARGT Her aspect of the preSent I nvention,

AregiiRb® ToLRAbddiNG the @ptrere neoesdbdky inadeordeh@c withnthe encoding
operable with a video encoder is provided. The video . .
emodete and sdpaniablge the taesk viglugr a1 | dopendenssc Bamn gherpyestization

for encodi rrent. macrobl ock, of a.yij . Seque . :
gL, DAt ARl SRERRURS bt I B SR Sisonton

LY ARS BsbEREONRR tidlefloldffg Mb@AEe communi cation network,

preferably anypacket-sw tched and/or circuit-swtched

network. A distortion estimator is arranged for

estimati ng expected. di stogtion val ues due t otential .

ePFet, B\Es%‘? raé]n§H%tb§’g}n6‘ﬁ“p? e pE?F‘FPE: i @Pogbgccl?sf ﬁaﬁulator 18

ASREIAANEE derhiin £ ARODsNYaIlR #6Sone encoding mode out of the plurality
of encoding modes in accordance with following equation:

J = Dyg(n,i)+ Dg (m,0) + Ao RO 3

where Dy(n,i) is a distortion value caused by quantization, D¢(,7) is the expected
distortion value determined in accordance with the one encoding mode, R is the
number of bits that would be used for encoding the current macroblock, and Apoge

is the Lagrangian parameter preferably depending on the one encoding mode.

According to another aspect of the present invention, a system enabling adaptive
encoding mode selection operable with a video encoder is provided. The video
encoder is operable with a plurality of encoding modes for encoding a current
macroblock of a video sequence. The video sequence is preferably intended for

being transmitted over an error prone communication network, preferably any
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deci sion nodule is arranged for selecting a final
encodi ng node fromthe plurality of encodi ng nodes on

wo b@7hsdpee of the distortion values and encodi PQI/IB2006/001501

paraneters. Further, a table is conprised, which is
referenced by the spatial position of the macrobl ock

in the video sequence and wch is updated with an

accunul ated di stortion value. The video encoder is

arranged for applying the final encoding node for
oacleiismgtchaé  end/peneirenit pwiichssk nepyeds: d%n listortion estimator is

GPREAT 0, SlrbDReliRR L ROEA A n 5, R roncons
R8st R o off BRP&REdNY ¢h QBI@CWE}QGEl%ildgMCé Bﬁﬁ%eﬁﬁt%‘aﬁr%dmodes, A

T
distortion value, which is associated with

sletisivnedofiuleds apangetl fig seivdéng Tiing] ercodsng midetftven the plurality
TaLed, LoLor on,vel he L gBLesent (00, a1 B85Sk 1cers
t 1.5¢] e . t; [ 1 >

HGEEL SIS AR AP EG A PR JPEEPHAASEn o
meicnédllbole dn othet Videbasjseet dddewhaddl & updetérwith yan advemulated

accunul ated distortion value is initially_ zero, )

Aidoitionnyaloe hhe sidroupraoder &F atrpregd By aanplyingdheifingl egcoding
I i determ ning a cost

\%lg(f&feﬁ? gfﬁ&%gég Eheenﬁug%fn% gf&%g"g’é&g% the basis of the

di stortion val ues and encodi ng parameters. The

deci si on nodule is arranged for selecti na1 a final o
ésodling tendecmbetimene optherpresany imfensinnotierascrpadaied distortion

t he basi. f i.son of. t t I .

50855 S B o AR BRSR LRI Rt i by
te;l?ecﬁéd‘ rddtbitorOlalRBC Qdiidld iR kA RAIS B &ledt8@Tinal encoding
Intra encodi ng node. The distortion estimtor is

anoden Jdds fhrorane shatnthe i acgumublicsht distarbon walugereprasehtimg an abstract

nmode encodi ng of the current macrobl ock from )
SEhsF AN REpertak ATHER GRS B TANSRISHAR PEoBHs gipdated cach

. i . _
N I T T
tthebayiestiiie thiviecPicferablyt the aetwnalatddydistortémc oaluads imititdls zero.

conprises at |least Inter encoding node. The distortion
estimator arranged for estimating a distortion val ue

f&crcolrcﬂ}nrg o gg%%lb%r(]l%%gﬁtn& tﬁé plt‘elggntqﬂ{lérﬁ{gn, a cost calculator is arranged

for determining a cost value for each encoding mode on the basis of the distortion

values and encoding parameters. The decision module is arranged for selecting a
final encoding mode from the plurality of encoding modes on the basis of a

comparison of the cost values.

According to an embodiment of the present invention, the plurality of encoding
modes comprises at least Intra encoding mode. The distortion estimator is arranged
for estimating a distortion value for Intra mode encoding of the current
macroblock from distortion terms describing distortion due to error concealment

and distortion due to a previous erroneous transmitted macroblock.



10

15

20

25

macr obl ock fromdistortion terns describing distortion
due to error conceal nent, distortion due to a previous

we@eoogieaes transnitted macrobl ock and di st ort i PCT/IR2E0G 1501

error propagation. According to another aspect of the
present invention, a nodule, _preferably a controlling
nmodul e i s provided, which i§3arranged for enabling
adapti ve encodi ng node sel ection of a video encoder.
The vi deo encoder is operable with a plur

: : | i f :
é’gg@@ﬂm@ tonsaeembeodiment 0dithg PECSERr Wé(ﬁ{lg%c 8 Imtlﬁlﬂ'c"il%f’f gncoding
vi deog sequ ' e i
AR DS TP Y SRoP SO0, T BLAEOR Mikpatr aanged
FoMasinafhp0R Aeftoveiol, vRluef &sralihlya amypdpaekeaidisg éfchkel current
and/or circuit-switched network. A distortion
esacroipos fiosn distemtigaderns deseribing figtpraemdedg error concealment,

i.stortion values .due to potential._er . .
%:lsé?r’g’rﬁ’ins % HPITHRUL TP Sﬁ@??@gfeglcﬁlg?%%y Xkt L distortion due
Qb oie ﬁ@ﬁggﬁ&g modes. A decision nodule is arranged
for sePe trng a final encoding node fromthe plurality
oflencodigg nodes on the basis of the distortion
val ues and encodi n ar ters. Further, a tab IS
eAfo%ﬁF ing o ARIBRF ASPEEI% BRCBESHY NGt APO%’ﬁ%i prefprably a

. I . : R . )
S PBEFDRREE DI P aRERR AR el encocin
TRedd slédioar stagiidofmcoders The videogerichdevis dperabhe wdidra plurality

t ly the final di de f d
o ek o Gt S TAORGRS S i
CORtr [ d i ]
tvdfieoa(s)%cge?lg%?s’o pge%fgriaﬁjéf fr{t&?«feg df%l? ﬁ’\égﬂ,éTgfﬁfgo ﬁﬁ%\%?tagﬁd%?r prone

|®.=¢))
1

enen er contr

Uonteni¥htd&P neReGHEe hrefddBlyC ahy Yaclkdiewipheatand/orodirduieswitched
vi deo encoder is advantageously controlled by the

aretwddr A odistostide restimatarnisi srrargedefareestineatinge expRfigd glistortion
and conponents,_ of. the video, encoder Leh r Lr .
c‘@g‘ﬂ‘?so ¢ dP B?)@P&?]i SHONSYE  EaRTPEHPP n‘\éP ﬁ%%l uﬁugl%ﬁ{s rﬁ\;\%ﬁerIOCk m
g%ﬁ@e BGTaRE eﬁ&ﬁfiﬁ% I f¥es €A RERIorCABHR! ik @FrahSed for selecting a
adaptedto 1 nstruct the nodul es and conponents of the
viigtd ceneodimgemotle fpemf the npluteditye of cuicadingf mpHes onphe basis of the
vi deo signal as_d ' '
distortion \galues and er?goc 1r|1§? Sgra%lbe?evrg.’ Fdrﬁf’e?,e 5 I;[zllb\ie(::" lisy comprised, which is
referenced by the spatial position of the macroblock in the video sequence and
which is updated with an accumulated distortion value. The module is arranged for
instructing the video encoder to apply the final encoding mode for encoding the

current macroblock.

Preferably, the module as well as controlling module described above may be
connected to, a part of, or implemented in an encoder controller of the video
encoder. Typically, the operation of the video encoder is advantageously
controlled by the encoder controller, which is connected to the modules and
components of the video encoder, which require control for operation. The

controlling module as well as the encoder controller encoder controller is adapted
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According to an enbodi nent of the present invention,
t he accunul ated distortion value, which is stored and

woraionvgined by the table, respectively, is updedEtB20§6/001501

t hat expected distortion value, which is associated

with the selected final encoding node. This neans that

the accurnul ated distortion ¥4l ue representing an

abstract nunber indicating expected distortion due to
transm ssion errors i s updated each tinme a nacrobl oc%

tcs imtwotidbe Moot endhgompanetissebithe videpapueodes to perform the

e s

According to an enbodi ment of the present inventi on a
cost calculator is arranged for determ ning a cos
wakolifigto aacmbedineitngf the geesent inventie,i the @K:cmn@lated distortion

e ST biFs dred Aud BRSAGEY TR SEBaetiA Ry frappdated by that
?ﬁée gLy %1 %nf %ﬁﬁ%t Rhidhl 1 ?gsb&)iteﬁf Wﬁﬁcﬂi‘é{' e diBH €haPBncoding

asl| s a conparison of the cost val ues.

AesR! d1hﬁwnte@ns’:lth&rrb@db¢mmlateﬂ dibertpore salue nepmsmtmg@n abstract
the plurality of encoding nodes conprises at |eas

npmbgr emb@@tmggemted digoraen due ¢9 W@%‘WSW& %tFOIiSslS updated each
) ang?ei&% ﬂ&ke gs% c'aqnchatéie@ 9Tk g%cﬁhﬁflﬁt% th\fﬁlltf%éﬁ Jathe IsthhRtained on

current nacro Ioc

dhSHRIS dOMetS518EP @G DiheGcslirftiatdd distottien valueiyiaitially zero.
conceal ment and di storfion due to a previ ous erroneous

transmtted macrobl ock. According to an enbodi ment of

CAreoRIEado ap embmarm ol BERRsH g abist o PRSP eranged
?ccff b Iﬁfnn%B pgerhe foree%tf:h KRt diflg AndlieSdrPthiel t2RisVe] thie distortion

ntra de encodi ng of the current macr obl ock from
diafiies retmdoerncbdmgspaimetelriaﬂffg: dicstion miashulel weanr@&qdrbr selecting a

ff?r&,iie%:cg&gtg ngél;t .Y eaﬂﬁl.r%l}tgt%ﬁ,%l%eﬂ\&%zn? rgg}& 3 ¢ basis of a
pro a%%fa%@t ré&’% Qﬁgscrl ption of the Draw ngs

& re s of the present invention wll
now be explained with reference to the acconpanying
drawi ngs of which:
According to an embodiment of the present invention, the plurality of encoding
modes comprises at least Intra encoding mode. The distortion estimator is arranged
for estimating a distortion value for Intra mode encoding of the current
macroblock from distortion terms describing distortion due to error concealment

and distortion due to a previous erroneous transmitted macroblock.

According to an embodiment of the present invention, the plurality of encoding
modes comprises at least Inter encoding mode. The distortion estimator arranged
for estimating a distortion value for Intra mode encoding of the current
macroblock from distortion terms describing distortion due to error concealment,

distortion due to a previous erroneous transmitted macroblock and distortion due

to error propagation.
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Fig. 1 shows a block diagramillustrating
schematically a system environnment according to an

weepodisrent of the present invention; Fig. 2 sSPONSB2806/001501

bl ock diagramillustrating schematically a processing
devi ce according to an enbodi nent of the present
invention; Fig. 3 shows a bfock diagramillustrating

schematically a video encoder according to an
enbodi nent of the present invention; Fig. 4 shows a
Blief\Ddsadption iof khesDrawings schematical |y an operati onal
sequence according to an enbodi nent of the present
invention; Fig. 5 shows schematically an estimation of
PrefU A0 RmiflidihBhds! 6 (B G RN Gndeutidon /ADOosiwErs eaplaimd with
present invention; and Fig. 6 shows a block diagram
idfdreate wi the acsahpaming diawingsorfpuhieht s enabl i ng t he
oper ations sequence of Fig. 4 according to an
enbodi nent of the present invention. Detail ed

SGri.pti o uk- . InN tdh&ironment
R T e W R PR
f ol | oyédedidetiaiah @ethbddanentpifitonpresaiténvdantiges her wit h
the drawings. It should be noted that sa and |ike

EigrBoshaws a (hlegkgtéagramn dlusiraling gihsmalicalll cadleesipipp device

the sane reference . .nunher.. .oned, the

descr Fiﬁolr%‘ﬁggf) apcInby %‘?tfefr??%ﬁlge?érggﬁgéﬁt% is focused

tPEg QaQIE@J;’ST §‘M(§&J\ﬁg%ﬁﬁﬁﬁws&atﬁl{g3§&eﬁ@mm & atdedrencbder according
e sake i

of sinplification. But, those skilled in the

art witd in embodimentef tre privscn dzvestion; ¢ he descri pti on
that the inventive concegpt, i.Ss not |imt 0 .
ko o shv PRl doammmiBaTshe Chem ARt bdnstiong) seavence

I s apBL%(ﬁﬁﬁngetota‘i’i AHWodiinBAOSf 1RO PradBhGal éafbn; ncl udi ng
especially rcuit- and/or packet-switched .
TOATRIBhERE isoltemativallp| amcéstiniaipnarh o thaing] distertiopsaceaidéng to an

principle structural conponents of an electronic
devi cembodimep; &fHhe REsSe 1IBYRIHOPaMRY v represent any

lﬁlgdG %f‘lo@g ?ﬁ?l%&'{ Whoram illustrating schematically components enabling the
operations sequence of Fig. 4 according to an embodiment of the present

invention.
Detailed Description

Features and advantages according to the aspects of the invention will become
apparent from the following detailed description, taken together with the drawings.
Tt should be noted that same and like components throughout the drawings are
indicated with the same reference number. As aforementioned, the description of
the embodiments given below is focused on packet-switched erasure prone
communication, for the sake of simplification. But, those skilled in the art will
appreciate on the basis of the description that the inventive concept is not limited

to packet-switched communication, the inventive concept is applicable to any kind



devi ce enployable with the present invention. The
el ectronic device 100 nay be a preferably any fixed or

w@envakdies el ectroni c device. It shoul d be undepP&L/B2A06/001501
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that the present invention is neither limted to the
illustrated el ectronic device 100 nor to any other

specific kind of processing device. The illustrated
el ectronic device 100 is exenplarily carried out as a
cel lul ar conmuni catjon enabl ed user ternlnal In

i t commanicaiing einshidingi ESRESIALe $BBUIS ARHORI gRpcket-syitched

proces sed or mcro-controll er based device

‘@HB?|§?%%8§ central processing unit (CPU) and a

nobi |l e processing unit (MPU) 110, respectively, a data

and anllcatlon storage 120, cellul ar conmunication
bladkcliagram @feﬂgu hrillysieates PriBgipken slyusthradr gogpponents of an

bt S DRl SRR AN PRl DB ocessing

| R &ﬁ?lo&ﬂﬂ%t\ﬂli%‘ Hﬂa%reg’&ﬁ Agventioh UHhé elekitphiealdvicealodl @ay be a
i nput/ ou /O means 140 (typically m crophone and

| raftspes Iaﬁy)ﬁxddetyqqortabjmddctmidst dﬁVlIzeyIkt) showldlietundersjood that the

Idgﬁ;ﬂ%né ﬁﬁglﬁl(%glg{r)e t%’b hgteg g 3’%: }l?wgt‘lageﬁileélécta%lg ddev1c% 9 nor to
( Fétfl%c%egt‘fcﬁh &%Qpr Rtz genesal data interface

ctroni c device 100
conprises a video encoder nodul e 200, which is capable
for encodi n ﬁlconpre33|ng vi deqQ input signals to obta

Bl ri busieated)iedpatramis idgaise s YL dh 8Pk HY ccagtied| Qf as a'cellular
ogllé%gng:ﬁg&és gﬁl)ed eﬁ?&ﬁ{n‘f‘%{] %&t&cﬂlaqnﬁleoéle@&ﬁcvdeQ% 100 is

eC|aI y opera nmage captur

”&ﬂ%(ﬁe@%@ RIretehisogbddedesr higretconiu@let Sbas@i’ldlealc\él @t&ﬁ)prlsmg a
decoder nodul e 210 enabl ed for encodi ng conpressed

déegitiah| procdsmgs etquén(&éﬁJ)( atnd e gaoballes @rmegwm unit (MPU) 110,

pi ctures) in.acco e

CisaRtaal gRRcHIG APaehh itals don bt} EBhpypicagion means

Cf?}%h{cﬁ’ﬁ%@&hﬁé& faldfo ﬁ'@@ﬁérfé ﬁéﬁﬁ@esﬁ}'mgl 70Nvith (rQHU)frdquency antenna
rocessing unit 110 typically on the

b@sitlsnea) and opebsatibeg Klysmﬁxmtlon mazdlde cMol 1|60n guser interface

l'ication, which c ntrols t nctlo f eat S
R GELF GRERRY Jhel e DNERDs LD debi it (T means 140

Et{q?lc!llrl]}g nIuQFdﬂ'hoﬂé 434 lhﬁdspeaker), keys, keypad and/or keyboard with key
input controller (Ctrl) 130 and a display with display controller (Ctrl) 150, a (local)
wireless data interface (I/F) 180, and a general data interface (I/F) 185. Further, the
electronic device 100 comprises a video encoder module 200, which is capable for
encoding/compressing video input signals to obtain compressed digital video
sequences (and e.g. also digital pictures) in accordance with one or more video
codecs and especially operable with an image capturing module 220 providing
video input signals, and a video decoder module 210 enabled for encoding
compressed digital video sequences (and e.g. also digital pictures) in accordance

with one or more video codecs.
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the user thereof. The display and display controller
(Ctrl) 150 are typically controlled by the processing

waeior/o(TR) MPU) 110 and provi des information fPCT/1B2606/001501

user including especially a (graphical) user interface
(U) allowi ng the user to make use of the functions,
features and functionality o the electronic device

100. The keypad and keypad controller (Ctrl) 130 are

provi ded to enable the user inputting inforpmation. The .
Tié operatiomof ithp electronictdericeel(9alg GoatroBad @ﬁttﬁgﬁsmr@l processing

wbgeelh b et prasriryi PR, 110 Bpicdll diCibe basis,of an
%&éﬁ%??ﬁ%&o% Bdsik oREAERAGRicatibh, Wheh d@iitols the functions,

e audi o i nput/out put (I/O% means 140
feaflregiesd dindtmatityao fheadlectrdnie dewise dddchn giigrng theip usage to

%Sﬂ%oégg@%ngm‘gzﬁfs% R -fﬁgggc%i 0 ll%gn(t%tfrg} 9 531 4RPkypically
ion f
SRS P, (e s ot i i

whei®r iiludinstespesaltihe (auaghialjatsar aeréace @) albwvéng the user to
format for transm ssion and storin i 0 Si

_ . _ .ng.. The au ig!?ial' 100

oo awss job tho fungtighs. dfeatsasi andt Yngliaditg Pgﬂ%ﬂ eeiheip cdggtce 100
' ti | | by..di. gi 1 O-

e

ﬁlﬁﬁm@t)?gs ligfophaBiofll Tht ahferh@fish Bperessdie BFRd imtonventionally
shiown)~ The el ectronic device 100 accordjng to

spslicdi oy érbhelipadneontiolles {Cabele tha prpepssing) Wt (GRYNRE) 110,
Ilular ipterf 1fF), 170 led. t di -
igfuonay Bt BRRcetorndRBy R ET dn o fedo i the input

i Be TR @bl i The ker f
S Lo RO it s e £

tE@odeehyan duwdic sipahl endsh gristaphbnofet teeording anaudio signal. The
ant enna, decodes the sjgnals, denopdul ates t

avacssriauS (CROAPD): HO B8 SOBERG T EEOR ). AR data to audio
&%ﬁlﬁltsfé{agsln}}nei ’Irlllt%gcr (Lisfon V\#rzglﬁﬂi gl:f)‘\lllg SnhRMin@ audio data, where for

ace, Sin conj unction

Whdthndeh@eStiliss idaehaved® Rbitible foimat foodrAnemiSicy andetoring. The
for cellular conmunications with a correspo gi n

sindid oignaBIyonutrsion adi distek @ydion e vBIdO (
pc%?llvlar%icln%ﬂgf srlrltf))?)lcnl'tgd rﬂ)(}e,t &\@{tgl-&PMg and analog-to-digital circuitry e.g.

%b ase .
vicé versa is
a

implemented on the basis of a digital signal processor (DSP, not shown).

The electronic device 100 according to a specific embodiment illustrated in Fig. 1
includes the cellular interface (I/F) 170 coupled to the radio frequency antenna
(not shown) and is operable with the subscriber identification module (SIM) 160.
The cellular interface (I/F) 170 is arranged as a cellular transceiver to receive
signals from the cellular antenna, decodes the signals, demodulates them and also
reduces them to the base band frequency. The cellular interface (I/F) 170 provides
for an over-the-air interface, which serves in conjunction with the subscriber

identification module (SIM) 160 for cellular communications with a corresponding
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The output of the cellular interface (1/F) 170 thus
consists of a streamof data that nmay require further

w@e@cesdeag by the processing unit (CPU MPU) 1ROT/1BRO&/001501

cellular interface (I/F) 170 arranged as a cellul ar
transceiver is also adapted,.to receive data fromthe
processing unit (CPU MPU) 1% which is to be
transmitted via the over-the-air interface to the base

station (BS) of the radi o access ne I RA . .
prer SEHPB, 008 & Tadia AP G R ok (@%yf%ﬂ Qﬁ%&é&?d mobile
up converts the data enbodying signals
ﬁ#}%ﬁt@gwﬁfrequency, which is to be used for
over-the-air transm ssions. The antenna (not shown) of

the electronic device 100 then transmts th resultlfnég
Tadicvtputefubn ellwlpg erdaced 1N d 70 hpe spsvls G 2i5igam of data that

B Rl LB BRI o .

'c@lthﬁﬁf‘ ae@riabd CVF )'LZQOFH ?é@lhls)/a selbgler tianscezved is also adapted to
generation digital cellullar network such as GSM

memmaatm tind prociasing wniCERUAMEAD Urﬂs)vmm éntonkgy traygsmitted

Sicsbe, eyprahe Sl TS O SRR, S1E] ORY) SUMPgicto ARk hetvonk

g NS”)Ie e P01 h8 Jéth g&om&aﬂyﬁnﬁﬁ&kﬁﬂ% 1BO&18s and up

ar or related standard for cellular tel ephony
%bﬁﬂéi‘&sf the deheembodling sigdalsdo ithe mdicafreqydnc) whigh is ¢o be used for

deplcted exenplarily and shoul d be un e ood as . .
oBBF- ot (gSBHBIone. RBF AnRG BesSheg r??%cﬁoal&?eé?vwe 100

r a Sgan -
e CtalRAR SoP RLOER ool thiorRl SBaft J?atrh%. SLpgugne bose
(steltfoh (3753 JfiTRd RO heckss Retwiek Qmmb) aff the @ublit lamd mobile network
devi ce 100. A large nunber of w rel ess network

(BEMN).CEbé snilelennbisridse 4VE) tlaaa@;eﬁmblvmp@ortm 2nd generation

nce he el.ect devi c nc ong..or
,{ﬂglia wi FEiulds H%Tt%t; uﬁ?er%acé@ e@%ﬂl)éﬁlg fsﬁagm for® Mobile

FEGARIANGEOHA) RvIREY ﬁl%EEOeS%aBPédecﬁn@}m{B (@enkial Packet Radio
stan ard, any Bl uetoot’h standard 0 .1, 1.2, 2.0

Sryics) ghbler (FRGEvinbbuesl PorefnaliShi Sxohdtams KMTS (Universal

ANS ) f d Daga A I RDA t
T e oS AR SR i P hE standard for
Vielie aﬁaegg(;@ g cation standards such as UVB

The wireless data interface (I/F) 180 is depicted exemplarily and should be
understood as representing one or more wireless network interfaces, which may be
provided in addition to or as an alternative of the above described cellular interface
(I/F) 170 implemented in the exemplary electronic device 100. A large number of
wireless network communication standards are today available. For instance, the
electronic device 100 may include one or more wireless network interfaces
operating in accordance with any IEEE 802.xx standard, Wi-Fi standard, any
Bluetooth standard (1.0, 1.1, 1.2, 2.0 ER), ZigBee (for wireless personal area
networks (WPANS)), infra-red Data Access (IRDA), any other currently available
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(Utra-Wdeband). Mreover, the general data interface
(I/F) 185 is depicted exenplarily and shoul d be

wap@enstiood as representing one or nore data i PCEIB200@®1501

including in particular network interfaces inplenented
in the exenplary electronic device 100. Such a network
interface may support w re-based networks such as

Et hernet LAN (Local Area Network), PSTN (Public

Swi t ched Tel ephone Networ k L (D git.al

\ ! )., DS Suascri belr
stamdsyrds amdiov enyp fware Bireleshdatn AuEBRiation shgfgds such as UWB
ndar. ds. e general data interface (I/F) 185 may
@ﬁ@@%@%@gﬂt any data interface including any
proprietary serial/parallel interface, a universal

serial bus (USB) interface, a Firewire interface,.
WVaceoved; thy gemerad\datac@reriagg AI/Y) 382 43 depigins etegplarily and should

tandard),. a .b interf ' ' . .
P B FRER e O 8 Bl RS 9p AR in paricuter
%%Wo‘i’k %&‘ﬁtce@ixﬁ%&%@dt M adepipldryl ElkGkbiEie RlevieeSIDO0. Such a

ecurebata) card interface and the |ike. The
aemek émegfa_em dlagmdlp}aeﬂ witd-batedatetaioils sbick as EtherpetleAN (Local
i nt eqr at in_t i.c._devi .
e ot el P8 ity SRl LB MR B8 i
0

ShEFEBh o) 8 oBF SubHRARAREE ACHIC, 8 RaRls. ThE genera
BAACRB&IAG (IF) 186PWalyPilo freprésag anys ydatenenfage dhélpding any
(SoC). Such systemon a chip (SoC) jntegrates .
proagirsiaty| gerial patqi%dn’@ﬁfage,ofi. Wiy sl serals Pus did §B) dntgrface, a

ingl.e chip. A SoC ont ag i O load, .
FRhS, Sl SRGRY o B D Bkl ao anabont e sandar), a
Yy C Bhis apidrEaRl ifludifig | AT gA@varebdebetdadoky Attachment
systefs and portable systems, which are constricted
Padatti Bitesface) spuformndupowne MEHMiwtiMardiews r mtefage, a SD

verthel ess,..it shoul d.be.noted that SoC design is
2§?CUF? tlaf)saar{ldngea%ﬁe 'ngg{fgg "or portable systembut is
al so applied for inplementing fixed systems. Such a
typi cal SoC consists of a nunber of integrated

aihec ubpondias amer froxdmedi fifustrated ina¥is. 1 Tey ebqriytegrated in the

i ncl ude one or_ nore conponents. . o
electronic device 100 as sepanglte, individual modules, or in any combination

thereof. Preferably, one or more components and modules of the electronic device
100 may be integrated with the processing unit (CPU/MPU) forming a system on a
chip (SoC). Such system on a chip (SoC) integrates preferably all components of a
computer system into a single chip. A SoC may contain digital, analog, mixed-
signal, and also often radio-frequency functions. A typical application is in the area
of embedded systems and portable systems, which are constricted especially to size
and power consumption constraints. Nevertheless, it should be noted that SoC
design is not limited to such embedded or portable system but is also applied for
implementing fixed systems. Such a typical SoC consists of a number of integrated
circuits that perform different tasks. These may include one or more components
comprising microprocessor (CPU/MPU), memory (RAM: random access memory,

ROM: read-only memory), one or more UARTS (universal asynchronous receiver-
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conpri sing m croprocessor (CPU MPU), nenory (RAM

random access nenory, ROM read-only nenory), one or
WOorRNg/03ABRTs (uni versal asynchronous PCT/IB2006/001501

receivertransmtter), one or nore

serial/parallel/network ports, DVA (direct nenory

access) controller chips, @9 (graphic processing

unit), DSP (digital signal processor) etc. The recent

i mprovenents in sem conductor technol ogy have al | owed

MnShittaRer ynkasg eadie asezial/pariekindtonyk i partsg ey (direct memory

circuits to grow in | exjty, maki.ng it..p Lbl e . :

4CRESSY r androdler %oﬁgmg@i’h’& DUEESHP D ﬁég# e{dg%lliag. signal

The vjdeq. e ' j uétdiechigloly have

%rf’g?-?\é{"%aﬁtcf' 2?1@% SC%‘ﬁd?‘g?‘tBa S%%eg@gsggﬁgor@e t her eof , by .

Myvid canSbe Vel aege-Scaashidgraion)i itegrptedlatcircuits to grow in

communi cations interface, and/or reproduced_.by the . ol

crraplexity, mpkingiitipessifde de dreerats, alk RRMPPREYS gf 2cHEFT i sugle

i.S operable with any video codecs. The video input

$MBnal may be provided by the irmge capturing modul e

220 of the electronic device 100. The image capturing

modul e 220 may be i npl enented or detachably copnected digital
The videostreotenisi adagttod toaeqaive 2Aideq npst pignal,and encode a digita

Hker PBRFOBE! TR b Pier G OV, SHRfE i any. data

erence

g%}ﬁuﬂi&ﬁogg VSRrhOL £ldRr rEPRduBERD By AR tkkans dfrthdulideo decoder

I's preferably a sensor for recording i nages. . )
Ty@i Tiad idesuatvoder 20 ge opapblerwitly angdiddeo godecs. The video input
consisting of an integrated circuilt (IC) comnaini :
sienaly s Pe Redeg b Sirp it sagpeoretu et B8 dfbonic

ont L 9byoofrnas inG i GdHlE 226364y BERAGIdnYNt&BBr detachably
fcl?‘élﬁ%gép’ ?qu%ﬁé%?? chg gﬁ(g&euto oneiyor ot Eer of its .
RS RAUoSthe Sliekrohitt gt HO. Ainr itlukstratiening! einagtation of the video
array of linked, or_coupl ed,_ca%qaqcitors i.s3 I knowq1 1d be
bpcaden 280 skilll heedescribed belgpt With TelREGE 10 i) b RefRrvneeshon
%CCD)th her i mage capturing technol ogi es may be al so

SEH. DT vi deo decoder 210 is adapted to receive a

digitally encoded/ conpressed vi deo sequence,
preferably divided into a plurality of vide? data .. .
Thekhaper empiming module A0 1s preferably a sensor for recording images.

Typically such an image capturing module 200 consisting of an integrated circuit
(IC) containing an array of linked, or coupled, capacitors. Under the control of an
external circuit, each capacitor can transfer its electric charge to one or other of its
neighbours. Such integrated circuit containing an array of linked, or coupled,
capacitors is well known by those skilled in the art as charge-coupled device

(CCD). Other image capturing technologies may be also used.

The video decoder 210 is adapted to receive a digitally encoded/compressed video
sequence, preferably divided into a plurality of video data packets received via the
cellular interface 170, the wireless interface (I/F) 180, any other data interface of
the electronic device 100 over a packet-based data communication network or

from a data storage connected to the electronic device 100. The video decoder 210
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cellular interface 170, the wireless interface (I/F)
180, any other data interface of the el ectronic device

wa®7ovEes a packet - based data comruni cati on neP@DIBRO@T001501

froma data storage connected to the el ectronic device
100. The video decoder 210is operable with any video
codecs. The video data pac@éts are decoded by the

vi deo decoder and preferably outputted to be displayed
via the display controller _and_di sgl ay 1%0 to a usgr by th
iofopthableehwitht ampn videdecddees.1Bae Visloadata paskels qifelecoded by the

AR T s ] 5

I"nvent i on.

lht i ' e HRYIr6EE d¥Ricel 100. Dittaipesisanahe function
a%ldgﬂﬁ%ﬂ;?}; ellégitgtag%teg%?PDAs) , rhand- hel d conputers,

andt iefnekentation odlthe ideratacogroids arecet| of the spapmet e prosent
inproved conputational and storage capacity all ow ng
1eenttody ryi ng out one or nore sophisticated and conpl ex
applications), which devices are equi pped with one or

nore network interfaces enabling typically data

NhE@hheNS l@foniaclesices wintiy hiadludat pensenalodigital pywstants
1‘mpl ement ati on of such typical mcro. processor ba
@DA e band:held compiFtesss g@éggq)lfﬁg smﬂa[lp%magt eg R{;‘ilﬁﬁar phone
I nel.udi ng .encodi |t ' : i o WG & ‘ or
Wi e el Copmpuren 1 HBHsR ARG RN e 8 ariut one
B s<§ﬂ}ﬁst95a?&ie£‘ﬁd icBPIK Spplications), ihidlt ddvices areyequipped with
speci fic el ectronic processing-enabl ed device, which
6180 ot Sentes neevaky interfaqes seriabling pypicaly daje espappagications over

Cetersiont i PR LAL BB e i, m

be undenstopdihat dhshienienblovssshfphaaittimedlaat ettt janluding
B attagecus | npl enentation of a video encoder 200,

whd gdinc anlthaediapbaratytie svetlrkramn wrtbe @sfsi ng- enabl ed
devi ce including an el ectronic device as descri bed
above, a personal conmputer (PC), a consuner electronic

FEle JSHLG S T Rekid B Endd i prafehhinivehigee R gottlemited to
f{%_&e gqﬁg(ﬁ I%Q%rr%ﬁa‘ﬁr@ atp%gér:%&met ter-network-receiver

g.ﬁ§ %?g@lﬁﬁ Ndledtforlit g#&édsﬁhgénbbleﬂ hievieeanghioh raptsisegk merely one

lagfam |t shoul d be noted that th% bl.ock . ho ; .

possible processing-enabled device, which is capable for carrying out the inventive
concept of the present invention. It should be understood that the inventive concept
relates to an advantageous implementation of a video encoder 200, which can be
implemented on any processing-enabled device including an electronic device as
described above, a personal computer (PC), a consumer electronic (CE) device, a

server and the like.

With reference to Fig. 2, an exemplary transmitter-network-receiver arrangement
is illustrated by the means of a block diagram. It should be noted that the block
diagram includes modules and/or functions on transmitter and receiver side,
respectively, which are exemplary shown to illustrate a typical system
environment, within which an embodiment of the present invention is operable.

The implementation on transmitter and receiver side is not complete. On
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di agram i ncl udes nodul es and/or functions on
transmtter and receiver side, respectively, which are
wex@molsee shown to illustrate a typical systerPCT/IB2006/001501
envi ronnent, w thin which an enbodi nent of the present
invention is operable. The jnplenentation on
transmitter and receiver site is not conpl et e.
Ontransmtter side, designated al so as server side,
vi deo packets of a digitally encoded/ conpresses vj deg, )
teagmeitoe silee designpigddalsaras SPYED Sifle KBS0 packets pba digitally
transpitted to t.he receiver_si . desi .
arplieantissornuifs sRERE 4] P TRESHE Bodfufhee o e
t%ﬁﬁﬁﬁ%@td’\’cﬂet}e@eiﬁ?@t 446 ABRLRkeAtdlYadeist side5 The whinahission of
I's preferably a packet-switched network. The video L
thackiédcs packdieist ppersbiet wish aodatgi qemmaunieatiom netvgl 500 which is

encoder 200, which receives.a W deg.input,sigpal, a .
mﬁfgg@lglgeg pﬁg(eg-pwgehqcﬁ mg%/wgrﬂ(gn lpe rVég%cr tgaﬁgétjis nﬂ)a be Etlr%nsmltted
&Ji%h&%' Jnge HCRAEs SRIBLESSE dwhide fect R ENGRde iR si@fal and
side, the digitally encoded/ conpressed video sequence |
provedtes gieoviddo inpua sifmbhrdsakimgdBa digitolly encededidosiressed video

via the network interface 255 whjch incl udgs .
fPueRgea iy sg’vg[)pld@umev@yggg]ly &Ghe GATHRIE S5 o\fl&leo sequence may

interf 2586, ' ide. - :
llplegtsga%?(g %i? & gela?[? abccgée ?ég }?ént%%g?l?%ﬁg?g?e‘ﬁg 31'15 %Sﬂfl‘&‘knﬂlterface 255
GRIdhERERAe: Pl fdlhhlyl STUBIP @@be2af datagent prgecbl) mtertaei 256.

the video packets of the digitally encoded/ conpressed
vi deo sequence transmtted by the transmtter/server.

O R 50 5B BAS S BRERLL 25 Ry«

it USRS 266N rfdh8cd 6l @eccas Rt $idas ackets of the
gﬁg%ﬁﬁggfngogﬁe vi deo decoder gio for reproduci ng) t he

digially 2acedidmnipessed didgel segiefoedransmgtt e thedsarisaider/server.
The network 500 is preferab an _erasure ne net .
Sl Rocesv PR PaFRat 1 SR o P BB IS et . Which
f | ' |sdpplied
s jofye AASTRCARo scqfignct: Then BT PEY paciartite Woplic
t o Eidee decadtr 10t for eeprbdticing ¢hel sivegetqeencedoal d digplay) from

the encoder to repair only the affected area. This,
Henadee packetfyi res a f eedback

The network 500 is preferably an erasure prone network such as the Internet or a

public land mobile network (PLMN).

As aforementioned, the video decoder 210 would ideally communicate to the video
encoder 200 areas in the reproduced picture that are damaged so to allow the
encoder to repair only the affected area. This, however, requires a feedback
channel. Such a feed-back mechanism is outlined by the means of the feed-back
module 268 and the QoS (quality of service) modules 267 on client side and QoS
module 257 on server side. In many applications such feed-back mechanisms are
not available. In other applications, the round-trip delay is too long to allow for a

good video experience. Since the affected area (where the loss related artefacts are
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channel . Such a feed-back nmechanismis outlined by the
nmeans of the feed-back nodul e 268 and the QoS (quality

w@boogeraie€e) nodul es 267 on client side and QOECTIRMOE01501

257 on server side. In many applications such

f eed- back nechani sns are not,avail able. In other
applications, the round-trip delay is too long to
all ow for a good video experience. Since the affected

S SRS b Pl R SRR bl aton, « ong
%Gﬁér’cﬁﬁt A8y 18ads0a0theoMRd & hdrélebir UgR0which, timum leads to
need of "nore repair data which, in‘turn, |eads

Hugh@’r (avavemeagel pnai()plwid)mdﬁnnd@mmds &hmndwhehlemuad trip delays
und becone | f eedhack- based
e L8, beBatlChiten mEanamE Dadoihe o g5 ditache.

illustrates schematically a basic bl ock di agram of a

vi deo encoder according to an enbodi nent of the

[AFigs 8 illudtravesndchomatiddily a basis blogkidiggruindefn eideo @acoder according
shown |n Fig. 3 depicts a hybrid decoder enpl oying

tt@rﬁﬁcﬁn& hodirgntpkihe @lress%lawe@m% Tﬂlﬁrlllvﬁt?éweéfrl,@%q:l}?gder shown in
g’u an C 1c1!¢sr ér?‘ f’ld coagld glgfp?o%lﬁ% ?rgﬁbl% da%)?Ylafj %Pedlctlon for

code Se 0
Iﬂﬂ@djgﬁddcﬁ)ﬁg ot her than that contained in the first
frame. This type of coding is designated "Intra"
coding, i.e. the first frame is typically ' Intra

Cfgleﬁ. tT e remaini a&@pl ctures of .the,videos se 1 ded
T HES g1 R0 PE S BBEFRAT PR RIS 8E8<¥§§e°p6‘?%‘te§c“of %ﬂ’&ra y code
Wy BSOS ERANCAHE b AndtydH 6@1'& Yherofad coftatd th'th8first frame. This
coding. "Inter” coding enploys prediction (especially

nypé ofi codimgeis skesigoated Gt cmhr)g,flreo thofitst rfrqnmaaxsl uypEIaLIy “Intra”
decoa p| ctures. The encodin rocess for "Inter'

DB FEBRINBE] RIRTESK Phks Ji08 Saueeo BifoBisigs between
LIS S8 SHHP%ﬁhQ%&Jb% 53 &R fg@ﬁfap&ecod% dydne “Inter”

spatial dispfacenent that san'p es 0

t dwelifid. o€knterTheodibii empliafsa pwl‘dl@tibn Yetpeaiiy micibraompensation
side information is used by the encoder and decoder to
spredictigni dipan yothelo preyaoushe depodesk pighuesi dhe gsncedyaprocess for

Iﬁﬁ{ergresérga v%klogf fhx%? | ed' f’ %ré? %((:gsi tblglgerd "olnntcflgé;sigé motion data,
comprising the reference picture, and a spatial displacement that is applied to all
samples of the block. The motion data which is transmitted as side information is
used by the encoder and decoder to simultaneously provide the “Inter” prediction

signal.

The residual of the prediction (either “Intra” or “Inter’), which is the difference
between the original and the predicted block, is transformed. The transform
coefficients are scaled and quantized. The transform, scaling and quantizing is
performed by component 410 of the video encoder 200. The quantized transform
coefficients are entropy coded by the means of the component 440 of the video
encoder 200 and transmitted together with the side information for either “Intra”-

frame or “Inter”-frame prediction. The encoder contains the decoder to conduct
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between the original and the predicted block, is
transforned. The transform coefficients are scal ed and

w@eanvized. The transform scaling and quanti zZPEIIB2806/001501

performed by conmponent 410 of the video encoder 200.

The quanti zed transforn1coef£icients are entropy coded
by the neans of the conponeﬁt 440 of the video encoder
200 and transmtted together with the side information

for either "Intra"- frame or "Inter’-fra rediction. .
Trligipbder tBeriatrelopkb ok dBXtt BlBBfid el cbp gantized
Etl%flsitoplﬁ ?gé(f‘ﬁ&ttéltn?sdﬁ Ryl s?%éctl RCiVeEse TAREBHAEE by the de-
e quantized transtorm coefficients are inverse
geahtedn@nstaliny ease inveasest-aisiorth bympbrertetplaint ihei sage way as at
scaling, and Inverse transform cqonmponent 420 in_the

sharelegpderasidgt revdtingdadie deepsded  predigtiong residyahe The decoded

decoded predi ction residu . T e redi ctii . .
S5RA0% PO ARe] W P, SRERSRE PG PR s e o
tahad-basigtidd Itek Scon@isbrieit @22, Sarid @evides fthd ldetoded video as its
conponent 421, which provides the decoded video as its
outputandris stosed ia dhme (deldy) isfer daP appbling metion zstimation and
enabl ing notian estjmation notion co nsat.i on .b
R0, EHED GRSl YIS IRENTSAE6 OIMHHETG| oo bHiSoHdPS encoder
%8’9 A2 doA%F RE dfa&ﬁle%ﬁ&ﬁ@?fheoﬁﬁéo &fcddee2yo, 48 encager

, respectively. I nput video signal ‘is
pi cture-w se supplied to the encoder input. A picture
of a videp sequence, can be a frane o

; field. .
phe i videospignal 1f iciuneaiisg SYRRIE todhe aeﬁ%\‘leff“:’ﬁ gnlaﬁaghpwmre of a
B}E@ Zgnégcﬁﬁl‘égcé LXE %egéf ﬁ?ﬁlgl':(&c’% P'gﬁ? r}ﬁgirlgﬁgtrugﬁ?’si%;ﬁ%tf/igfoc%alacroblocks

ar area ure.

el Bbviag kspledvnahfigeaizeEatBxifcroblopk eor s xalestangular area of
the | uma conponent and 8x8 sanpl es/ pi xel s of each of

tthe piaikree Rrefereblio ippiselimacrolriesks have am@resrelotx19apindes/pixels

f bl ock Ll . | -
e RS dsrtronant 08 bk srheReif R 6L epah, REfHer b6 chroma
UhiHdnbARNIAHRI Mrkd Gl Jchrdr &indsles ofes in&@bblock are spatially or

conponent of the predicting residual is subdivided )
itempotlllyc krealided sl thieordsultingt predictionneegidus] ng tegnsmitted using

i nteger transform such as separable integer transform. .
drang cgglr %?‘Z‘ngoiLﬁ@%?rPaﬁgcﬁbF‘ﬁBf 58P0y ?ﬁﬁiet prgalgflgg r}:f:Sldual is
CReEMif LS Hb& QH@rétagK ShRVistibfsiRaY &fing AR integer transform
transtform scaling, an

such as separable integer transform or discrete cosine transform (DCT) and the
transform coefficients are quantized by the means of the transform, scaling, and
quantizing component 410. Thereafter, the quantized transforms coefficients are

transmitted using any entropy-coding methodology such as the entropy coding

component 440.

The macroblocks may be further structured into slices, which represent subsets of
a given picture that can be decoded independently. In I slices, all macroblocks are
coded without use of any information other than that contained in this picture. In P
and B slices, information of prior-coded pictures is used to from a prediction signal

for the macroblocks of the predictive-coded P and B slices. Each macroblock can
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quanti zi ng conponent 410. Thereafter, the quantized

transforns coefficients are transmtted using any
wepiropi2€ odi ng net hodol ogy such as the entr opRCTRNIM01501

conponent 440. The macrobl ocks may be further

structured into slices, which represent subsets of a

given picture that can be d®coded i ndependently. In

slices, all nacrobl ocks are coded w thout use of any

i nformati on other than that contained in this picture. .

BentrBnsamitte® in| dnsesr; nioné sodugi Hnevin p¢¢Q§fiaI@,C@dWé(&hﬁh€tS§P%‘§°dmg

is used to.froma predicgtion.signal for th . . .

e DB BRORICHoR T B WipCLR0 i o elprs dorhg @ inspatial domain

: divloddae or nore
Iggeglnﬁ %%géﬂ@nlfmg%?‘m?ﬁpl% BRSbLERER AN

cordance with the slice-coding type.
The prediction may be conducted in transform domain or

in spatial domain referring to neighbouring sanples.of
Besiges tbe JEur|cookE: VABSTHRGeHES of ﬁ}q?%?n-%’g?%’af%d e3dit types
vari ous i - I Snd
e N G T T
SReIRPpaGHicatiy ©fhe dBadroblack et fixed pizet blockniusgd dor motion

the macrobl ock into fixed-size bl gcks us for TDHLonb ved
desstiptipn.i bre pfﬁﬂ@tlpflé&@ﬂ fQreagh @ﬁeéilc‘ff‘@rc {nxn block is obtaine

di ctive-coded bl ' ' . ' o .
B St BT Db RAST B pn iv b

b SratRBEbhhefhob¥navdk@N SR hi sibRke Fefeta@ite Viadexr Tandnation vector
picture reference index. The notion_vector conponen

ts .
esmpoymitc atd wpitiyedidferentlally ensigdnsing sifhen medtan rgdiggrtional
or directional. predictjon, frgm ngi ghbour.i. 4
S g G b SR B Rl mey b

L& eanr%gej%ﬁ’ e fRhSHbie alearadigbet i on. The video
encoder as to store the reference pictures used

for Inter-picture prediction in a frane (delay) buffer
422. A video decoder receiving the output bitstream of .
fhe i nelesdap hsolor SpTe HRUBLTERE ROTFS BpE felitel-picture
oul £ &8 orCln b ydhn bt eRRfng tt i
Bl B FRITHEL MIREPEE e ckgbrgtpme e o
GASkERh SPBIAKIdYeS dbdvdler 20 sqpdichfes etiei muithpicvarepbuffer of the

video bitstream In addition to P-glice nacroblefks
Bastdere anemding ¢e kibe crphersace pittaire Juflsring type and any memory

management control operations that are specified in the output video bitstream.

In addition to P-slice macroblocks, B-slice macroblocks can be employed for
“Inter” coding. The substantial difference between B and P slices is that B slices
are coded in a manner, in which some macroblocks or blocks may use a weighted
average of two distinct motion-compensated prediction values, for building the
prediction signal. Generally, B slices utilize two distinct reference picture buffers,
which are referred to as the first and second reference picture buffer (not shown),
respectively. Which pictures are actually located in each reference picture buffer is

an issue for a buffer control.
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average of two distinct notion-conpensated prediction
val ues, for building the pre?é ction signal. Generally,
B slices utilize two distinct reference picture

buffers, which are referred to as the first and second

e AR ettt S poICbatelt wiis HBrGeu gp b blocking
PortdtadtCriieir 8 when Qi%_cl)@iﬁg.eAf @é—bﬁ)cE_ fof BfterCAN Ohic3e arranged in

particul ar characteristi ¢ of bloc ased coding Is

othe udeceder ladp bif obki videardnebdart 220,r isctisedeto whdure such blocking
decodi ng. A de-blocking filter 421, which is arranged

i HiafpS-decoder 1 oop of the video encoder 220, is used

to reduce such bl ocking artefacts. The operation of

the video encoder 200 is controlled by an encoder

CDid 6pdrhion 40the Willes Bnddilet 200 &t @Ardliedbyean@divkdesScontroller 405,
requiring control for o(gler ation. The encoder

cWhichos | eonnaged ita dhe weadylesheequising eentrd foeropsrationhdhe encoder

encodin the input video signal ag described.above. .
RGP 485 NGl O bRS  GRfraf sttt bt Bt video
daskdliab@dsdredtaBeyivay of illustration. The present
invention is not limted to any specific video encoder

and the detail ed setup of a video encoder is out of

SR SRS SR 2o TS 4 vy o

Ui SPat RSP ggﬂ:e'ﬁt%eélgi%\ﬁ | ﬁoﬂ ri?ﬁ@tnltimg@% f?(?&h? Qpnifc?ﬁc video encoder and

i I'Tustrat g tinme an out” t eedback
cthadewliled setmp of tahddemeiecoderissiud bf flieaceps of thenmtseaniivention.
of the region that is perhaps corrupted due to

previ ous transm ssion errors. Thus, the node deci sion

M@glsesfel%ﬂée £ qu,[e Qi Gt %(Ifr%?%lgflé@g%@rp fof C&?F&ﬁgithm according to an

rtron and a acc sel ect

" apips diflch b £the Peseabindeksod Rrillugitdted.codi ng. General |y,
an encoder should place Intra macrobl ocks such that

the error propagation is mnimzed.

At encoding time and without feedback channel usage, the mode decision process
is not aware of the region that is perhaps corrupted due to previous transmission
errors. Thus, the mode decision process has to predict the effect of channel
distortion and act accordingly, by selecting “appropriate” macroblocks for intra
coding. Generally, an encoder should place Intra macroblocks such that the error

propagation is minimized.

The operations, shown in Fig. 4 by way of illustration, are operated for each
macroblock in order to decide the coding mode of coding the macroblock. The
decision of the coding mode to be employed is based on a cost determination in

order to select that coding mode.

All (possible and/or desired) candidate modes for coding are processed.
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The operations, shown in Fig. 4 by way of
illustration, are operated for each nmacrobl ock in

wore@aeniiies deci de t he codi ng node of codi ng t hePCT/IB2006/001501

macr obl ock. The deci sion of the coding node to be

enpl oyed is based on a cost determ nation in order to
sel ect that codi ng node. Al B7 (possi bl e and/ or desired)
candi dat e nodes for coding are processed. | n operation
SI OC6 the operational sequence for selecting a coding
node according to an enbodi nent of the present

nvent In ap ration I . NDti o .
ortatios Thfhs ionpRuBRE b aie e relrotuE, b fing gpode gggording
td &l ERbo SR Of ARASescht BR/ehBbRBMrts N case, the
candi date node is "Intra" coding, the distortion of
the reconstructed macrobl ock resulting fromthe
ossi ble p i s estinmated. e det e nati.on of .the
PePB S L s ion RSBl B, R BT EEFach Her” and
¢ » t gi's "Inter" coding, notion
e@?ﬁnégﬁg%ﬁﬂghggi Sﬂﬁg‘ By using the notion vector,
whi ch has been found in notion estimtion process t he
distortion for the macroblock is estinate

b aaica dig pepdideeapeds isp rIBHag gpgh@g, gﬁaqigtgr@on g)f ithe, recppgtructed
%galtcg?r}\? Orﬂ(a és;‘jﬂm%e{x%l thg otsé)lfot z&k es 1 Caqgcis O P&Yermination of

A0S
& dislosti &tlwill Be degsived BRI dﬁmoe@@a@ﬂ.al l'y the nunber
of bits required for coding, the channel distortion,
and the distortion caused by quantization. On the

b5t SOGIGAR oA BT SOPe DRV REigR S pptfSrmed. By
G8n thwﬂl&rtbri Sed6t, QML @ds beer ?&}Hdt int PotibE cSiFRbli6S tprocess the

cos t he channel 'distortion, l'or the corresponding

distiertionl fon gha gnztcr:roblbek smistllmstedcbbs considersng thed efrar propagation
eration Sl In o rat S,120.there is hec

aﬁ%r@ﬁf@rlsr%ﬁ (s et SaSfigtipn ! b5 (&R below in

g{ % are further candidate nodes, the channe
ortion for the macrobl ock is

A cost of each mode is calculated. The costs consider especially the number of bits
required for coding, the channel distortion, and the distortion caused by
quantization. On the basis of the calculated costs that candidate mode is chosen for
coding that gives the smallest cost. The cost, which is determined to result to the
smallest cost, the channel distortion, and/or the corresponding mode belonging to

the smallest cost, is stored in operation S115.

In operation S 120 there is checked whether further candidate modes should be

considered.

If there are further candidate modes, the channel distortion for the macroblock is
estimated for each candidate mode in an operation S130 and a cost of the candidate

mode is calculated in operation $140. On the basis of the calculated costs and the
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estimated for each candidate node in an operation S130
and a cost of the candidate node is calculated in

wop@ratileenn S140. On the basis of the cal cul at eBCT/IBN066/001501

and thestored cost that candi date node is chosen for

codi ng, preferably the node that gives the small est

cost. The cost, which is def&rmined to result to the

smal | est cost, the channel distortion, and/or the

correspondi ng node belonging to the smallest cost is

stosede gostrthep eardidate 18080 is Thesenpdr aoding, swefseatdy the mode that

returns to.operation S120.for. gonti nui.ng. herw se

Bfys RS spalLEong: FBEgotts ™ pist SYlstoiieade relt Byt mallest cost

fHeoehanhbE distdlEonC 8HA/B8 (RO E6réspohdil ©08: BEl tdMHeCémallest

has been stored, due to the simallest cost calcul ated.

Ths is banetkin opettbon Bb50.[Thei apesatmmestquendeetwwhatmeperation S120
istortion table. In operation S160, the macrobl ock is
MHCOREFUEE ng the final coding node (corresponding to

the codi ng node having the smallest cost). In

operation S170, the operational sequence for selecting

Othatvisyg the déna canlind mgodeoisaretdexzddinrentopetatidne S155. The final

present invention is conplete. The channel distortion

spdiagredo Bak coding modey Wineh hasshesn: stengdcdugs tythsysmallest cost

L L e R

accurately informthe encoder about data |oss, the

channel distortion should be estimated. According to
am epesaintmeiioOofthe hmagnobloekt isi anendei onsing Hbe cfiginepding mode

istortion is_estijated for ea mact obl oc

efthpifie S48 todiR Biods Pev GRIPe FRFLSL Pt at ed 1 or
every candi date node of the macrobl ock. This
estimation differs for "Intra" and "Inter" coding
i dperation 4170} thetegretatond! seguemabe®r stlectmg a obdingknode according
pr edi l(_:nﬁi)eg_ f romfphrlevi ous .franes .wher egs "I ntra” coding
& P dpBent plithy Presen;lBVGRUQH 1HFOPPEH-cti on. For
“I'ntra" codi ng nodes, the channel distortion may be
caused by distortion due to error conceal nent and

dihetchiahhelndiskoetidro ofla prigyollosk esfeisrtoakis dissmtiohlcaased by possible
According to an enbodi nent_of the present. invention

dorgesof patacdusingriEansigissen. gyince, it is assumed that a feedback’ channel is

not present to accurately inform the encoder about data loss, the channel distortion
should be estimated. According to an embodiment of the present invention, the
channel distortion is estimated for each macroblock separately. The channel
distortion is estimated for every candidate mode of the macroblock. This
estimation differs for “Intra” and “Inter” coding modes as for “Inter” coding
modes the macroblock is predicted from previous frames whereas “Intra” coding

modes do not utilize this kind of prediction.

For “Intra” coding modes, the channel distortion may be caused by distortion due
to error concealment and distortion due to a previous erroneous macroblock.
According to an embodiment of the present invention, and with reference to error

concealment, it is assumed that in the case of loss of a macroblock, the decoder
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concealnent, it is assuned that in the case of |oss of
a macrobl ock, the decodercopies the co-Ilocated

wore@rodieck at the previous frane to conceal tPET/EB20@7001501

It should be obvious to a person skilled in the art

t hat ot her conceal nent nmechani snms nmay al so be used,

refer to the nentioned pape? by Wang and Wenger for an

i ndept h di scussion. Wth reference erroneous

macrobl ock, distortion due to a previous erroneous

AeRirD ﬂnma—lowechmace@blodc ahéhe praviens frameetongqniveal the error. It

S B8 CHF R0 et BT B f%%*"%ﬁ 3 oG Sat 2t mechanisms

oSt A58 behsEQ reds} toI t‘%rrﬁentfdh@ﬂ %Cmn%?hﬂ rWEﬁgeraf%r an in-
(n, 1) p (F(n,i)-F(n-1, wher e
depthh dlspmskm Watis rpfemd:mbl brrtnyeous mcmbéwkr admtomt]mtoedue to a

is the macrobl ock n

PEGTIS: FHORENS AR TEP r%elﬁ in C?rﬁ'églcg%,eth‘éf C%‘.r?r&r figpge with error-
LEAsSHSsi on. Wth reference to equation (1) it should

be assuned that in the case of |oss of a macrobl ock, a
decoder copi es previous co-| ocated nacroblock to the

current frame. Although, it has been found
Byniaking deeset e SOHFess afég Whgane ndistortjem |1Bt%\?§?9%r the channel

Hﬁiq‘i—f&g‘f %ﬁfa’%dﬁgr}ﬁ&@ 1%%1’11%1 d I ques, those

he art recia at equation (1)
can be nDdIfI ed for dlfferent conceal ment techni ques.
For "Inter" coding nodes, the channel distortion has

an additi OI’BU{(;’I,QHTptE(@i’(ab)+an{-ak))h@peD()t’ L,i);
propagation into account. Because "Inter" coded
macr obl ocks are pred| cted from previous frames (see

ahove), an "inter" macroblock may propagate errors
WAICES t he cErl$3WtP31°k5W§S~°eW@hal?lﬁ%gh it is correctly

recei ved byl & thee ﬁ&gggﬁ&bf@/ consi dering this additional
'S !

term the chann I‘on for "inter" codi ng nodes

i s estimat gt ths mddkollock himbéd an®) - D c(nref i) +p -
(F(n, i) - F(n -1, /))2 +p -Dc(n-\, i) V\,here(\.-p)-D
c(nref ,) iRntheisathdi tdcongtructelr macashlbtk gy the amserof aarror free

transmission.

With reference to equation (1) it should be assumed that in the case of loss of a
macroblock, a decoder copies previous co-located macroblock to the current
frame. Although, it has been found by simulations that this assumption is valid
even for more advanced error concealment techniques, those skilled in the art will

appreciate that equation (1) can be modified for different concealment techniques.

For “Inter” coding modes, the channel distortion has an additional term to enabling
taking error propagation into account. Because “Inter” coded macroblocks are
predicted from previous frames (see above), an “inter” macroblock may propagate

errors into the current frame even though it is correctly received by the decoder.



10

15

20

25

propagation, and Dc nref ,i) is the weighted average
channel distortion of all the nmacrobl ocks that current

wor@roileck uses as reference. The wei ght of eRCNB2006/001501

ref erence macrobl ock is proportional to the area that

is being used as reference. Fig. 5 shows an exanpl e of

how Dc(nref ,i) (the weighté¥ average channe

di stortion) is calculated. Wth reference to Fig. 5

the wei ghted average of channel distortions of four
Briceatsidering ttis tadditipmel/ itenns, theaphaningl distegionafasd inter” coding
Thﬁse.naér%%%fcks and their respective weights are
BREEUPASBH S Ry t he notion vector (M) found in

notion estimation process. In this exanple, MBl in

picture n-1 (z-1 or macroblock 1) has the | argest

wei ght, whereas MB3 (z-3 or macrobl ock 3) has the

snmal |l est. For sone applications, it pay be desirable

to "force" R hendedil ng)nbye,.of) ap mcddplide F(as Lidhtm'D, (n—1,1)
no matter what the cost of each node is. One exanple

for a need for such a forcing is conpliance with ITU-T
Reconmendati on. H. 263 baseline, according to which

every macrobl ock_nust be coded in intra node the

Wheest af t €r— p)- Dhée, cdddd 182 additional ntarpx gleswibiag Womp error
coefficients present. According to the invention

propegatiard andhe forcing can be inplemented by setting

the cost of_the "inter" npdes.to a pre-determ ned

val ue t hat Qe&baPglt T aveig dﬁf%ﬁ%ﬁ%@fﬁgoﬂm of all the
cost. For each cg)’;mqﬁi%gﬁte node, a m@ﬁ i s cal cul at ed

i ncl udi ng PHErREeG HFUEREhIREPT 09 QAHSES BHT AFG EHe

nmode with the snmall est cost is chosen. Cost of each

node is cal cul ated using the follow ng equation: J = D
The velightDesf ach refetredorntlecroRQek ;is phsyoetibisdl o the aren thheis being

di stortion caused by quantization, R is the nunber of

béads as haferensgl FipeS ushowst an exeaipley of hwvelr @h} 6x Kiheamgighted
average channel distortion) is calculated. With reference to Fig. 5, the weighted
average of channel distortions of four macroblocks at the previous frame is
illustrated. These macroblocks and their respective weights are calculated using
the motion vector (MV) found in motion estimation process. In this example, MB;

in picture n-1 (=1 or macroblock 1) has the largest weight, whereas MB; (i=3 or

macroblock 3) has the smallest.

For some applications, it may be desirable to “force” the coding mode of a
macroblock as “intra”, no matter what the cost of each mode is. One example for a
need for such a forcing is compliance with ITU-T Recommendation. H.263
baseline, according to which every macroblock must be coded in intra mode the
latest after it was coded 132 times in Inter mode with coefficients present.
According to the invention presented, the forcing can be implemented by setting
the cost of the “inter” modes to a pre-determined value that is larger than the

maximum possible cost.



10

15

20

25

30

| rode i s the Lagrangi an paraneter. It should be noted
that Dc is given as zero for franmes that wll not be

wais@d/osd26 ef erence for the subsequent frames. HOI/EB2066/001501

because errors in non-reference pictures do not

propagate. It should be notzg that the cal cul ati on and
deci si on operations describ above according to an

enbodi mrent of the present invention are operable with

t he encoder controller 405 shown in Fig. 3, which

controls the operation of the video encoder 200. Wth
eference t I g. 0 n ' : .

ERF i ncranioaliaiodds §aRE S pRRAL b g exfimated channel
anesHidh Nahd detoashadi mRNEmellest kBstoisedriRbn.l Qustndf eath mode is
are exenplary illustrated. The present invention

calcalats] usingythediollowing equadid®: deci si on al gorithm

enabling to select macroblock in a single picture to

be Intra encoded at the costs of bandw dth (instead of

I nter encoded 1, Gl : ptipl.e to erroneous

transnissidﬁ,l&%éggTE%ggpggﬁﬁﬁtptﬁier encodi ng saves

bandw dth), so to increase the reproduced video

qual ity under error prone conditions. In brief, the

neiere as pectD, G, i) tibthei distertianvaausehlye guardizdtipns al gori t hm

conprises the fgQllowing t el epents: A distort] .
estimator forSe hnﬂﬁg’gbbqvﬁé’ktst YVQQ@I oy BS?‘Lgﬁ’heﬁOdlng the
error $, 346k 088 Racket |osses or errors in video

segnents that takes potential error propagation in the

r epr oduced Ay, déotheliagragioupdramétennde deci si on

al gorithmthat chooses the optinmal node based on

encodi ng paraneters and the estinmated distortion due

t h el r,0, Xol ' est i i

P S6ORE0R aifertiie S P b 2Bl i PG (Rl not b wsed s
FBRf&REOfds, tHROkEHHch@dnt efraEs. PTRRAGAbEGHUSE Nertdl® in non-reference
reproduced video in response to channel errors such as

pactiaess doozd gsopagatarors i n vi deo segnents. A cost
calculator is provided to determ ne the cost
associated with each estimated channel distortion.

It should be noted that the calculation and decision operations described above
according to an embodiment of the present invention are operable with the encoder
controller 405 shown in Fig. 3, which controls the operation of the video encoder

200.

With reference to Fig. 6 components enabling the calculation and decision
operations described above according to an embodiment of the present invention
are exemplary illustrated. The present invention relates in general to a mode
decision algorithm enabling to select macroblock in a single picture to be Intra
encoded at the costs of bandwidth (instead of Inter encoded which is susceptible to
erroneous transmission, wherein note that Inter encoding saves bandwidth), so to
increase the reproduced video quality under error prone conditions. In brief, the
main aspect of the inventive concept and its algorithm comprises the following two

elements:
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A node deci sion nodule 610 is provided which is
adapted to choose the opti mal node based on encodi ng

w@200anetieé s and the estinmated distortion due tPRPCTIENI01501

errors for coding the macrobl ocks. The distortion
estimator 600 is supplied with the one or nore
encodi ng nodes enpl oyabl e O encodi ng and each
macrobl ocks to be encoded. The distortion estinator
600 is preferably arranged to performthe estimation
operations of equation (1) and (2), wherein the cost

cal cu .S preferab f t

cal CLA‘ ‘%F'i?ﬁt gﬁré’inia{?ﬁ 118¥ egc uai ém?&l%% Qﬂf ith ec‘%:"hannel errors
modul s%cﬁ]ag ﬁa@ﬁ&tr lé)@ie% dri s 1 Wileshegmentdi gt flee pbiential error
be used. It should be noted that the inventive concept

Ii Pf}trgpegatmnanethe teproduried tvidaorintosaachuiigh. A person
skilled in the .art c find ot

for idt F%‘Pdree St FEPrERE D hfSsd B pBRfis) RblS Bised on
decod ol g,r Bmeteks %Y@%@s@ﬁa@hﬁﬁstﬂﬂkﬁpddéﬁtchbﬁﬁel errors.

i nven cept 1s conbinable with further error
conceal nrent mechani sns, error feed-back nmechani sns and

fo d
Andisietion {gsg;mg;g %ﬁ(‘f o oS00 B Y EARR e cach
! Utcér% Eq):é ol B ﬁﬁﬁ%ﬁgg 1}1[@% r\éﬁf | Sd qf?&éH S r@bonse to

|on may partlng rom

EBNSC &R6rsQuch g pﬂf:l@étﬁlﬁiseiz B eftbisan. vided ﬁdgemerms e\ costecalculator
foregoing description is for the purpose, of
isl pruy;]tdﬁdttq) dntemurye thg gastragsociased Vi e@gh ggér@a‘rggl channel distortion.

1%:: g tprgtdl\f,‘ﬁlgioq glog}ﬂgn@ }S: p?'rgv}%ea ,Xglr‘lregl? ﬁéog&g%%’é’ gc%j gﬁ?ose the optimal
fRGR Y081 %Bdfﬁlc%ﬁ I%C%Jérﬁﬂle%lﬁ@ bih@ @R estivhitbd ahMbﬁ&fm due to channel

encoder oper abl h a plurality of encodi ng nodes
txrorsefor auiding ﬁlecmacmbﬂoqkac"fbﬁb distdetian estigydori &PO is Supplled with

position of a video se uenc net hqd co

gﬁe‘i’f&t Pomre entodiag eRdk cHp A fu oo e: Daftiagblocks
u eRbi f

o ger: tggf(%%{(d Fiple ?ewtg‘%t Jﬂﬁ%sgﬁ%%t&‘t' ﬁ@tﬁg‘n@%g}ﬁ%@ r%)rlfdgl%e& % peffbrm the
estimation operatlons of equation (1) and (2), wherein the cost calculator is
preferably arranged to perform the calculation operation of equation (3). The

decision module 610 instructs finally which encoding mode is to be used.

It should be noted that the inventive concept is not restricted to combat errors
though. A person skilled in the art can easily find other applications for intra
refresh, for example to allow for gradual decoder refresh. It should be also noted
that the inventive concept is combinable with further error concealment
mechanisms, error feed-back mechanisms and forward error correction
mechanisms, which are known in the art or which will become available in the
future. It will be understood that various details of the invention may be changed
without departing from the scope of the present invention. Furthermore, the
foregoing description is for the purpose of illustration only, and not for the purpose

of limitation — the invention being defined by the claims.
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- selecting a final encoding node fromthe plurality
of encodi ng nodes on the basis of at |east one of the

waoele@voriteon val ues and encodi ng paranmeters; - PEIEB200101501

an accunul ated distortion value in a table referenced

by the spatial position; and - applying the final

encodi ng node for encodl ng 4aid current nmacrobl ock. 2.

The nmet hod according to claim1l1, conprising: -

gﬁdat.i ggathe accunul ated di stortion value by the
hatisednimieskisy t i on val ue associated with the sel ected

final encodi ng node; wherein the accunul at ed

di stortion value is preferably initially zero. 3. The

method agGREHDAGort &aptigh @hé‘odlﬁgjﬁﬁrdb%bfégtmn a &ib‘l@ Rt % video
a cost value for subStantially each encodi ng nodes on

t he ba5|@coﬂelt hpembbt withi @ pluralityeef ancoding ododay for encoding a
par anet er s cting the final engodi ng node on

the basi &R afné?fﬁ%g’rcie‘s%aoﬂ’af‘ﬂ’e P86’§‘an9f&‘eé’1‘%z@ segyignce, said
met hod 3ge@odicagh gtrﬁu@ e%doq'é opherein the plurality of
encodi ng nodes conprises at l'east Intra encodi ng node,

t he net hod estimpting i axgeeted sdistortiom Fahiedi dieontd i potemtidd] ustroneous
for Intra node encoding of current macrobl ock from

di stortion tlta@ﬁrnhssu@s @if i Bien §uarRk sRacrebloghein slependance of the
conceal men% gk{?ot Etl on due to previous erroneous
transm tted nacr oC 5. The nethod according to

cl ai m 1,- wheleetiny tah€ingl @heddihy MbdeEQdi e PREMRY of encoding
conpri ses at Ieast Inter encodi ng node, said nethod
conpri si ngmodessen e ihagis aofdpt deast iona ofathee dissertiont ealues and
node encodi ng‘?cﬁf current macrobl ock fromdistortion

terms descFPBIHEE BFY S on due to error

- updating an accumulated distortion value in a table referenced by the
spatial position; and
- applying the final encoding mode for encoding said current

macroblock.

2. The method according to claim 1, comprising:
- updating the accumulated distortion value by the expected distortion
value associated with the selected final encoding mode; wherein the

accumulated distortion value is preferably initially zero.

3. The method according to claim 1, comprising:
- determining a cost value for substantially each encoding modes on
the basis of the distortion values and encoding parameters; and
- selecting the final encoding mode on the basis of a comparison of

the cost values.

4. The method according to claim 1, wherein the plurality of encoding

modes comprises at least Intra encoding mode, the method comprising:
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conceal ment, distortion due to previous erroneous
transm tted macrobl ock and distortion due to error

w@e@pagaké on. 6. The met hod accordi ng to cl ai mP@T/1B2006/001501

wherein the distortion termdescribing the distortion

due to error conceal ment conprises a deviation val ue
obt ai ned from current macrofffock and co- I ocat ed

macr obl ock at previous franme applicable for error

conceal ment and a probability value relating to

pot ent i at | esémeting cudistorins nyales dor dntre upedmencoding of current

bl ock. 7. .Th t hod_ accordi to.claim4, .
wher ei -t haGFQRIBFY ESH AIPARGR STy PR Hitirip dyf to error
due to previopbsIREAOREP WstbiiRASHNd t& ?)é@%i@lﬁsp B8RKous transmitted

conprises a distortion value estinmate or a

macr obl ock macrpblevk.ous franme, which is potentially
transmtted erroneously, and a probability val ue
relating to potentially erroneous transm ssion of

curgent fRe rrﬁ&h@& kacc@rdirgq f TRfiRCH Egilrlﬂ R ﬁ)gl‘ﬂraﬁ%f‘ bfencoding

5, wherein the distorti term descri gt

di st or t i moddsieorhprisssrap teapr pagatoding aoedy, ssidsneéthod comprising:
wei ght ed aver.age di stortion val ue determ nable from

di st or t i on SFHMGERE GF disteriien neadusrder dplen dredamenprding Rifscurrent

frame, whi %a&Bﬂo?@%nﬁ‘%is&&&f%ﬁ%ﬁ@ﬁ% gé{&gipﬁféﬁfsmrﬂég'dﬁe to error

froma notion vec wherein t

ter mdescri kjoagedlfent]i ais@rtib@Ndadierot Previbes EEARAYAL ir@kmitted
conprises additional I%da probability value relating to

non- occur r éngeoblpcly ene distertipy due toa@eupropagatam. ssi on
of current macrobl ock. 9. The nethod according to
claim8, wherein the weighted average distortion val ue

i's @bt ai TRE n{diigiA fHiceidhg tORaMRUUGHeR)n THREIIERHFSERER describing
macr obl ocks, which distortion values are weighted for

aver agi nthebdisteztigintdueatouespr whncdahaert pomprisesi anddvidton value

areas of sajd.reference nacrobl ocks, ich areas are

used as PRAEIEN f‘&}’rrreﬂ‘rteH}aE’fqu%Cii‘sM co-located macroblock at
previous frame applicable for error concealment and a probability value

relating to potentially erroneous transmission of current macroblock.

7. The method according to claim 4, wherein the distortion term describing
the distortion due to previous erroneous transmitted macroblock
comprises a distortion value estimated for a macroblock at previous
frame, which is potentially transmitted erroneously, and a probability
value relating to potentially erroneous transmission of current

macroblock.

8. The method according to claim 5, wherein the distortion term describing
the distortion due to error propagation comprises a weighted average
distortion value determinable from distortion values of reference
macroblocks at previous frame, which are used as references and

determinable from a motion vector, wherein the distortion term



current macrobl ock. 10. The nmethod according to claim
4, wherein the distortion value for Intra encodi ng

wor@en131%6 est i mat ed i n accordance with fol |l ow PQI/IB2006/001501
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equation: Dc I (n,i) =p - (F(n,i)-F(n-U)) 2+p
-Dc(n-1,1) ; where pis packg& | oss probability, nis
frame nunber, i is macrobl ock “nunber, and F(n, ) is
reconstructed macrobl ock in case of error free

whor el n t ASCHPBEHEENOTAR JE A6 PP EROHFHPRisag itionally
'(f] |e)s ':[nﬁ? 3?9‘@5%13# eﬁlﬁ?fﬁlgtl@ Egggﬁl?ic%c?lé‘(ﬁ?ﬁ%bﬂﬁhuﬁmneous

- Dc(n- 1, i ransshgsion (of epired® mgeroklocki ) is additi ona

termresulting fromerror propagation, and Dc(nref ,i)
is weighted average channel distortion of all

bl t [ | , .
et 9010kl LU L O8] Bhke s higied e

wher ei n t BRtdHEbR! Vil N dbigin€d Frod adlisetib®values of the reference
substantially all encodi ng node conprises, for each

encodi ng mageoblockst evhichidigorioguealuey ate oveightsd Jpr jayaraging by
val ue resulti.ng froma anti zatio .ogFration
Hignaf

g .
appl i cabl &eHRTE Halugsr PO fE% ¥BPY 19, 87y B sgid reforence
Lagrangi ap RafAbEée wiAss aetAl 8¢ Wddhad RefeRieed ifpd pFe&ing said
and nunber of bits required for encodi ng current
macr obl ockuirentangapblanke with the encodi ng node; and -
determ ning the cost value in dependence fromthe
guanti zation distortion value, the Lagrangi an

par aggt er; foltb tehainPR dvh i REthHIh value for Int
vaIugﬁassg?%gﬁggggﬁgﬁwgﬁggenc35?%9 ﬁ%gé. 13. Tﬁe vatue for tntta
met hod acentdatiimgniodes isaistimatedviherceondased withdsllowalgueuation:
for one . R

D, (ni)=p- (F(ni)~F(n-10)"+ p-D,(n-11);

where p is packet loss probability, » is frame number, i is macroblock

number, and F(n,i) is reconstructed macroblock in case of error free

transmission.

11.  The method according to claim 5, wherein the distortion value for Inter

encoding modes is estimated in accordance with following equation:

D" (m,i)= (1= p)-D,(ny,i)+ p- 2 (F (i)~ F(n=10)* + p- D,(n=1,1);
where (1-p)- Ec(n,,ef,i) is additional term resulting from error
propagation, and D, (n,,»1) is weighted average channel distortion of all

macroblocks that said current macroblock uses as reference.

12.  The method according to claim 3, wherein the determining the cost
values for substantially all encoding mode comprises, for each encoding

mode,



encodi ng node out of said plurality of encodi ng nodes
is determined in accordance with foll ow ng equation: J

woeofn1sieg +Dc (n, i) +lnpde R(-) ; where Ds(npai/IB2006/001501
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di stortion val ue caused by quantization, Dc (n,i) is
expected distortion value determ ned in accordance

W th one encodi ng node, R i s umber of bits that woul d

be used for encoding current macrobl ock, and ode is

Lagrangi an paraneter preferably depending on one .

encodi ng modistermining  @oAvaREFation, GHHATtMy dRlge  resulting from a

eI e el o S s S

code recor det W €O or ve encodi ng

sel ecti on. agpbifdaty @ Wagfngiavi paaneeaodsochpsel atie the encoding
wth a plurality of encodi ng nodes for encoding a

current macrobdoerd onmber pfibits wesmired der esegding fegernmacroblock
code conprising: - said.yvideg 1..Sai.d program

code when e%gé’gf‘gga‘?ﬁ? ‘?:{lt%lﬂbec c§§1‘r¢n%hq§égeﬁga%da code

section for fs&hiRineNtheedPRCHAEE Gh Sdepehii@itev b $hel Y@antization
to potential erronecus transm ssion of said current )

macr obl ock idistdependalne cthefLagsangiam padinegerntitiesumber of bits, and
code section for selecting a final .encodi ng,.node from

said plural ith§ db?rfolélﬁe(y&h?gasmfd%@g SYitH 1h8 pAeding groden g
distortion val ues and encodi ng paraneters; - a code

section for updating an accunul ated distortion value

i n a18abl &heefmethodcactobding aiodclapmat3,alvhpeesi tsaah costndalue for one
a code section for applying said final encodi ng npde . .
for encodepepding maderqué of S?iﬁd%l%llﬁ’c‘l{f%%alnﬂfé‘oaﬁsn‘ﬁ g]pgqrmmed n

pr ogr am pr,odygh, AGGRK HiNsvihg eGhatidh: 14, compri si ng:
J = Dg(n,i)+ D (m,0) + Apyoq. - R() 5
where Dy(n,i) is distortion value caused by quantization, D¢(n,7) is
expected distortion value determined in accordance with one encoding
mode, R is number of bits that would be used for encoding current
macroblock, and A4 is Lagrangian parameter preferably depending on

one encoding mode.

14. A computer program product comprising a computer readable medium
having a program code recorded thereon for adaptive encoding mode
selection applicable with a video encoder operable with a plurality of
encoding modes for encoding a current macroblock of a video sequence;
said program code comprising:

- said video encoder;

said program code when executed by a processor having:

- a code section for estimating expected distortion values due to
potential erroneous transmission of said current macroblock in

dependence of said encoding modes;



- a code section for updating said accunul at ed
di stortion value by said expected distortion val ue

wasmonidated with said selected final encodi ng POOEB2006/001501
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wherei n said accunul ated di stortion value is
preferably initially zero. 16, The conputer program
product according to claim 14’ conprising: - a code
section for determ ning a cost value for each encodi ng

node on the basis of said distortion vrlues and .
encodi ng -pad asasiee pectioandor- selegting asdial gnceding mode from said

LS5 Sl AR, TR0 Lo i

encodi ng no a compari son

cost val uesgpdldncolite pAaaREteey; Program product
according to claim 14, wherein said plurality of

encodi ng -noelemde creptips der @pdﬁ%ﬁnlwmu@ﬁ%‘bdﬁﬂ@ﬁmd@me in a
cati mat i ng. B CrHELT R T PPREPS Hikte. encodi ng
of said cur é%ﬁe @@Gﬁ&pk&%ﬁ}ﬁﬁ@ sdiSHRAIL drddirg Adde for encoding

descri bing distortion due to error conceal nent and
di storti on gajé cumreat maerobbnek. err oneous transnmitted
macr obl ock. 18. The conput er program product accordi ng
to claim14, wherein said plurality of encodi ng nodes

conpyd sespat c(;ngﬁftgr ]gﬂ?)gg%% f)p&ﬂf& Q&o?%iﬂg 10 %PJil‘ﬁt %4 ggfé@ﬂ‘sing:

code “conprisin sectron tor “estimatin

di stortion watste §tiohnfoerupdetieg sabdéougnulftegdadidtortion value by
current macrobl ock fromdistortion terns (ges,cri bi n

di stortion daid expestadodistsHen aiakishpssogiade MlFlbﬁa’diugel‘f’(aed final

a previous erro eous&[ansrritted macr obl ock and
di stortion FHECPBERIYSt propagation. 19. The conputer

program pRgist sA8 ae&Fhiatcdigbaion value hgeRiablg aitlally zero.

16.  The computer program product according to claim 14, comprising:
- a code section for determining a cost value for each encoding mode
on the basis of said distortion values and encoding parameters; and
- a code section for selecting a final encoding mode from said
plurality of encoding modes on the basis of a comparison of said

cost values.

17. The computer program product according to claim 14, wherein said
plurality of encoding modes comprises at least Intra encoding mode,
said program code comprising:

- a code section for estimating a distortion value for Intra mode
encoding of said current macroblock from distortion terms
describing distortion due to error concealment and distortion due to

a previous erroneous transmitted macroblock.



di stortion value for Intra encoding nodes is estinmated
in accordance with follow ng equation: Dc 1(n,i) =p -

W@ Eon/oiy12d=(n-\,i)) 2+p-Dc(n-1,i); where p is aP@EHDERE6/001501
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| oss probability, nis a frane nunber, i is a

macr obl ock nunmber, and F(n, IS a reconstructed

macrobl ock in case of error ¥ ee transm ssion. 20. The
comput er program product according to claim 18,

wherein said distortion value for Inter encodin ﬂ

i s @8t i nAthedcamputer praga@ePiRdunt Aetardigienty elim f‘bnw erein said
D(n,i) nre

J(F<in,i L}ggf‘tyuyf Er_%oc{%% ﬁl)l(?cf)es compris rises ag\lea%t InE%' enco?mg mode,

1) is an bhRRakodeSdoih I@_ﬁﬂ,}étlng fromerror
propagatlon%r%% D%ref I|5) IS a weighted average

channel di si arodeosectibnafior astiorasinEoz kdistorian ajug for Inter mode
current macrobl ock u es s reference, cq

proogr am pr oBRROAINE: ¢ e alrﬂ?cfgbl%ﬁ}ﬁe}'é?% sai %IH%B terms
code secti og.Jof &ﬁfdﬂl h Qe SBl Qr&oédnc%ﬂhm ﬂl@forﬁé&@ [ue to a
encodi ng nbdé co I ses, or each encodi ng node, -

code secti Opre‘v@dusdatrmmuslm@smmerhnnaczabhooh mdsdtstqrtlgm due to
val ue resulting froma quanti zati on operation

appl i cabl e ewospiopagaiiFent nacrobl ock; - a code

section for providing a Lagrangi an paraneter
associated with said encodi ng node and nunber of bits

requig. ed 114 c6Mpatr NogRind peodiice riccomEnD lod cutzklm A7, wherein said
accordance with said encoding node; and - a co

section fdistodéarevaiugifoy Istip Ensedingyaodes is eﬁgﬁ%tﬁééﬁcaé’cordance
from sald gn]; i zation distortion value, said
Lagr angi a‘ng PURRNECAUBUY nunber of bits, and said

di storti op, nal e aS3pg{ Ahedil thPal f. b, n-1,9;
where p is a packet loss probability, n is a frame number, 7 is a
macroblock number, and F(n,7) is a reconstructed macroblock in case

of error free transmission.

20. The computer program product according to claim 18, wherein said
distortion value for Inter encoding modes is estimated in accordance
with following equation:

D, (mi)=(1=p) D, (s + p- 2 (F (i) = F(n=1,0))" + p- Do =L
where (1- p)-Bc(nmf,i) is an additional term resulting from error

propagation, and D, (,y51) is @ weighted average channel distortion of

all macroblocks that said current macroblock uses as reference.

21. The computer program product according to claim 16, wherein said
code section for determining said cost values for each encoding mode

comprises, for each encoding mode,



encodi ng node. 22. The conputer program product
according to claim 16, wherein said cost value for one

wer@woni131g6 node out of said plurality of encodi PQI/IB&E001501
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is determined in accordance with follow ng equation: J

=Ds (n, i)+Dc (n, O + Inoe R(-) ; where Ds(n,i) is a

di stortion val ue caused by q#ntization, Dc (n,i) is

an expected distortion value determ ned in accordance

with said one encoding node, Ris a nunber of bits

t hat woul d lae codedsettion efor oditergnisdigl ac guastigation distortion value

macr obl ock, and.l npde is a r.angi an paranet e .

pref erably cﬁ%ﬁi’iﬁ%ﬁn?%m&ﬁ g%ﬂ:gl?l%g“%n g’ﬂ?s@aﬁoﬁganﬁlﬁégleﬂ sgid current
vi deo encodey,2skeRged for adaptive encodi ng node

sel ection, said video encoder being operable with a

pl urality- ofa exdecdction fongesviimg ehegrdngignaacametenassociated with

macr obl ock of, a vi deo sequence; sai d video encoder . .
conpri si ng: Saldaeltﬁogtr&mp B a@éﬂlﬁ@%rofmsaﬁ@@we dor encoding said

estimting expegt ’%g?’q’?ﬁ’tﬁ’ rié ig?«g:rﬁﬁiéé%ittﬁ Hﬁdteﬁgﬁcgég %{id'nd%E and

erroneous transm Ssi O current macro

dependence af cailei @ctios dei OgerMiBiss said @echsluerin Megedence from
arranged for selecting a final encoding node fromsaid )
plurality ofaighgeditizgtion distorsiant vduh $8id Legrangian parameter, said

di stortion val yes .encodi ng,paraneters; and - . . .
tabl e conprin%gfraﬁf]g’bta’atagg Saag%u%ﬁq%g?% h T%ei P9 ed with said
val ue, wher @hBodibmd®bl e is referenced by said

spatial position; wherein said video encoder is
arranged for applying said final encoding node for

i d t bl ock. 24. The.vid . .
encottbr 2L FRmHeF Bosa Arosict sheei iing iain Lgvgherein said cost
table is @pangeshd Ycodind hide & & 85& PIMARESSF encoding modes is

di stortion val ue,
determined in accordance with following equation:
J = Dg(n,i)+ D, (n,0)+ A4, - RC) 5
where Dy(n,i) is a distortion value caused by quantization, D.(7,i) is an
expected distortion value determined in accordance with said one
encoding mode, R is a number of bits that would be used for encoding
said current macroblock, and Ayqe is @ Lagrangian parameter preferably

depending on said one encoding mode.

23. A video encoder arranged for adaptive encoding mode selection, satd
video encoder being operable with a plurality of encoding modes for
encoding a current macroblock of a video sequence;
said video encoder comprising:

- a distortion estimator arranged for estimating expected distortion
values due to potential erroneous transmission of said current

macroblock in dependence of said encoding modes;



whi ch is updated by said expected distortion val ue
associated with said selected final encodi ng node,

wob@reifizeai d accunul ated di storti on val ue i s PCT/IB2006/001501
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preferably initially zero. 25. The video encoder

according to claim 23, conprising: - a cost cal cul ator
arranged for determning a ct¥st val ue for each

encodi ng node on the basis of said distortion val ues

and encodi ng paraneters; and - said deci sion_nodul e .
arranged -f oa deelsint immylude BrTABECE helo 8¢ lAEFR delintlopRCO4ing mode

plurality of encodi nmod QNy: i . Y :
conpari son %Pmsscﬁlﬂg pﬂ%@]ﬂw\pgf’e&gQQIBQ gn&%% e §lvtlﬁé 2 %s% 9f gajd distortion
accordi ng t@,gkaim glfbodﬁ@elgﬁalﬁeﬁﬁ;dnal urality of

encodi ng nodes conprises at |east Intra encodi ng node, )
sai d vi deo erahieleomprisingianiupgated aseumutaitest distoraen value, wherein
estimator arranged.for, estimati ng a.distortion val ue

for Intra nﬁ_ﬂ@ t%ﬁeb%qeﬁg%qed;@! iip _alné‘LPoﬂég?’obl ock

f rom di SWOIAL ANl PYiR0 4REGI H BfatlicR B bbfRihiaiil Ginal encoding
error concealnent an Istortion due to a previous

er r oneousnédeafos khtddidg sFdrcahientcka@ddblothe vi deo encoder

according to claim 23, wherein said plurality of
encodi ng nodes conprises at |east Inter encodi ng node,

codi ng c at least Inter encod
cet 13t or 16 VARG et B BReFRg o cif , EpRASIT | e

for Inter. mgQ @PROEIARENneEd $&i doring saidtacommubied distortion value,
fromdistortion terns describing distortion duglto ated with
error conceavhiemts updaiedbyiseifl exrecies disipragn yglue associated wi

erroneous tr a{ais gﬁfetc %g 1}%% o%jl{cg é{é garﬁgo %’és%&téh{) NS¢ CadcBmulated

error propadd encodér according to

claim26, whelshdnSaiick JippéRfdblY hitigtyTrero.

25.  The video encoder according to claim 23, comprising:

_ a cost calculator arranged for determining a cost value for each
encoding mode on the basis of said distortion values and encoding
parameters; and

_  said decision module arranged for selecting a final encoding mode
from said plurality of encoding modes on the basis of a comparison

of said cost values.

76. The video encoder according to claim 23, wherein said plurality of
encoding modes comprises at least Intra encoding mode, said video
encoder comprising:

- said distortion estimator arranged for estimating a distortion value
for Intra mode encoding of said current macroblock from distortion
terms describing distortion due to error concealment and distortion

due to a previous erroneous transmitted macroblock.



describing said distortion due to error conceal nent
conprises a deviation value obtained fromsaid current

wor@rokileck and a co-located macrobl ock at a pPEWIR266/001501
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frame applicable for error conceal rent and a

probability value relating to_erroneous transm ssion

of sai d macrobl ock. 29. The vildeo encoder accor di ng to
claim 26, wherein said distortion termdescribing said
distortion due to previous erroneous transmtted )
macrdbl ockbe gigso seepdsr dicserging ¢o alaimuad3e stheneinewnid @lurality of

a macrobl ock .at a previous.fra ich is potentially, .

Cr aner ot iroaie ReBsE pRTise® AP Jeast dpfet dpofifierBioct) sdia video
rel ating éeo@ér @igMing:r ansm ssion of said macrobl ock.

30. The video encoder according to claim 27, wherein

sai d di stor spidndistartion estimator granged folii sstonatinghadligottmon value

error propagatiqn conprises a i ghted avera . .
di stortion o {HREOAR FRRABRE of Mo eFeemb acERPlogk flem distortion
of ref er encee RCAQRLiBRIESAiorForPifY 'td)gll-?cenf F@rfe;éalrfﬂéﬂtc@istortion due

are used as references "and determ na roma notion

vect or, wheneianpresiotsdirsinepts aangmitteddasaoblickgmladistortion due
di stortion due to error propagation conprises

addi ti onal | O ST BE¥BEH9Y, value relating to a
non-occurrence of erroneous transm ssion of said

macr obl ock. 31. The vi deo encoder according to claim

30, Mher eThe shied oteb@it &orliRs 86 elaiins16) WihedBinVadlidl diskdtion term
obtai ned fromdistortion values of said reference ]
macr obl oclescribimiec kaidi stiertionn dugl tesersere operement fopmprises a

aver agi ng wei ght val ues, . whi ch, are propor.t.ional .to

areas of egg%lope%g};%ﬂgén}%cﬁ%l%&%qm PiacTablagl and g co-located
used as r@h&oOBYeR%t fa0prePToRd iffdnhd Byl Riad1eCHH et concealment and a
macr obl ock. 32. A processing device operable with a

vi deo encpobability valye teléting woerparierss truwuissignoddaid macroblock.
sel ection, said video encoder being operable with a
plurality of encodi ng nodes for encoding a current

macr gl 0Ckhe video encoder according to claim 26, wherein said distortion term
describing said distortion due to previous erroneous transmitted
macroblock comprises a distortion value estimated for a macroblock at a
previous frame, which is potentially transmitted erroneously, and a

probability value relating to erroneous transmission of said macroblock.

30. The video encoder according to claim 27, wherein said distortion term
describing said distortion due to error propagation comprises a weighted
average distortion value determinable from distortion values of
reference macroblocks at a previous frame, which are used as references
and determinable from a motion vector, wherein said distortion term
describing said distortion due to error propagation comprises
additionally a probability value relating to a non-occurrence of

erroneous transmission of said macroblock.



of a video sequence; said processing device
conprising: - said video encoder; - a distortion

wesaoroetios arranged for estimating expected di BCDIB20@7001501
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val ues due to potential erroneous transm ssion of said
current macrobl ock in dependence of said encoding

nodes; a deci si on nodul e arrg%ged for selecting a

final encoding node fromsaid plurality of encoding

nodes on the basis of said distortion values and )
encddi ng Ther aidsoe e8¢oder daccording ioe clagmp AP s ivliprein said weighted
updat ed accunmul at ed..di I: , epel n-sai :
table is arvslfa&eealégcﬁlg?/s‘;sagﬁq% lés) Lbzﬁ{ iﬁ‘{&?& p%égp_t ?%’{n&ug e‘srja_élllenS of said
sai d Vi dgefep@fRdfackSbloElsaNGMth WistoRY ivalhesaiate fWeighted for
encodi ng node for encoding said current nacrobl ock. )
33. The pverazing by weight &akiesomdiicly are pedporiomsd, to areas of said
conprising, - said table arrange for stqring. said .
accumul atrgﬁprg}cgtlg?qrp@lqclgsa I‘Yhégh 3&‘??% A ‘ésea s 5‘%856“635 forpgedicting
expect ed dj Fddt QhcYEBIY&c. associ ated with said

sel ect ed s?li(f]{éilg éel{;c]coglyng node, wherein said accunul at ed

di stortion value is preferably initially zero.34. The
processi ng device according to claim 32, conprising: -

a cod C CBTo&Fanar‘}eé(FF&e@PF’@Bled itk n‘flﬂego ?nggéefr diranged for
val ue f.orad%@‘ﬁpe %H&?éﬂlag InJRAE 108 I SaRPFIdR0 Oefncgaéxdbein% operable
di storti on val Ues and®encodi ng paraneters; and - sal

deci si on whKkwl gluﬁd’lftﬁllw%ﬁcédihgiiﬁd)(&istﬂoﬂ@n@ocﬁhglal current macroblock
encodi ng node fromsaid plurality of encoding nodes on

the basi @favd?@mm%on of said cost values. 35. The
g{ngff'tg‘,s%gfﬁrvdcgs?sﬁ?gc&é’vﬁé’é Mmpsifi 21 M 32, wherein said

- said video encoder;

- a distortion estimator arranged for estimating expected distortion
values due to potential erroneous transmission of said current
macroblock in dependence of said encoding modes;

- a decision module arranged for selecting a final encoding mode
from said plurality of encoding modes on the basis of said distortion
values and encoding parameters; and

- atable comprising an updated accumulated distortion value, wherein
said table is referenced by said spatial position;

wherein said video encoder is arranged for applying said final encoding

mode for encoding said current macroblock.

33.  The processing device according to claim 32, comprising:
- said table arrange for storing said accumulated distortion value,
which is updated by said expected distortion value associated with
said selected final encoding mode, wherein said accumulated

distortion value is preferably initially zero.



encodi ng nodes conprises at |east Intra encodi ng node,
sai d processing device conprising: - said distortion

we@saoroetioé arranged for estimating a di storti oPCEB2065/001501
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for Intra node encoding of said current macrobl ock
fromdistortion terns describing distortion due to
error conceal ment and distor?don due to a previ ous
erroneous transmtted macrobl ock. 36. The processing
devi ce according to claim32, wherein said plurality
of B8dcodilhg procrssingclepice aecording te£33im i%éftm&ﬁ@gbﬁ' ng

node, said g;@%ﬁ;ﬁ%ﬂ%ﬁﬁé&%ﬁeﬁﬁoﬂr aétLﬂlgih%rli%gagﬁt value for each

di stortidn for estim

di stortion ¥aldéend ModerrEthertidy @heid idixgorgionsailues and encoding
current macrobl ock fromdistortion terns describing

di storti on gamntetereyamdr conceal ment, distortion due to

a previous erronepus transmntted crobl oc afqg .
distortion &Rig 4e6iSLn H}O%Bfeo?fé%efiﬁ.r Sgb?.tmég iifal encoding mode
processi ng | €8dGAlE HOeldRdfiledmdidPen REPSiNoS&ic8mparison
di stortion ?Ig)}ﬂmg%eigri blji%}ng esai d (%?ﬂgt ortion due to

error conceaf sddicostorghudsses a devi ati on val ue obt ai ned
fromsaid current macrobl ock and a co-1| ocated

macr obl ock at a previous frane applicable for error

concgal t i L L | t&14if] 8] Refeth said plurality of
err eong}fer @L&gren&%% gﬁﬂg‘% Iag%c?fglm tg r O%FAOC K 38 The © ty.
processi ng coaisGRodscdihiprizgs hioleadtdntra 8hcoditemeide, id processing
distortion termdescribing said distortion due to

previ ous daViGIROBUFISIAZGINSM tted macrobl ock conprises a

di stortion val,ue est.inmated r Qek .8 . . 1
ot ov ous T r Sni- Siforlip Ritlafof fpaRE KA L affacie & distortion value
erroneousl! Y foPNiflrAmidde Rabbdihd W ¥aidurirfedt atacngblock from distortion
erroneous transm ssion of said macroblock. 39. The . .
processi ng dewnsdesatibiveddistpriion duaiteneasT capegadmanisgidydistortion
distortion termdescr.i bing said, distortion 0

error pr opaélé'FitBﬁ EBYRPS %%gneé)us teanSmied macrggl%cf(.

—

36.  The processing device according to claim 32, wherein said plurality of
encoding modes comprises at least Inter encoding mode, said processing
device comprising:

- said distortion estimator arranged for estimating a distortion value
for Inter mode encoding of said current macroblock from distortion
terms describing distortion due to error concealment, distortion due
to a previous erroneous transmitted macroblock and distortion due

to error propagation.

37.  The processing device according to claim 35, wherein said distortion
term describing said distortion due to error concealment comprises a
deviation value obtained from said current macroblock and a co-located
macroblock at a previous frame applicable for error concealment and a

probability value relating to erroneous transmission of said macroblock.



wei ght ed average distortion value determ nable from
di stortion val ues of reference nacrobl ocks at a

w@e@viotuge frane, which are used as references BOTIB2006/001501
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determ nable froma notion vector, wherein said

di stortion termdescribing said dlstortlon due to

error propagati on conprises éﬁdltlonally a probability

value relating to a non-occurrence of erroneous

transm ssion of said macrobl ock. 40. The processing

devi ce according to clain139 mherein sai d meighted
stortion v lue is o ed fro gtort

Sur R e PrpckSing Fele, ot B Sididyn T3 i @i s istortion

val ues argNeigtisie fs‘&'id AVR6HBh "tﬁlebtb Wv%ﬂs YRbMR%s transmitted
whi ch are proportlona to areas of said reference
macr obl oakasroblock ltompeiaes adistartienl vakierestimataddes afpacroblock at a

predicting said urreni}ﬂqr’ﬁacr obl o k 41 The rocessi ﬁg
and a

devi ce adtbYi@PHdr4BCcM: ggpo ¥ TSI UET FEHEeY

esti mat or,

val ue o Ipl? aﬁ}g@:ﬁaé%gfe%ﬁﬁ{r%)tgaeﬁ'fdﬁgoﬁﬂer?%ﬁlﬁﬁﬁ bF 84 macroblock.
accordance vvlth foll ow ng equatl on: D/ (T7,i) p -
(F(n,i)-F(n~V)) 2 +P-D ¢ (n-U);where i s a packet

| os 539p prqcyssnp,g ,dgvygefa(cgﬁ%hmgj%@}alm 36.swherein sald distortion

macr obl OCtgm@ U8 odidon Sl 1S SEARSHENELSEn compries a

macr obl ocK I n casée ferror ree I ansm s

processi RPeigRiedCH cRgfe0ldiorton FaklcaddrerBfinalib ek @hndiS@ttibn values
di stortion estimator arranﬁed for estimating said

di storti o vefergace dnamblaqc @rﬂto@hmgvmele&amg, opuelabire used as
in accorda ce vvlth

b Do n- el endih ot SHeERBRIETRE 5 mifion Bisigr ; whgein seid

termr eSLHlﬁtbﬂgorf e EddsLHbREORAE a&l'sﬂﬁ‘tlo@rkﬁle[)% Nfdr phopagation
is a weighted average channel distortion of
comprises additionally a probability value relating to a non-occurrence

of erroneous transmission of said macroblock.

40. The processing device according to claim 39, wherein said weighted
average distortion value is obtained from distortion values of said
reference macroblocks, which distortion values are weighted for
averaging by weight values, which are proportional to areas of said
reference macroblocks, which areas are used as references for predicting

said current macroblock.

41.  The processing device according to claim 35, wherein said distortion
estimator arranged for estimating said distortion value for Intra

encoding modes is operable in accordance with following equation:

D, (ni)=p- Y (E(ni)~F(n-1,0)" + p-D,(n~1,1);



al | macrobl ocks that said current macrobl ock uses as
reference. 43. The processing device according to

w@b@834¢ wherein said cost cal cul ator arr angedr/fB2006/001501
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determ ni ng said cost values for each encodi ng node is
additionally arranged for, for each encodi ng node, -

determ ning a quanti zation dP3tortion val ue resul ti ng
froma quantization operation applicable on said

current macrobl ock; ovi di ng, a Lagrangi an, par aneter
associ at edhesp tzh is d)aéfﬁ)%‘ohlisﬁg?r palityp o2 H%rﬁ)%fm’%ﬁ nypber, 7 is a
requi red for encodin a|d rrent macro

accor dand@pacipllack augn %&”%d%a rﬁ?ﬂlsg'ufi@?em?ﬁrﬂplﬁﬁk 1n case
sai d cost .val u%rg Q de endence fromsaid quantization

di storti & SPRF SR angi an parameter, said

nunber of bits, and said distortion val ue associ at ed

with said encodi ng node. 44. The processing devic

accoti ngfheoprdcassing e vichexcepndingial clasat 3@aWb91r€m @ﬁld distortion
arranged for determ ni ng.sai %}cost vaL r..one

encodi ng SHHERIQIUEATEREES; T p PYHEATRS, eq]lé GHeRy g gfor Inter
in acco r 8&%‘ r;-lgdefsqg log&‘aﬂg: 1ﬁqu@($ﬂd91'ﬂce With %ll&ﬂlrig)eqlﬁﬁ)ﬁon

(n,i)+l node Is a distortion'v
caused bqu’U@,r}t)l_@L oD, (e ()q,lb) i(&(am-erpect ey’ + p-D,(n-1,0);
di stortlon va {Jerm n&d i n cordance with said

one encodj, éﬁ I) annTher ,8ditiBhis téﬁhﬂtreﬂﬁlﬁh% H6m error
g (v

used for encodlng rent macrobl ock, and 11

Lﬁeaghigé?ﬁg' GRS BT Dl 0TI SPIRCAERRTE ihcP Bsforcion of
Sar a vi ac deamn ol AREaAREF nitkhb SR RS FIEOREL-

encodi ng nodes for encoding a current macroblock of a
vi deo sequence; said system conpri sing:
43. The processing device according to “claim 34, wherein said cost

calculator arranged for determining said cost values for each encoding

mode is additionally arranged for, for each encoding mode,

- determining a quantization distortion value resulting from a
quantization operation applicable on said current macroblock;

- providing a Lagrangian parameter associated with said encoding
mode and number of bits required for encoding said current
macroblock in accordance with said encoding mode; and

- determining said cost value in dependence from said quantization
distortion value, said Lagrangian parameter, said number of bits,

and said distortion value associated with said encoding mode.

44, The processing device according to claim 34, wherein said cost
calculator arranged for determining said cost value for one encoding
mode out of said plurality of encoding modes in accordance with
following equation:

J = Dy(n,i)+ D (1,0) + A oq, - RC) 5



said video encoder; a distortion estimtor arranged
for estimating expected distortion values due to

w@oaogiilaé erroneous transm ssion of said currBEI/1B2006/001501
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macr obl ock i n dependence of said encodi ng nodes; - a
deci si on nodul e arranged for selecting a fina

encodi ng node fromsaid plurépity of encodi ng nodes on

the basis of said distortion val ues and encodi ng

paranmeters; and a table conprising an updated, .
accumul at Whewi By Bik isohdistartien vanercapsedshy quantinaionsDe(n,i) is an
reference ai [ osi.tion: wherein.said . .

vi deo enc%%g¥k§sdgpigﬁéeganr&%%%ﬁgy%dns35%99?%§I“mh'Smd one

encodi g ¢MREigomoaCRAE BGusitedl of Bits SRAt WBSTIAR Q6. for encoding
46. The systemaccording to claim45, conprising: -

sai d t abl sidevenrfadadroblosk oaridign.sdb d lagrangidmpadmeter preferably
di stortion value, which is updated.,by said expected

di st or t | SHeRPARE At P BriMEmOdPY el ected 1 nal
encodi ng node, wherein said accunul ated distortion

value is preferably initially zero. 47. The system

accofdi ngAtsystehmamarged foorpaptsiengicodmgansie sakctibmbperable with

arranged for,deternining a . cost value for each . .
encodi ng huHEOSMCOAR 53 Wdge ensqdsr feingoprsrableywith asplurality of

and encodi : i |.Si le. )
arranged TRpoRR AORE on i 8 blin AR A OBIOTREY sideq spauence:
pl ural i t ysaid sysnendongrishges on the basis of a

conpari son of said cost values. 48. The system
accor di ng- t §2i¢| dfiee gEcodgFierein said plurality of

ggic gd Ip P g c_rens? %,Ie ﬁi&fog‘ggl Le%ﬁﬁlggptg ] Jing a%:dl £ réas,ti(ra’r{]a%ﬁ%i Q}&)e%%%edistortion
values due to potential erroneous transmission of said current
macroblock in dependence of said encoding modes;

- a decision module arranged for selecting a final encoding mode
from said plurality of encoding modes on the basis of said distortion
values and encoding parameters; and

- atable comprising an updated accumulated distortion value, wherein
said table is referenced by said spatial position;

wherein said video encoder is arranged for applying said final encoding

mode for encoding said current macroblock.

46.  The system according to claim 45, comprising:
- said table arranged for storing said accumulated distortion value,
which is updated by said expected distortion value associated with
said selected final encoding mode, wherein said accumulated

distortion value is preferably initially zero.

47.  The system according to claim 45, comprising:



said distortion estimator arranged for estimating a
di stortion value for Intra node encodi ng of said

wa@ woreniizéracr obl ock from di stortion terns descPCDiBrg06/001501
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distortion due to error conceal nent and di stortion due

to a previous erroneous tranﬁy‘itted macr obl ock. 49.

The system according to claim45, wherein said

plurality of encodi ng nodes conprises at |east Inter

encodi ng node, saiagqu;fr ocessi ng_ device conprising: said
distortion @stostesadulalpr SHGRECG dor dsfermmingq gost value for each
di stortion n [ s -
current mactaryak Fodshbiing B EESAL AfoflortPiles nd encoding
di stortion gdmnh&@ell st conceal ment, distortion due to

a previous erroneous transmtted macrobl ock and )

di stortion @aid desiser srodyle paargddoter sslpcting moinglesncoding mode
arranged for. adaptive encodi ng srode sel ection . .
appl i cabl e WS ld\ﬁ\i}irél DGR gpding doge Pﬂéiée E?ﬁ}%%f“ comparison
bei ng oper afgaii dobt walidsur al ity of encodi ng nodes for
encodi ng a current nmacrobl ock of a video sequence;

wherein said nodule is arranged for controlling said

vi deq, encqder; said nodul e conprising:-.a distort.ion )
est i‘Hat or [t FYSigRACPBIRE £ ﬁ%l‘rgﬁnjgssa e“x’n‘%‘éeltne%?l@ifé‘ﬂr&ilm g encoding
val ues d j . 1 8SI [ .
curront  Haoh S, PIREAd 1664 1068 SAcOdiAR TS SR focBi dovice
nodes; - cdngeisisg:on nodul e arranged for selecting a

final encoding node fromsaid plurality of encoding
nodes on t h&3iHadisoriien sstirgater #ienged Forvestimatingng distortion value

encodi ng pa rs,; 7 . |.Si . .
updat ed accﬁmﬁe%oggg %O_r n?%%flg%alﬁlf e?ﬂ%é}a&ﬂ%@%{l gom distortion
table is retaignégdribmgsdbtdrisiialindto BESH tbdbalment and distortion

due to a previous erroneous transmitted macroblock.

49.  The system according to claim 45, wherein said plurality of encoding
modes comprises at least Inter encoding mode, said processing device
comprising:

- said distortion estimator arranged for estimating a distortion value
for Inter mode encoding of said current macroblock from distortion
terms describing distortion due to error concealment, distortion due
to a previous erroneous transmitted macroblock and distortion due

to error propagation.

50. A module arranged for adaptive encoding mode selection applicable
with a video encoder, said video encoder being operable with a plurality
of encoding modes for encoding a current macroblock of a video
sequence;
wherein said module is arranged for controlling said video encoder; said

module comprising:



wherein said nodule is arranged for instructing said
vi deo encoder to apply said final encodi ng node for

we@p@oaigs sai d current macrobl ock. 51. The nodedEIB2006/001501
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according to claimb50, conprising - said table

arranged to store said accunul ated distortion val ue,

which is updated by said exﬁ@cted di stortion val ue
associated with said selected final encodi ng node,

wherein said accunul ated distortion value is . .
pref er ably 4 miistoriony estimasor srangesk foroaiimmating: s¥pRSiRY distortion
cl ai m 50, conprisjng; - ost I at., : -Qr

det er mi ni ng” %%é*wv§1&nggﬁ?éhéﬁwéﬁ%dﬁ ﬁaﬁ%% eggﬂs%ﬁecunmﬁ
basi s of saj,d. b%&gﬁ'd@ﬁgﬂﬁ@hw&s’aﬁweﬁmﬁg A®des;

paraneters; and sald decision nodul e arranged for .

sel ecting aa fdenmlore nuaisiengrranghsl foropslscting pl finall engpdygse mode
encodi ng nodes on_the basis of . .a ari s

. f. i . .
cost val uesirompsaidrphuralify of gngl%gg %? 508 tgig g%hs ég l’saﬂd distortion

wher ei n sai galﬁéyéx?dn%ﬁc\éggfg&?ﬁﬁgﬂe@aﬂ@des conprises at

| east Intra enco sal d processi ng device )
conpri si ng: a tatt@temgrisingahivpdated tacomnolateal distogideh yane, wherein
estimating a distortion value for Intra node encoding

of said cursaftabiedyskrengediyss *’i‘@%f??%ﬂ?%rrrs

descri bi ?Yﬁ"egiﬂi‘t 5(%5)& ig{)orziu?euies $Parffel For GRAARAN smi(% ?{eﬁgbo encoder to

di storti previ-ous roneous tra

macr obl 0Glplyadhid Fis ¢HRAding ndedeoiod iefgoding siidicarish macroblock.
wherein sard plurality of encodi ng nodes conprises at
| east Inter encodi ng node, said processing device

conpri sing: said distartion,estidimt nged for
est it | ﬁgiednaﬁ‘g'ﬁaff?fgwg\i‘gﬂ%nlr %@Pﬁ{pégh{ré de encodi ng
of said curggntPRGHABbAE Jt6:@Batl sdcaftlaed distortion value, which

is updated by said expected distortion value associated with said

selected final encoding mode, wherein said accumulated distortion

value is preferably initially zero.

52.  The module according to claim 50, comprising:

- a cost calculator arranged for determining a cost value for each
encoding mode on the basis of said distortion values and encoding
parameters; and

- said decision module arranged for selecting a final encoding mode
from said plurality of encoding modes on the basis of a comparison

of said cost values.

53.  The module according to claim 50, wherein said plurality of encoding
modes comprises at least Intra encoding mode, said processing device
comprising:

- said distortion estimator arranged for estimating a distortion value

for Intra mode encoding of said current macroblock from distortion
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terms describing distortion due to error concealment and distortion

due to a previous erroneous transmitted macroblock.

54.  The module according to claim 50, wherein said plurality of encoding
5 modes comprises at least Inter encoding mode, said processing device
comprising:

- said distortion estimator arranged for estimating a distortion value
for Inter mode encoding of said current macroblock from distortion
terms describing distortion due to error concealment, distortion due

10 to a previous erroneous transmitted macroblock and distortion due

to error propagation.



