.2 7 JUL 2005 *166166* 1 A Method for Conputational G aceful Degradatlﬂgéln
an Audl0V|suammeMWMmmmen System This invention is useful in 2a7ndUlt 2Wedi a

encodi ng and d i ronnent where the conputational denmands for
decoding a bitstregy. s not well defined. It is also useful in cases
where channel capacity is limted and sbne formof quality of service
guarantee is required. It is also useful for inter working between two
vi deo sefvi daEhgd di§9%r cRPPREBELPRBAS. CrRcREUdonPesTiadationcasie: ofan

sof t war e _.degodi,n o] sone form of graceful degradation when the
systemr é?%%?|9§H%E§%§¥%9é%¥s?%mfully decode all of the video
bitstream These degradation ranges frompartial decoding of the picture
el enents to dropping of conplete pictures. This is easy to inplenment in

h f. a.sl ' I h d | SQ | SC2 WGL1
standar o o eed el SECSEEETEE UL ERRRR  Sr St S aatoqus
obj ect s. enﬁq§ggﬁgﬁ% %H@réokﬁkac88ﬂéﬁééﬁ¥o£ 9UH%§gEﬁ%s.ﬂxrlgp?er de end on

one Si ng e stream but on nulti p e reans n conpressi on sys as

MPEG i, MREGrzeahfl MPEGE. wa11hi gbr degyee ek tiemofal ﬁEQEHgaqﬁy ééségnnved

by enpl oying notion conpensation. It Is intuitive to see that successive

pi ct ur es whera %M@ﬂhéﬂﬂﬂﬁﬁﬁﬁiﬁy|ls(Iﬂﬁﬁﬁéﬁ\&ﬁd/éﬂd@|E3rm of quality of
service guarantee is required. It is also useful for inter

working between two video services of different resolutions.

It is_common in the case of software decoding to employ some
form of graceful degradation when the system reséurces is not
sufficient to fully decode all of the video bitstream. These
degradation ranges from partial decoding of the picture
elements to dropping of complete pictures. This is easy to

implement in the case of a single video stream.

In the proposed new ISO/IEC SC29/WGll standard of MPEG-4, it
is possible to send multiple Audiovisual, AV, objects.
Therefore, the total complexity requirements no longer depend

on one single stream but on multiple streams.

In compression systems such as MPEG-1, MPEG-2 and MPEG-4, a
high degree of temporal redundancy is removed by employing
motion compensation. It is intuitive to see that successive
pictures in a wvideo sequence will contain very similar
information. Only regions of the picture that are moving will

change from picture to picture. Furthermore, these regions
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«information. Only regions of the picture that are noving wll Shange from
pirctuge to picture. Furthernore, these regions umus~~m *cooooz* 32 7/ jju
2005 2 usually nmove as a unit with uniformnotion. Mtion conpensationTs
a techni que where the encoder and the decoder keep the reconstructed
picture as a reference for the prediction of the current picture being
encoded or decoded. The encoder mimgs the decoder by inplenmenting a |ocal
decoder | aop. Thus, 'keeping the reconstructed picture synchronized
bet weet&Ufe lehc deYe ands de@odeni tThevidit oderi fxerd ormst Bosear chmbetoa bl ock
in the reconstructed picture that gives the closest match to the current
block.qﬂmﬁgnq%§%ﬂﬂrﬁfeﬁuﬁﬁﬁk@lg¥etﬁbﬂr@oﬁ%@t%@CQ@erpaedltheodgdoﬂéarence
bet ween t he qggion conpensat ed_bl ock and the current block being encoded.
Since thermotion & Eﬁ%ﬁF?ﬁoch?Euﬁ%ai¢%b:% ¥9f¢h@?@?ﬁpﬁeglahge;2§ e

ode |y needs to send the location o IS oc
br odi oSG AL SrbeChE (NG TSt GRLt Pothe Pata oraded rex biogRdes .
tiaon _vector.. The predictjon differenc
comoniy FePeRY lxite S M- B Skl eBanE o o1 Ori2é: F8FodPRese
i nf or mbioen reﬂHﬁé?skE%ﬁiﬂﬁtéhéOré@BHsEQﬁEtggeﬁ¥g€G¥g é@ggﬁrohgggd

between the encoder and decoder.

The encOdef performs a search for a block 'in the reconstructed
picture that gives the closest matéh to the current block that
'is being encoded. It then computes the prediction difference
betweeq-the motion compensated block and the current block
being encoded. Since the motion compensated block.is available
in.the encoder and the decoder( the encoder only needs to send
the location of this block and the prediction difference to the
decoder. The location of:the block is commonly referred to as
the motion vector. The prediction difference is commonly
referred to as the motion compensated prediction error. These
information requires less bits to send that the current block

itself.

In intra-picture coding, spatial redundancy may be removed in
a similar way. The transform coefficients of the block can be
pPredicted from the transform prediction of its neighbouring

blocks that have already being decoded.

There are two major problems to be solved in this invention.

The first is how to indicate the- decoding complexity -



. Inintra-picture coding, spatial redundancy nay be renoved in a gini#a&mﬁ
way. The transform coefficients of the block can be predicted fr J1g %
transform prediction of its neighbouring blocks that have al ready being
decoded. There are two nmjor problens to be solved in this invention. The
first is howto' indicate the decoding Gonplexity 2 7 JUL 2005 3

requi rements of the current AV object. In the case where there are

mul ti pl e BRABLFERERES; RE Eb?t%‘ﬁ’ér%‘%o@éro%t dedifdéhgogasaucheresthere

hould b ' ' i cul bj ect d_whi bj ect should h
it e R Tl T
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compl oxi 5o Batr PaREnEe “EPUE RS BLyahrtP<R CRpERHEN SBroPhEST ARG  on
f the d ; ' : pat | i npl tati b
e S SRR e A S N S LR T

i ndependepy GQARN EXHeY JHHFIUE tiys ffcﬁ.gi.f@rgengg'eogeﬁﬁgds <Qrlem ipg'ﬁieb%to

reduce conplexity requiremnents i'n decoder. This dedl's wth néihod

of reducifg bhendreEp|lexid yikequatenRi chfiplde: 6C2dLN9 rBHARRSS oMl
retaining as nuch of the information as possible. Oneé biggest problem in

gracef ul degoddatiendésentienpr ohl €he of msréfiéncatse §Y tBEPESoddr-t hevn

notion conpensation. Wen graceful degradation is enployed the

reconst r uspedapichutkat sisncomplexefor o Simplementation may be simple
for another implementation. Therefore, some form of

implementation independent complexity measure is required.

The second problem is how to reduce complexity requirements in
the decoder. This deals with the method of reducing the
complexity requirements of the_decoding'process while retaining
as much of the informatiqn as possible. One biggest problem
in Qraceful degradation is the problem of drift caﬁsed by
errors in the motiqn compensation. When gracéful degradation
is employed the reqdnstructed.picture'is incomplete or ﬁoisy.
These errors are propagated from picture to picﬁure resulting
in larger and 1larger errors. This noise propagation is

referred to as drift.



. These .errors are propagated from pi i i i
_ ( picture to picture resultin in_lLar
SBSSIngerAgggogs. TPIStROISe propagation is referred to asgdrif?7 er2W@L
- rding to e invention in a first aspect, the i r ovi
met hod for encoding a visual object, co sing: b di ANIR Rt
_ , nprising: encoding a visual j

tgtobtaln conpressed coded data, wherei4t% he conpressed goded dat a ?SJeCt
obt ai ned through at | east one of a plurality of different operatjons which

5 can be peig diﬁgéthQHe thviehsiKinkyfired 4 ied i i
: _ plcthhsieds poeited atmethodfageaeqding @
capabl e of |nc{u ng 1nformation of a respective paraneter rel atlﬁeﬁd {o t he

nunber of tine t.ha{t b said o [ [ [
_ - perations was perfornmed in
bl ocks, sa|VdS%§%%‘F‘f Ogl%:r S<ociated with a conpl ex!oty of decodi ﬁgu?lhfa °

conpressed coded data; .and. 1l ul i e et i
conpr essed PEOEES aifsé.‘gl %’é%cg }(ﬂ&?ltgl]ﬁtctg k%é‘%d]né\})g%? ia%tﬁ’ ‘iﬁﬁérgmstgéc g(milpﬂa&;ggkelgt , there

is provided, a method for encoding a visual J : j i |

8:51 ;:; ur \(/avﬁ 3 ecxmdpdi d tﬁ@th?g@bté‘ﬁ%ﬁir?l‘bgd tg‘?aétu%ﬂe 03811% rg H{ygo(%tgb?eg?ﬂgq%gﬁa}glrggésjggﬁggdg;
;o\ “the conpressed coded data is obtained through i

e?ch pi o8 ur @mite perfomedibn & plogk by blaskibssignd t hr ough per f or ni ng afe?rerggtl g%e

of a plurality of different operations on a block by block basis

generating gerdesekiaicteriptel capsise phinchidinginfesmaton ef #SPCHYE PHARRIG! sai d

operations Was performed during encoding said picture, said descriptor

associ at ed yg i teg: . . :
. d Wi dibi & HORRNE dftinds thaRastestdldepetdions wap perdera it Pht a-
mul ti pl exi ng %tgﬁe Jescrl pt or {NI tsh thg conpr esseed (rzlgdedpda?a. Idoaetidata; and

blocks, said descriptor associated with a complexity of decoding the compressed coded

data; and

10 multiplexing the descriptor with the compressed coded data.

According to the invention in a second aspect, there is provided, a method for encoding
a visual object having a plurality of pictures, comprising:
encoding a visual object to obtain compressed coded data, wherein the
15 compressed coded data is obtained through segmenting each picture in a plurality of
blocks and through performing at least one of a plurality of different operations on a
block by block basis,
generating a descriptor related to the number of times that each of said operations was
performed during encoding said picture, said descriptor associated with a complexity of
20  decoding the compressed coded data; and

multiplexing the descriptor with the compressed coded data.

Preferably the operations of each aspect include at least one of: a block entropy
encoding operation; a block motion compensation operation; a block quantization

25  operation; and a block transforming operation.



Preferably the operations of each aspect include at. | east one of: a bl ock
entropy  encodi ng operation; a block notion conpensation operatidi; JU 2§0ock
guanti zation 25 operation; and a bl ock transform ng operation: 2 7 JUL 2005
10 In order to solve the problens the follow ng steps are taken in the
descri bed enbodi nrent of the current invention. The AV object encoder
encodes the AV object in a manner th.at, would, allow -different anmounts of
graceful. degradation to be enployed i'h the AV object decoder. Paraneters
relating to the conputational conplexity requirenents of the AV objects
"are 2 7 JUL 2005 11 transnmitted in the systens encoder. |nplenentation

i ndependent- conplexity neasure is achi eved by sendi ng paraneters that
gives an indication of the operations that are required. At the systens
decoder, estinmates of the conplexity required are nmade based on these
paranmeters as || _as t Lnpl tati t .hejn |_qyed._.The .
Fesour cor BcREdirer o PRb BaitBe EGE LS aB8: GSLAra it b hoasidhs o
the decoding of the. different, AV objects. In the AV object = decoder,
conputat?BnEgegﬁﬁééF& efe§ 85&P§H%iQ%eﬁgﬁoféﬁnﬁ%gnlqﬂ%? urces are not
sufficient to decode the AV object conpletely. Exanples of a nethod for
conput ati onal graceful degradation in

The AV object encoder encodes the AV object in a manner that
would allow different amounts of graceful degradation to be
employed in the AV object decoder. Parameters relating to the

computétioﬁal complexity_requirements of the AV objects are



n audi ovi sual systemw |l now be described with reference to the
chonﬁ nyi ng dra&ﬁngs, in which: Figure 1 is an overall bl ock dkdbﬂﬁhﬁﬂ%
t he cufrent i nvention; Figure 2a shows an exanpl e of an encoder of the
current invention; Figure 2b shows an exanple of a decoder of the current
invention; Figure 3 illustrates the enbodi ment of the sub-region and the
notion vector restriction of the currepj invention; Figure 4 illustrates
t he enbodi nent for the pan-scan vectors and the sub-region dinmensions in

the currémansimizertl tn;tie EyHder20@ncberti QUi Sndhd AstdRties Refond
enbodi ment for the padding method of the notion conpensated prediction at
the subceegilexibyuneasyreans adhiipred by kbnsinat psriher 8904 agram for
the Conplexity Estimator. Figure 1 shows an overall system bl ock di agram
of the cafréndicrhdent Pén thehepereddensmitate axkl Geiigedes the video
sequence to allow conputational graceful degradation techniques. The
output of the encoder is a coded representation of the video sequence that

i i encodi ng buffer, 120. At the
'S placegtlgh%h%ystems ecoder, estimates of the complexity required

are made based on these parameterzs as well as the
impiementation methods being employed. The resource scheduler
then allocates -the appropriate amount of resources to the
decoding of the different AV objects. In the AV object
decoder, computational graceful degradation is employed when
‘the resources are not sufficient to decode the AV object

completely.

Examples of a method for computational graceful degradation in
an audiovisual system will now be described with reference to

the accompanying drawings, in which:

Figure 1 is an overall block diagram of the current
invention;

Figure 2a shows an example of an encoder of the current
invention;

Figure 2b shows an example of a decoder of the current
invention; |

Figure 3 illustrates the embodiment of the sub-region and
the motion vector restriction of the current invention;
Figure 4 illustrates the embodiment for the pan-scan
vectors and the sub-region dimensions in the current

invention;



sanme tinme the video sequence and the coded representation are
to theyconpl exity paranmeter encoder, 130 where the paraneters

al so passed

assdaclUat 2005

with the. operation that are required for decoding is conputed and
encoded. These information together wth the output of the encoding buffer

are passed to the System Encoder and Ml tipl exer nodul e, 140,

where the

system nultiplexed streamis fornmed apg transmtted through the

transm ssion nedia, 150. The Demul tipl exer and System Decoder
then receive Fhgusyss e hustiptexarthsigeRRMd WhBbEimbRe Pb KL

nodul e, 160,

¥AdFing

demul tiplexed into its respective elementary streans. The vidéo el erfentary
streamis paswethed thé Debedimotiduf fermpdifatedd gl toideXxidty the
parameters are passed to the Schedul er and Conplexity Estinator nodule,
180. From t heSubetsdifg Betndarvhe aviddeo el enentary streamis passed to the

Decoder nodul e, 180. The. decoder waits for the commands coning

fromthe

Schedul er nodfit@UBEf brel HaebuRkES the hapk od agrarEsiamiher Compdextitoy
anount of decgqder, cggg;tational graceful 2 7 JUL 2005 13 degradation that

is to be enpl B§EYT2

utational graceful degradation is achieved in the

decoder by decoding only a sub-region of the conplete picture that is

deened to contain the nore inportant information. The encoder

/ L fti t der_ t
Condi 11 oneo R B heBRirAcCOCERLLBTRRE Radike Cara Pl see

will have to

e

current

invention. The encoder module, 110, encodes the video sequence

to allow computational graceful degradation techniques. The

output of the encoder is a coded'representation of the wvideo
Sequence that is plaeed in the encoding buffer, 120. At the
same time the video sequence and the coded representation are
also passed to the complexity parameter encoder, 130 where the
parameters associated with the operation that are required for
decoding is computed and encoded. These information together
with the output of the encoding buffer are passed to the System
Encoder and Multiplexer module, 140, where the system
multiplexed stream is formed and transmitted through the
transmission media, 150. The Demultiplexer and System Decoderxr
module, 160, then receive the system-multiplexed stream, where
the bitstream is demultiplexed into its respective elementary
streams. The video elementary stream is passed to the Decoding
Buffer, 170, and the complexity parameters are passed to the
Scheduler and Complexity Estimator module, 180. From the
Decoding Buffer the video elementary stream is passed to the
Decoder module, 180. The decoder waits for the commands coming
from the Scheduler module before decoding. The Complexity

Estimator gives the amount of decoder computational graceful



i nformation to the Schedul er and Conplexity Estimator so that the
|nformat|on may be used to estimate the conplexity of the next pRqtuuie.2g0s
The following is the enmbodi nent of the various nodul es iI'lustrated in the
above invention, 100. Figure 2a is a block diagram of the encoder in the
current enbodi ment. The input picture is segmented into blocks for _
processing. Tenporal redundancy is renpyed fromthe picture by subtracting
the notion conpensated picture of the previous picture fromthe current

donmai n
pi ctur e. dEbeapredbet itom i {4 eEgngp én@ﬁggéhc Oeﬁ?%ﬁﬁé@&bﬂ&? hh}s REl

in the DCT nodule, 111. The resulting clents are then quantlzed

in the Qugrbdaatiban idutieldd ietBdaddzRIE 06T delerlis rgni}p
entropy coded in the Variable Length Coding (VLC) nobdul e, ?a formthe

conpr essedbeuegibnbioff's tuheanonipies e COUEt u B SEhAKAS1 s adb&ral ésceeﬁrcaﬁop
conprising of an Inverse Quantization nodule, 114, an |Inverse DCT nodul e,

115, a FEhee ®ms elmeﬁtanandlraEcmnamr(brrpen&at emocm@ﬂum,lllﬂavér hed ocal
decoder. | oops mmcs the decoder operations by inverse quantizing the
coeffi cCi @ﬁ?geahdtlthe #rgeied mnd desaden firomt drel Sping alpadonainde? Fhéde 2005
14 in the lLnverse Quantization and Inverse DCT nodul es respectively. The
out put i SPPRERIGREed %St?ﬁedGGPEGPQOftbﬁedewﬁﬂE§andn@engésedfﬁadbhekto

forn]thei£ 8982%588tgo gthgcgeduler and Complexity Estimator so that

the information may be used to estimate the complexity of the

next picture.

The following is the embodiment of the various modules

illustrated in the above invention, 100.

Figure 2a is a block diagram of the encoder in the current
embodiment. The input picture is segmented into blocks for
processing. Temporal redundancy is removed from the picture
by subtracting the motion compensated picture of the previous
picture from the current picture. The prediction difference
is then transformed into the DCT domain in the DCT module, 111.
The resulting DCT coefficients are then quantized in. the
Quantization module, 112. The quantized coefficients are then
entropy coded in the Variable Length Coding (VLC) module, 113,
to form the compressed output bitstream. The encoder also has
a local decoder loop comprising of an Inverse Quantization
module, 114, an Inverse DCT module, 115, a Frame Store, 116,
and a Motion Compensatibn module, 117. The local decoder loops
mimics the decoder operations by in&erse quantizing the

coefficients and transforming it back into the spatial domain



o : : : "y
This picture is stored in the Frame Store for notion conpensa 4@% @@ﬁ
nextogt ture. In this invention the encoder nodul es of Mbtion ép? t

and Mtion Conpensation, 117, are changed so that conputational
é%g&eful degradatigﬁ may be perforned in conjunction with the notion
conpensation wi thout causing drift. Figure 3 illustrates the current _
invention, 'which segments the picturesinto two parts. The first part Iﬁ a
sub-regi on, 220, that nmust be decoded in the decoder regardl ess of whet er

conput at ii#hal t acéfuerdeyr adaenbnzasienpl ey@d ornve@tse ThecTseqpig,paLrt is
thgpreglon out%?de of the sub-region, 210, which may be di scarded by the

decoder %ﬁ@PQS&ﬁM9nﬁl(Nﬁ@eg¢@EEﬁUIlSdegeadadded s el eyrputFigrirend al so
show two_hbl qcks that are used _for notion conpensation. Wen notion
conpensat P&t s CPRFHIRRA Ao bEoER £ham thsi desonst vt eslilpiegingn, 250,

hi n
nDtlon ensated redi ction block nust also cone from wt
tﬂgnsub ?Q Fon B %ng %ﬁcﬁﬂ?ethQI6ﬁﬁ@ﬁ\mﬁﬁﬁrettﬁpnnnmqnnmmctor

is not allowed. This is referred to

26
o 2&%‘*&?58%%@&%# '%Ftnsxat RICHITR, weh SFocinyesties ahai de
h b- [ onpensa [edICtIOH bl ock can cone rom
;nsm;greéﬁgha% %Pér%%gquécﬂ@?elnghl %ém? éogane a8/ wherd t Matdas  no
sub- reglQBmpgnga@95n20Q§7%5are changed so that computational graceful

degradation may be performed in conjunction with the motion

compensétion without causing drift.

Figure 3 illustrates the current invention, ‘which segments the
 picture into two parts. The first part is a sub-region, 220,
that must be decoded in the decoder regardless of whether
computational graceful degradation is employed or not. The
second part is the region outside of the sub-region, 210, which
may be discarded by the decoder when computational graceful
degradation is employed. Figure 3 also show two blocks that
are used for motion compensation. When motion compensation is
performed on a block that resides in.the sub-region, 250, then
the motion compensated prediction block must also come from
within the sub-region of the reference picture. 1In other words
“the motion vector pointing out of the region, 260, is not
allowed. This islreferred to restricted motion vector. On the
other hand, when a block resides outside the sub-region, 230,
the motion compensated prediction block can come from anywhere
in the reference picture. This is the same as where there is

no sub-region.



FiQure 4 shows the embodi ment of how to indicate the sub-region within

ach picture. In order to specify the rectangular sub-region for. C
Sictufg the follow ng parameters nust be specified for each p!gﬂuii-gﬁﬁ be
encoded in the picture header of the conpress bitstream In Figure 4, the
pi cture, 310, and the sub-region, 320, is illustrated. The horizontal
offset of the left edge of sub-regionifromthe left edge of the picture,
330, and the vertical offset of the top edge of the sub-region fromthe

top edge Rifguree 4psbbuseth84@nbed EmSiOWE hEREEE 1N@icRHEE AHL e - &fgshed to
as the pan scan vectors, are used to indicate the location of the

sub-regi GHtHe okdihpigstrand (e dwdght to3Gdedffyt hehsul-dagi:RuBLL t he
second set of paraneters that are required to specify the di mensions of
the subSUSgiTEYiam fpr ekl Dh©©urﬁehheofolhbwingvpataqate&hemﬁgﬂ(Hb
vector for a _block in the sub-region need not be restricted. It is
al | oved RSSOt DEPTorFRePebUF@ Fsh kst enfiededf énetlve pinitoite dieddmever
paddi ng i% r %uired. This.is illustrated in Figure S. Again 410 and 420
i ndi cat eS™t ﬁg‘ pF8WBF855n§1FﬁEre§E‘b- r €9 %%ﬂuzﬁﬁectth@hé?ftl-ﬂﬁ;% rﬁjtc]ic,otrahr;d
conpensa dicti.on, 0, .is,shown straddling the boundary o
sugPr egi tgﬁg %Hg_&-%%rlgponj’éﬁ’t ha bfg‘éﬁt’r‘%’é‘?@r ngktﬁjthsqliiez%taﬂh?)hfsﬁﬂﬁtr eff on],c
431, is t d edi£t1.00. and.is padd repeatjn e value o
the pi xeItﬁfgoa%ggaﬁagﬁeggdgggo¥ggﬁ§nsﬁﬁqpe@?%ﬁeél)%eed% tqéor’f%eopltquénfﬁfock
residingsizo,t BRASERa"68LENCLE YBELeW SPMle ALY edge of the sub-region
from the top edge of the picture, 340, are shown. These two
parameters, referred to as the pan scan vectors, are used to
indicate the location of the sub-region. The width, 350 and
the height, 360, of the sub-region are the second set of
parameters that are required to specify the dimensions of the

sub-region.

In a second embodiment of this invention, the motion vector for
a block in the sub-region need not be restricted. It is
allowed to point out of the sub-region of the reference
picture. However padding is required. This is illustrated in
Figure 5. Again 410 and 420 indicates the picture and the
sub-region, respectively. The motion compensated prediction,
430, is shown straddling the boundary of the sub-region. The
-portion.of the block residing outside of the sub-region, 431,
is not used for prediction and is padded by repeating the value
of the pixel found at the edge of the sub-region. The portion
of the block residing in the sub-region is used without any
padding. The similar padding method is used for the rows and

columns for blocks located at the vertical edge and horizontal



addi ng. The simlar padding nmethod is used for the rows and columms for
Blocksglocated at thepvertigal edge and horizontal 2 7 JUL 20052%6JUledfps,
respectively. Like the first enbodinent, this would also enable
conput ati onal graceful degradation nethods to discard the portion of the
picture outside the sub-region wthout causing the encoder and decoder to
drift apart. Apart from notion conpensagi on that may cause drift in inter
bl ocks, intra blocks at the top and Ieft boundary of the sub-region are
al so r esedget, edebpertisedy .anyike oclks M eabodimehe , SHR1 EagbeIy A s0
prediction. This is because in the conputational graceful degraded
decoder, erRdde Islomuky: atoidnh hograbefubcddgtadadibhumetheder ed GiiLuncannot
be duplicated. This precludes the conmonly used DC and AC“coeff|C|ent
predi cti 5Re fRYRs R ngfenphoy @i dauneeovhedder .tHe ganb-2bgiibhusiitaies: t he
Decoder bl ock diagram The enbodjnment of the decoder enploying

conput at FBHELGr & GPCQQﬁﬁ%ﬁﬁﬁi@ﬁ?Q@ﬁﬁkﬁnndnﬂﬁt!&p&xtJhe conpressed |
bitstreamis received fromthe transmssion and is passed to the Variable
Lengt h Decoder nodul e, 1-91, where the bitstreamis decoded according to

h t d ropy .nethod used. The decoded information is then passed
:oet ﬁgncgésg‘?atf%%alnp SELI PR et | BRasena¥t sruUSegdriffieia tidacoded

i nfor mat },9B-kbel AngiNg L9LAG SYP-1ed Ogogias A a.lggg %%%n:[ aerydegsf)def‘:%e
sub-region are also restricted from using any blocks outside
of the sub-region fo: prediction. - This is because in the
.computational graceful degraded decoder, these blocks would not
be decoded and thus the prediction cannot be duplicated. This
precludes the commonly used DC and AC coefficient.prediction

from being employed in the encoder.

Figure 2b illustrates the Decoder block diagram. The
embodiment of the decoder employing computational graceful
degradation is described here. The compressed bitstream is
received from the transmission and is passed to the Variable
Length Decoder module, 191, where the bitstream is decoded
according to the syntax and entropy method used. The decoded
information is then passed to the Computational Graceful
Degradation Selector, 192, where the decoded information
belonging to ﬁhe sub-region is retained and the decoded
information outside of the sub-region is discarded. The
retained information is then passed to the Inverse Quantization
module, 193, where the DCT coefficients are recovered. The
recovered coefficients are then passed to the Inverse DCT

module, 194, where the coefficients are transformed back to the



I nformati on outside of the sub-region is discarded. The retained

i nf or
t he

coefficients are recovered. The recovered coefficients ar

passed to the Inverse DCT nodule, 194, where the coefficients are
transforned back to the 2 7 JUL 2005 17 spatial domain. ‘The notion
conpensated prediction is then added g formthe reconstructed pictur
The reconstructed picture is stored in the Frame Store, 195, where it

used for spatE gl edomainn of ThdembeXbnPi ddichs ks I\@i.é@{lcgggﬁgq?té}?&

nodul e,

196, perforns the notion conpensation according to t

enpl oyed addeachec@ntoder thien tdworstrsictasdogi sette Of ke aRCASIEs L MhSr
notion vector is restricted, no additional nodification is required 1n the

decoder . PAftie d6cshdaredbddi hbat Foime et encodes Wheke et he igDL:OR Mt O

i S not

descri bedfen

bl ocks

from usi A§

restricted, the notion conpensation nethod w th padding, 400,

ckBeBGPEMFe tHE PREISBLHCPERERPA L bPn prechrdiny. td Hlse

he ¢ nl sed and AC coefficient prediction from bei
gﬁgfgygggakﬁ Fﬁ%gggnﬁ%ﬁﬂﬁﬁﬁFPgﬁé QSG@%FF%JanEter.Encoder consi st
counting nodul e that counts the nunber of bl ock decodi ng-

In the first embodiment of the encoder where the motion vector
is restricted, no additional modification is required in the
decoder. In the second embodiment of the encoder where the
motion vector is not restricted, the motion compensation method
with padding, 400, as described in the previous section is used
in the decoder. Finally, intra blocks_qp the top and left
boundary of the sub-region are also restricted from using any
blocks outside of the sub-region for prediction. This
precludes the commonly used DC and AC coefficient prediction

from being employed.

In this embodiment the Complexity Parameter Encoder consist of
a counting module that counts the number of block decoding
operations that are required. The block decoding operations
are not basic arithmetic operations but rather a collection of
operations that are performed on a block. A block decoding
operation can be a block inverse quantization operation, a
block inverse DCT operation, a block memory access or some
other collection of operations that perform some decoding task
on the block by block basis. The Complexity Parameter Encoder

counts the number of blocks that require each set of operations

i i to the | nverse anti zation nodul e, 3 e
tion is then passed to Q zlﬁem%\é\@ﬁg

e.
i's

t he

as

Rt isitdnrp Rf seleei BRXEspissdrein The (extdder .cduigeidatidmt ra
at _the to nd | eft boundary of the sub-region are also restricted
I4l5 8P

ng
of

sane net hod
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operations that are required. The bl ock decoding operations are npy Rhashgs
arithﬁptic operations but rather a collection of operations that are
performed on a block. A block decoding operation can be a block inverse
quanti zation operation, a block inverse DCT operation, a block nenory
access or sone other collection of operations that perform sonme decoding
task on the block by block basis. Thej;gonplexity Parameter Encoder counts
t he nunber of blocks that require each set of operations 2 7 JUL 2005 18

and indi cate thddeate tbtReparaiet @he JFheanheases. bl oek, dfggggﬂg]gﬂﬁg tions
are used instead of sinple arithmetic operations is because differen

i npl ementdedaghisngragperpkémant atk f fuseent i 0pesad | @FS §'Pr51t§1§f fdlcﬂtﬁﬂ'ﬁéé’ié han
others. There is also a difference in decoder architecture and different
anmount s PRI e sk croftenatief Botartt dmsp dhantaemd ke Senl eyt
processing power and menory access neasures unreliable to indicate the
conplexiéﬁfﬁﬁﬁﬂqﬁyﬁﬁﬁﬁﬁti%W%v@¢¥eieffheieopbyath@nSchqmsnedpnétdrmgcated
by parane&ers t%a counts the nunber of block decoding operations

necessar §-5thé Je%%ﬂ%?nﬁﬁnln &aqaaak arrbiterpleri ayd dini ferentecmise 4 he

der kno the anmpunt of operations required for each of the block
ggggdi ngor%o\gsg]ré{e‘zla&ﬁs 30 i 8L GRS nPPEREHPRSE | Bhat | makee BhBodiseemf afawt he

' | ementary bitstream are packetized
Syste”‘Ep§§@%%3§$% MB&&%P'%%? ’m%g%rye aCcess heasures unreligble to
and nul t i pl'exe r
indicate the complexity requirements. However, if the
operations required are indicated by parameters that counts the
number of block decoding operations necessary, the decoder can
estimate the complexity. This is because the decoder knows the

amount of operations required for each of the block decoding

operations in its own implementation.

In the embodiment of the System Encoder and Multiplexer, the
elementary bitstream are packetized and multiplexed for
transmission. The information associated with the complexity
parameters is also multiplexed into the bitstream. This
information is inserted into the header of the packets.
Decoders that do not require such information may simply skip
over this information. Decoders that require such information
can decode this information and interpret them to estimate the
complexity requirements. In this embodiment the encoder
inserts the information in the form of a descriptor in the
header of the packet. The descriptor contains an ID to
indicate the type of descriptor it is followed by the total
number of bytes contained in the descriptor. The rest of the

descriptor contains the parameter for each of the block



ransm ssion. The information associated with the conplexity paraneters is
;Iso my tiplexed into the bitstream This information is inserteq 4 nyp %ie
header of the packets. Decoders that do not require such infornation may
simply skip over this information. Decoders that require such information
can decode this information and interpret themto estimate the conplexity
requirenents. In this embodi ment the eggoder inserts the information in
the formof a descriptor in the header of the packet. The descri ptor

cont ai ns daiedd2riep opeditadrds  hegiiRe Al ydeser &Béefiﬁaﬁ:ﬁjrsméegé%%’\gdq%_yr}; he
total nunber of bytes contained in the“descriptor. e rest t S 1o
descr i pt GomeontsEMsdfimPareiereforeachhal e &Eif’ﬁ{%cf- daride £0
decodi ng operations. Optionally the descriptor may also carry ~Soie user
define parameters that are not defined earlier. In the Schedul er and
Conplexity Estimator, 180, in Figure 1, the time it takes for decoding al
t he audi 3Vi sl SsHjestitler sandofipupdexbagedsoimbberpanaoet ens Hiuuk in the
descriptor as well as the feedback information froq1the decodef. enbpdlnent
of the CHAI &X'y Estawgrorfas danmdhing #lilgihe GudiBve saiclotdesad ngs
operation _par ters, 18la, 181b and 181c, are passed into the conplexity
esti mat of® ?ggg‘aafeqaeﬁe fhgther amamststisefaMnch ihethei ghscnr?p,toékﬁ%as 182b
' e conplexity estimator then estinmates e
and 1SZCWelﬁeSQgCttl_l)1/ee'\l yfeeT acknpinforrr}/ation from the decoder. An
embodiment of the Complexity Estimator is shown in Figure 6.
The block decoding operation parameters, 18la, 181b and 181lc,
are passed into the complexity estimator, 183, after being
pre-multiplied with the weightings, 182a, 182b and 182c¢,
respectively. The complexity estimator then estimates the
complexity of the picture to be decoder and passes the
estimated complexity, 184 to the decoder. After decoding the
picture the decoder returns the actual complexity, 185, of the
picture. The error in the complexity estimation, 186, 1is
obtained by taking the difference between the estimated and the
actual complexity of the picture. The error is then passed
into the feedback gain module, 187, where the corrections,
188a, 188b and 188c, to the weightings are found. The weights

are then modified by these corrections and the process of

estimating the complexity of the next picture continues.

The effect of this invention is that the need for
implementations that can handle the worst case is no longer
necessary. Using the indications of computational complexities
and the computational graceful degradation methods simpler

decoders can be implemented. The decoder would have the



conplexity of the picture to be decoder and passes the estinmated

conpl ex) ty, 184 to the decoder. After decoding the picture the %k oo 9005
returns the actual conplexity, 185, of the picture. The error in the
conplexity estimation, 186, is obtained by taking the difference between
the estimated and the actual conplexity of the picture. The error is then
passed into the feedback gain nodul e, 2887, where the corrections, 188a,
188b and 188c, to the weightings are found. The weights are then nodified
by these ®aR3kitiviss ad t Hecpdecesssof ofsttihmmt isagnidiRLOMpheXi iy of the
next picture continues. The effect of this invention is that the need for

i npl enentRGVHE e AMtSYem Mandl demhadingsteqasacks , Nd tl ARGErdeHLLES SBRY-
Usi ng the indications of conputational conplexities and the conputational
gr acef ul Hdaeneh 'RECAYEI O Af| Bhe draasiter sutauthén opberesbedecdbe
decoder 49%£%.ha%e the 2 7, JUL 2005 20 capabilities to decode nost of the
sequences LHPtEamen oDk e et BV RBRHECRGr® 2derandiefiylsEqueinesy workang
degrade t Iit nd_resol ut.i, of the decoder output in order to
decode tohr% STIAACIT LY aYﬁvéﬁ?'ESﬁePE &rs8lusdirms fmd/an etifibekeny  of
servi ces dhalaaverdif e resol utions and/or different formats. The
sub-r egi on caﬁﬂﬁe Eg%d%gé'%%g%ﬁﬁ IR R AesProeanBY thesdeepiersofinkewens t he

decoder oloBi@SorSAlLEL 0BS Galk HE6998,Ne Wl picture, One example is

the inter working tions can
decode the full picture. One example is the inter working

between 16:9 and 4:3 aspect ratio decoders.



between 16:9 and 4: 3 aspect ratio decoders. 1 7 JUL 2005 21 CLAIMS 1. A

nmet hod for encoding a visual object, conprising: encoding a vis§3I|gph&5t
to obtain conpressed coded data, wherein the 5 conpressed coded a#a i's
obtai ned through at | east one of a plurality of different operations which
can be performed on a block by block basis, generating a descriptor capable
of including information of a respective paraneter related to the nunber
of tinmes that each of said operations mgi erformed in a unit of blocks,
sai d descriptor associated with a co Wﬁ& of decoding the conpressed 10
coded data; and multiplexing the descriptor with the conpressed coded data.
2. The nethod of claim1, wherein the operations include at | east one of:

a block entropy encoding operation; 15 a block notion conpensation

operation; ;a bl Qek-tKiipRt bg@;d;@hﬁmabjeompompnlsmg bl ock transform ng
operati on. ]3 A method for encoding a visual object having a plurality of

pictures, conprisin th%i Qtaiﬂc%ﬂﬁireéébd esded tdatapivheriein thonpr essed
coded data Mer%}cog?ﬁg%g%uﬁgr ssedocode ata i s obtained through

segnent i ng each $SG§ 59 et%ﬁazﬁ‘ls 8 H"r{e%lthﬁoﬁ Rkt 1elh BR&SE @ﬁlﬂréhlﬂf etigkferear f or mi ng at

| east one ofOmRPIH erent perat| ons on a block by block

basts, 27 g;&él;atizo%(g?whziczh can be performed on a block by block basis,

generating a descriptor capable of including information of a respective
parameter related to the number of times that each of said operations was performed in a
unit of blocks, said descriptor associated with a complexity of decoding the compressed

10 coded data; and

multiplexing the descriptor with the compressed coded data.

2. The method of claim 1, wherein the operations include at least one of:
a block entropy encoding operation;
15 a block motion compensation operation;
a block quantization operation; and

a block transforming operation.

3. A method for encoding a visual object having a plurality of pictures, comprising:
20 encoding a visual object to obtain compressed coded data, wherein the
compressed coded data is obtained through segmenting each picture in a plurality of

blocks and through performing at least one of a plurality of different operations on a

block by block basis,



generating a descriptor related to the nunber of tine '
operations was performed during encoding said pi cture,S tsglafj Sgggrim;;t-{zshe 2005
associated with a conplexity of decoding the conpressed coded data; and
mul tipl exi ng the descriptor with the conpressed coded data. 5 4 The met hod
of claim3, wherein the operations inclyde at |east one of- a bi ock entro
encodi ng operation; a block notion conpensation operation; a block P

quanti zation operation;, and 10 a bl ock transf ' i
generating a descriptor related to the num%e? &%rﬁgs t?lgteera%fi P Lhid

operations was performed during encoding said picture, said descriptor associated with
a complexity of decoding the compressed coded data; and

multiplexing the descriptor with the compressed coded data.

4, The method of claim 3, wherein the operations include at least one of:
a block entropy encoding operation;
a block motion compensation operation;
a block quantization operation; and

10 a block transforming operation.



