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WO 2008/ 041954 PCT/ S&007/000338 1 Description
Met hod for encoding, nethod for decoding, encoder,
wale@smers4 and conput er program products 5 The POWRGLI0TN00338
relates to a nethod for encqding a plurality of
signal val ues, a nethod for]decoding a plurality of
encoded signal val ues, an encoder, a decoder and
Desggapliier program products. 10 Wth the advances in
conput ers, networking and comuni cations, stream ng
audi o contents over networks such as the Internet,
Methbdefezseheodingl, eacthiof Eotr, de@vdim, Weankbded)d decoder
commercial cellul ar phone systens is becomng a 15
and, EPRBPFEENPreINE o PTG FSser vi ce delivery. It is
believed that with the progress of the broadband
network infrastructures, including xDSL, fiber
Theopnhivestiandrbleddband awmechess faccessodiinty ratduirfadrity of

. th h I i.ckl appr.oachi t hase f
siohal; TaERG nPoReEant Frg. Peraoindgn 30 Shidiisude encoded
sigﬁ§$0bélh@5,(QnQenQ@d%kZ,aZGeQbH%&aﬁ&HEkoh®%%@%s?Fogram

audi o signals. On the other hand, there are sti
progpglFeati on areas where hi gh- conpression digital

audio formats, such as MPEG 4 AAC 25 (Moving Pictures

Expert G oup; Advanced Audi o Coding) are required. As
With tksubktlyannter dperahbetsalsyt nensotrdtngbrindge t he

. .ch d th i dl nmer gi ng br oadband
comBHEhRRESSUee R ORRY AENGHACH, CORTRAREL FORT BFo han Such

as breadhapdnehanpelslake Wodahy aaval hakh®aRd th&e networks
bandwi dth 30 constraint is ultinately renoved, a

andprerpareistarablelesdrhgnespysémmshals Pecoapalsl @ to
maiRE@gggﬁ ﬂthSrQ%CQh8§E g%&%&%%e%giivery. It is believed

that with the progress of the broadband network
infrastructures, including xDSL, fiber optics, and broadband
wireless access, bit-rates for these channels are quickly
approaching those for delivering high sampling-rate, high
amplitude resolution (e.g. 96 kHz, 24 bit/sample) lossless

audio signals.

On the other hand, there are still application areas where
high-compression digital audio formats, such as MPEG-4 AAC
(Moving Pictures Expert Group; Advanced Audio Coding) are
required. As a result, interoperable solutions that bridge
the current channels and the rapidly emerging broadband
channels are highly demanded. In addition, even when
broadband channels are widely available and the bandwidth
constraint is ultimately removed, a bit-rate-scalable coding
system that 1s capable to produce a hierarchical bit-stream
whose bit-rates can be dynamically changed during

transmission is still highly favourable.
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whose bit-rates can be dynam cally changed during

transm ssion is still highly favourable. WO
wQo@8/NdwiN54 PCT/ SG2007/ 000338 2 For PCT/SG2007/000338
(bit-rate-)scal abl e codi ng %; audi o data, video data
or image data, the nethod bit-plane coding is
comonly used. In bit-plane coding an input data
vector with a plurality of 5 bit-planes is encoded
Fora¢5QEdinge L9saa§5518'%%315 Sl M ea0! ofif a or
vect or. b t-plane co it S “of "al

1magenpenentSheomeeSpdndingltepamaanmdln@fiehﬁdMMmmﬂy used.
n of the conponents. For exanple, the

tati
In PLPSPIRRe. CHRARE EBnpPuss SRR BRES O3t it ComdoRendsy of

bltoﬁlbhésn9§te%@oaegnbEb6§BEn%'Eo(Mt@1Q' 1eheOfrd®sentation
bi nary representation of the conponents, the second

of Bhe- ghhReveshpri s@sbalk-pbans @bmpmh@e@owpenenﬁﬁ off ©ld
f h LN repr.es i t he
confbhblcd Bkrgbpbligs BU"GY opke B BIET LR LB Btk

repbéseptaﬁEOhepfeSﬁﬁt abinpdnes tscamded exampieGh try rikat bit-
a bit-streamis_generated that conprises the bits of
PlapReCeBRpbABAt 816f PLRE PApEISISCHPPBERGE P tthe BPgsr

sighfemLhe Apst ﬁtﬁnaﬁbﬁﬁwto?'%ﬁetglhg§ ¢@Plresentation of

significant blts of "t he conponents. The Dit-stream
theaCempDnthdesthhesecgndbbus p2@nef cohprismpordit dits of

usuall ece e st..si.gni ficant hits of the
thec%ﬁ%%ﬁ gé % g%l Mst aﬂ%gé%epgtggeiHlPﬁF¥ way nay
repbésentaopyncedethe tempexanpks basedconna properly

assigned statistical nodel 25 and then be transmtted

to a receiver. The entropy encoded bit-streamnay be
In Qf@ogfgngycédgﬁ§ d@hep59¥'g nénrgpgeggﬁ%é¥§5nb¥s scanned
reconstructing the signs a the b the .
in soopowent shatuch bhatstheaorigi paheirapetl veetoromprises the
bltsecgngheugéﬁgonggts of the input data vector in the order
from the most significant bits to the least significant bits
of the components. The bit-stream also includes the sign bits
of the components, usually preceding the most significant

bits of the components.

The bit-stream generated in this way may be entropy coded,
for example based on a properly assigned statistical model
and then be transmitted to a receiver. The entropy encoded
bit-stream may be decoded by a decoder provided in the
receiver by reconstructing the signs and the bits of the
components such that the original input vector is

reconstructed.

An advantage of bit-plane coding is that the bit-stream may
be truncated when the available data rate for transmitting

the whole bit-stream is to low. The truncated bit-stream
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An advantage of bit-plane coding is that the
bit-stream may be truncated when the avail abl e data
WO 2608/081964 t ransm tting the whol e bit-stream i BCT/8GL00WN00338
The truncated bit-stream WD,2008/ 041954
PCT/ SG2007/ 000338 3 conpriges the original bit-planes
only partially but can still be decoded in the
comppteder the gehetaré hitovatseesr esdisrputindn yobuthean
COTIgLN c y Al S nstruction of
R Pk S e R e T et
recownsiingcpioni déstiae convghhent dvay becFemerate.ﬁ@dQSSSy
which are scalaple with a fine granularity. The order
rec?%sﬁﬁ?%gl?ﬂeoﬁighﬁlaﬁégl%?é gégﬁngacFQrusiﬁlF?leW§§d bit-
plah®fcAdPRg L hEY e §08i BN SENSARL ﬁQ? exagRhErathRecBhEs
10 pl anes are scanned fromthe nost significant
whigh tape apealsbbe ¥iom ahéibet gphandacohpri sing the nost
significant bits) to the least significant bit-plane
(i.e. to the bit-plane conprising the |east

The sdgiéf | Canvhbih Shhe 161 A-peéhed hee eBeaHEAdiad usually
ty of signal values is provided, wherein the

lural i
fiX§#;%§¥l%a?%%%l%v%a@r69§é69iﬁ@%é@efiF@F eXaBPLeupthndoat-
plaBEs OnFk SUOGE LR, £ G €40 rﬁggtS’s@ﬁﬁka@EHFS}\o/gf:agggg (i.e.

first subgroup are conpared to the signa

from hehe setorel sudgeoupy i wheg ethe basetd snghhéicestl bivs) to

t 20 conparison it.is decided whether. the, signal
thev@%%%% %ﬁg$%éic???s?lﬁﬁ%g?%%p?%h8ul SpEhgnbAEHLAPE h
comphtt Ghteig PEROr 1dyst hagnihecshgnsl tyal ues of the second

subgroup and wherein the signal values of the first
subgroup and the signal values of the second subgroup

i &=pl i n: the si 5 s, of
R B Pl A SREr, MR USR0S RLUES ST
provided, ivhalecinethd hatghdk sajunat zakugsoopedhéntorst first

s U8 U SO be sncoded Wil pher priorily L0RD., oo
the first subgroup are compared to the signal values of the
second subgroup, wherein based on‘the_result of the
comparison it is decided whether the signal values of the
first subgroup should be encoded with higher priority than
the signal values of the second subgroup and wherein the
signal values of the first subgroup and the signal values of
the second subgroup are bit-plane coded wherein the signal
values of the first subgroup are bit-plane coded with
priority if it is decided that the signal values of the first
subgroup should be encoded with higher priority than the

signal values of the second subgroup.

Further, an encoder and a computer program product according
to the method for encoding a plurality of signal values as

described above are provided.
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30 Further, an encoder and a conputer program product
according to the nmethod for encoding a plurality of
WGE L @Rak9sal ues as described above are provi deRCT/V&2007/000338
2008/ 041954 PCT/SGQOO?/OOOB%S 4 According to anot her
enbodi nent of the invention,” a nmethod for decoding a
plurality of encoded signal values is provided,
ACC@@ﬁb@gsFﬁgaﬂ@Eb?V|ﬁ@bpﬁem@ﬁéoéédt@ﬁgmawevah@es abaiegod
b I rab Lgn values t he
fox MEcBUERE, ZPEEd-plPRLAcR BB $leRed %aatdroas and
proa;Sedpndompnbgingpredeteﬁﬁgnthg whebhea thgnalgraliues
val ues oi the first subgroup have been bit-pl ane
bel%%d%ﬂth %nﬁr?8??9yfﬁﬁ@natHéuréﬂ@ﬁﬁl0@aﬁ&é§aﬁaVélﬁéém the

31g&§909§ﬁue§nge9h§ @k@ﬁﬁegeEthnglkgg s&l Qgﬁg %hgnglsecond

val ues taking into account whether the |gn
subguduies ®¢t$h®lmlmgtWBﬁbgeouphhasegbeénVBEUeplaﬂetbedédrst

rjiorjt en the signal s have . been
sundbblo BEV R bt DL Ens PRy B e pactE i p odbam the
sig DAvEl u@s CRE e Ngeeh OchBed8R] haddf B tdgtadengedoding the
plurality of encoded signal 15 values as descri bed

GHC%%%SJa%aJpr%@M%% takipgt fREPVAFrgOURRevER§har VhPuségnal
val@é € @Pa%ﬂée§1P§{0i8b§99hgghav%°Ee8§aﬂﬁke8ﬁ98ee98§g¥ with

distribution int I gn ues 1s yzed a

pridasey wren hehe esugnal t heleedi hgvesbpenf enaeded20 for
exanpl e an efficient coding order is chosen in course
of the bit-plane coding. For exanple, each signa

Furmadtle £0ddEeS@ondsnd 0z acbhSaHenCYraffamt BeodhifRakccording
val ues of the first subgroup correspond to a |ow 25

to fhedqirhesd rEgr oteapdintiea sPynarliayues ehcofedsetondl
valéé@%@u@eé:@f%ﬁé@oﬂg 19 ? bi %P&;{Sg&erwy region and it
mhet%er he

eterm ne ner of the signa
corresponding to the signal values is concentrated in
Ill&s‘%é% Igly, Hﬂsssfgné evg.égé a?gb £gf§2ed before coding,
for example the energy distribution in the signal values is
analyzed and based on the result, the coding is performed,
for example an efficient coding order is chosen in course of

the bit-plane coding.

For example, each signal value corresponds to a frequency and
the signal values of the first subgroup correspond to a low
frequency region and the signal values of the second subgroup
correspond to a high frequency region and it is determined
whether the energy of the signal corresponding to the signal
values is concentrated in the signal values of the first

subgroup.

An idea on which one embodiment of the invention is based can
be seen in that it has been realized that when the energy of

a signal is concentrated in the low frequency region, like it



10

15

20

25

30

30 An idea on which one enbodi nent of the invention is
based can be seen in that it has been realized that
wob@s/0stees energy of a signal is concentrated PCT/sG®07/000338
| ow frequency region, like it W 2008/ 041954
PCT/ SG2007/ 000338 5 is often the case for audio
signals or video signals, it is reasonable to assign
is hfgﬁnpth@rpﬁyeté0¢h@uﬁ@w-Sﬁ@@@é@cpr vdgieon silgeyals, it is
ne _c r I n rt.s_of. the
rea b o e S g SEB W ol Bndy e G s
reglonsthen5blin- pmenenbodum@ntfoha&adm@neth%cbeswdrﬂy:of the
t he conpari son, is chosen between a first
bltbpﬁ-aﬁﬁan@%ﬁ@sapﬁ&lgahéﬁe Laid t&eogepsnd et igicdrats first.
encodi ng schenme. For exanple, according to the first
bi t - pl ane encodi ng schene the signal values of the 10
In @nesembgdgmeup,abesbﬁtOplahe ercodéd owi tthepcompiatry samd 1t
0 the econd ne encodlg?ﬁ hene, the

is BRGRER BULhReb S, BE Rl pkt DR sEs oty oS

secMﬁﬁUBStgﬁlbh@ efeeandgsgbgenen awe Ribmpllane sereededg to
same priority. 15 By SMAtChIn% bet ween two
thebf%rEFaﬁétéHééﬁﬁn§n§§ﬁéﬁ§sSC@@H‘@ &kenplienedr vedetgs of the

a d n d n I l e
firpl Bk ofip e B fiabe, Bh e PaRRCr AP i L AR
accpndihe toeqhensycspdcbimﬁplbhe-ahandle@csdhegecamhbe51gnal

e re efficient nner,
va1fgh; B ahny 42t BEPGRORRt ithe TBopCEPral “daah & the
secabdi suByrbipenrBdbatephibhear ahesdeanwien RRreVedikyidy .
significant amount in terns of ODG ((Qbjective

D fference G ade) neasurenents using the invention
By %QﬂpéﬁfggtBag&éghn%kozgl§ %§gaggglglh S%E%%%egOdEgg)

or nost “audi o sequences un anc ener
exampserfbuteanhlﬁrame bfequdatﬁ danmih. tohibe encoded and for
example based on the energy distribution of the data signal
in the frequency spectrum, bit-plane encoding can be

performed in a more efficient manner.

It can be verified by simulation that the perceptual quality
of audio at intermediate bit-rates can be improved by a
significant amount in terms of ODG (Objective Difference
Grade) measurements using the invention compared to original
SLS (Scalable Lossless Coding) for most audio sequences with
unbalanced energy distribution in the frequency domain. This
can be achieved by only introducing negligible overhead in
terms of computational complexity or lossless coding

efficiency.

Embodiments of the invention emerge from the dependent
claims. The embodiments which are described in the context of

the method for encoding are analogously valid for the
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can be achieved by only introducing negligible
overhead in terns of conputational conplexity or

wo owsloewss codi ng efficiency. 30 Enbodi ments oPCT/b&2007/000338
i nvention energe fromthe d%pendent clainms. The
enbodi nents which are described in the context of the
nmet hod for encoding are anal ogously valid for the WO

encoges/ 0&9sAepEyASERH07LG00338, Ehendegedert kadmehiod
com£8£ege?ggbggm Eggg%EEEQer and the conputer program

produc Ino i ment, each signal value
corresponds to a 5 frequency. For exanple, the first
subgr i gnal _val ues corresponding to

Tn S BOBHERLR B - achrRspiobrdqlenty FeseAPARAY AE o

fre§8EARY. SHBYr QUAMB AP tHES rakktSkaBBoupal¥RS rises all
correspondi ng to frequencies of a Second frequency

sigpradi vAluFRecPreqapnpilésgotot Aeehiuescitsegdencyireyi on
r .examl.e r than _the frequenci es of e _.
EroBuBnrl Froiinty agi hobR U REaRLETREBETP<3, andr gional

valtibe &oequepohesngreo dirvbdedcinkood howebbaguereyuency

region and a high frequency region. 15 1t is to be
regh%%edTFﬁaFrFﬁEe§FbﬁﬁlO@aFD@sfﬁﬁﬁta¢§8qﬁénﬁwoG§€éoniﬁ?@ for

t u 0 : pat it y o
S e o e ey TR S Raraupt SheurdCBEChit oprane”
regtodedTi shmepnsorhey. f6or egrmppee, thasédegneacies are
aivE8 ark on_o th signal val ues of thehsu gr.oups,
Vet %u%%rou Kay bETEREScF 5EEG WAPA 20749 oéFﬁguency
regpshority and the subgroups may be bit-plane coded
taking into account the priorities. Each signal val ue
is for exanple an error signal value specifying an

It ££106 ﬁéoﬁo@égnPﬁgttQﬁedgiéﬁéfnggguggtﬁggnaﬁsozgefb£8hped
frequency coefficient and secon requency

into more than two subgroups and that it may be decided that

one or more of the subgroups should be bit-plane coded with

priority. For example, based on a comparison of the signal

values of the subgroups, each subgroup may be associated with

a coding priority and the subgroups may be bit-plane coded

taking into account the priorities.

Each signal value is for example an error signal value
specifying an error (for example the difference) between a
first frequency coefficient and a second frequency
coefficient for the frequency the signal value corresponds

to.

In one embodiment, the first frequency coefficient
corresponds to a lossy frequency domain representation of a
data signal and the second frequency coefficient corresponds
to a lossless frequency domain representation of the data

signal.
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coefficient for the frequency the signal val ue
corresponds to. In one enbodinent, the first
wo c@guerysy coefficient 30 corresponds to a | oSBYI/SG2007/000338
frequency domain representaglon of a data signal and
the second frequency coefficient corresponds to a
| ossl ess frequency donmain representation of the data
signal . WO 2008/ 041954 PCT/ S&007/000338 7 The data
S I e di Si l, ide t
ThelHaTE) SToMaTor A B, kS A R Wiefo data
sigdedi dedat bati lthémsiggndktwalsiesiadf. the first subgroup
shoul d be encoded with higher priority than the signa
val ues of the second subgroup, the signal val ues of

1f theiki Hetideubghaup take sfighaxamhe At %@%IfE%%E‘@lﬁﬁroup
bit- Elane coded before the signal val ues of

shoyégohsd §B§@d@dpwaﬁé bﬁghﬁwa@@lraléwdé@aanmEEﬁammbé values
ra_p t p e f _the nal u

ot Fﬁg %QEB aséﬁg gggbéréﬁgcén%nglbgﬁorgsaﬁf é%t %afgﬁes

subgkotiheagkegialr ¢abnescotitt heasecpadtsBIgROBA ta@ ane coded

scanned. This _neans that the bits of the plurality of
befgre. tB?aﬁégnéfl VR&USSgRAI tP8l F6S°8F SHEIONSt adgbgidaplane

cod¥hbl | pd3 Q&gﬁﬁﬁé tgtﬁ@bk§19%gtg% Rit-phares ofr the 51gnal

signal values o e second subgroup in the resul
valpes- erébﬁ1fuﬁsttSubgdeupdedethaﬁnnbé.iﬁ@@ab waWu@stef
h f|r sub oul d_n encoded. wi_ t h _hi gher
pla%r?orlték?hgngpﬁe ¥|§HSF 26 3§Fu5§c8pdtﬁgb§§@89da%
scaftibgl onpithReahgnahavakuespat st be thesplusubargup rand -
t he signal val ues of _the second subgroup are for
pla%ﬁénﬁfetbﬁtsbgéﬁé Eééé&swpﬁht§§w§lﬁﬁ¢oﬁupﬁrovﬁl§lﬁéans

preEQéé th Qoﬁﬂﬁkuo?'Ehglﬁﬁ% odi,ng, o&o h%X§ he1tB81ues of
B Prec

bit-plane coding schene accor
theasdtonScallapreupossl €bs Zssaﬁdung b$t8ﬁtresmused when
it is decided that the signal

If it is decided that the signal values of the first subgroup
should not be encoded with higher priority than the signal
values of the second subgroup the signal values of the first
subgroup and the signal values of the second subgroup are for
example bit-plane coded with same priority. This means that
"normal" bit-plane coding, for example the bit-plane coding
scheme used according to MPEG-4 audio Scalable Lossless
Coding (SLS), is used when it is decided that the signal
values of the first subgroup should not be encoded with
higher priority than the signal values of the second

subgroup.

In one embodiment, a comparison value is determined based on
the comparison of the signal values of the first subgroup to
the signal values of the second subgroup and wherein based on

the size of the comparison value the priority level with
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val ues of the first subgroup should not be encoded
with higher priority than the signal val ues of the
waemsndiossubgroup. 30 I n one enbodi nent, a conPer/B6€WN7/000338

val ue is determ ned based o t he conparison of the

signal values of the first subgroup to the signa

.val ues of the second subgroup and wherein based on
whigRethp; 1gnathd adeRsanits shey digs t sebgmos tshauddeioe
enc¥hth wQ 40084041254 PCT/ SG2007/ 000338 8 which the

signal values of the first subgroup should be encoded

is determ ned. For exanple, a plurality of value

ran are det er.m ne each val ue range js ,
For PR e P L B ot JoHSCar Sa S FEe Prcsateymined,
eacheveluw thnwhi 6B BReosigral vakwes %&ﬂdﬁiﬂy'Tgwel and the

subgroup shoul d be encoded is determ ned as the

Pripribyi tgvelevéthaybdehatse Wﬁ@@aﬂh§aﬁaﬁﬁecﬁaﬁ@@|ﬁir8t
sub%@bﬁpdghguianB@r %%gdﬁ&al ede er%ﬁ% he g§1or1t

es a sinple met or etern1n|ng t riorit
levébvebsmhnahedaW1he thpleﬁénéedamthlhowhdamphmﬁ1dbmparlson
he, co arkson val ue nmay be cal cul ated based on an
Val%ﬁe?@y RBasure of the signal values of the first
subgr oup and the second subgroup. In one enbodi nent,
the first subgroup conprises all signal values
Thigopre¥pendi agstorieenashores oof datfeurmmlngeq@@nwlozaty

n h d su rLoup. ¢ rises nal
lev%g?ﬁggcgo??ésggng%ﬁﬁe?o ?% éﬁ Yo~ 4% 3@5&%
frequency region and a thlrd frequency region,
wherein the frequencies of the_ first frequency region

Thea?%mp6ﬁéF°PhgﬁlﬁﬁemPWeaﬁeﬁé#@gléﬁeﬁh@a8§@c@ﬁdan energy
meaéﬁﬁ&ugfcﬂhéegh@ﬂa@”@a&ﬂ%sf5§QQQQCE§§sQfsh%%g @o%?dfﬁge

frequency regi on are I ower than the freque
secepilr gubgroup.

In one embodiment, the first subgroup comprises all signal
values corresponding to frequencies of a first frequency
region and the second subgroup comprises all signal values
corresponding to frequencies of a second frequency region and
a third frequency region, wherein the frequencies of the
first frequency region are lower than the frequencies of the
second frequency region and the frequencies of the second
frequency region are lower than the frequencies of the third
frequency region and, when it is decided that the signal
values of the first subgroup should be encoded with higher
priority than the signal values of the second subgroup, the
signal values corresponding to frequencies of the second
frequency region are also encoded with higher priority than
the signal values corresponding to frequencies of the third

frequency region.
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frequency region and, when it is decided that the

signal values of the first subgroup should be encoded
wowrak/omogher priority than the signal val ues PET/8GB07/000338

second subgroup, the signal, val ues corresponding to

frequenci es of the second 3¢ frequency region are al so

encoded with higher priority than the signal val ues

Illgsrrespvrdragodanenéguedcitds dnvendioni ede fredadney below

e 2008 1 PCT/ SG2007/ 000338 9
Wlt% ?%9 re¥%be9§n%9§|%%%nggg'the i nvention are
explalned be|OMI wth reference to the draw ngs.

Figure la and Figure I b each shows an encoder
Flg%%o}a. ARGt 6191 S5 10 REGRI FBRISoRTY KECORPENEICSRYding to an

Fi gur e.2pshows @ ng%gge@h@%hgqogf error signal val ues
according to an enbodi nent of the invention. 10

Figure 3 shows a representation of error S|gnal val ues
. _accordi n_enbodi i_nvent.i on. ure 4a
rio0Ra f GHPES A3 SRR oHBE A ReCCEr Rrear g (5 RS
enbodi geabrafingheol BneRkbedi mba tFioFureed 1SR idn .
(bit-plane) encoder part according to an enbodi nent

of the invention. Figure 6 shows a representati on of

Figl?%éoé shanal o V'i‘leg?ése%(@ ageqr digng L9 an sepbediaant, of

e Invention |gure shows a representation o
error stcgnabiwngl tesaaceobdidigend af emzodinventtioh.t he
invention. 25 Figure 8 shows a representation of
error signal values according to an enbodi nent of the

FighP¥enhi gRd Figuie 9pSBaws a8nbeRr 8seraldedn sl iy to an
signal values according to an enbodi nent of the
i nvent epRodiggnt of the invention.

Figure 5 shows a (bit-plane) encoder part according to an

embodiment of the invention.

Figure 6 shows a representation of error signal values

according to an embodiment of the invention.

Figure 7 shows a representation of error signal values

according to an embodiment of the invention.

Figure 8 shows a representation of error signal values

according to an embodiment of the invention.

Figure 9 shows a representation of error signal values

according to an embodiment of the invention.

Figure 10 shows a decoder part according to an embodiment of

the invention.
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Figure 10 shows a decoder part according to an
enbodi nrent of the invention. W 2008/ 041954
weFanssa2807/ 000338 10 Fig.1 shows an encoder RODSG2007/000338
according to an enbodi nent qf the invention. The
encoder is supplied with au i% data in the formof a
5 plurality of audio sanples 101, for exanple
Figgdnehawedanaeeepdefig 100 ROVIIRIINse teoded avbndia@argn)ef the
ianhgig%dio sanpl es are encoded by an audi o coding unit
102 “"ror exanpl e an audi o coder according to MPEG 4
AAC (Moving 10 Pictures Expert G oup 4 Advanced Audio

Coding) and are also fed to an Int MDCT (I nteger
Aea (%53 Wit 2

TheN6RFPHEY BFsEMEPe 1e6sie MTRaTs o™ 2unint
plues&fmg”%faa%%' eah%g!é%f QoL i}y Uyantdie o Rl es
to the frequency dormain. The Int MOCT unit ~ 103

accpedfiogntoa PLs {Peds et Cadisfdo Myt lat ighn)t-he audi o
sanples 15 to the frequency domai n. The AAC encodi ng
unit 102 generates frequency coefficients which
TheCaUHESPRARAPLEst Ree( kossyledy Cof @udikercodility MGt 102,
encoding unit 102 may use the output of the Int MDCT |
foryprampds 20 egdgenErdes EIvesE Fimehten P udt ARG elftaring

Picgﬁ&egxﬁ le?t F?%up%cz-\%%%@e@ Agﬂ:{ito Q2 ntzi.r?c:?_sart@ealso
requency coefficrents output by the 1nt uni t
fed1@3. ahn Ian®DETbqdintrenter MoeliSACd éncodiaipe Widink)?2

enerates a _cqre |ayer according to, the EG 4 .
TraGegneed SAgd o ol G RS COeG S5 G hod T GROn ©F
theOhubhe LALMPEE wRi thi0F resnad Qs d@ssin f epfesaraidomini t

of the audio sanples 101 but the output of the AAC
103epesdiomgsuni tLoBO2 ecer rePGidImagipn gxfsythe audio samples

o LS SR LGN cilkybhe audlo samles, the frediency,
and the frequency coefficients
The AAC encoding unit 102 generates frequency coefficients
which correspond to the (lossy) AAC core layer. The AAC
encoding unit 102 may use the output of the IntMDCT unit 103
to generate these frequency coefficients. For example, the
AAC encoding unit 102 guantizes the frequency coefficients
output by the IntMDCT unit 103. In one embodiment, the AAC

encoding unit 102 generates a core layer according to the

MPEG-4 Advanced Audio Coding (AAC) codec.

Since the output of the IntMDCT unit 103 is a lossless
representation of the audio samples 101 but the output of the
AAC encoding unit 102 corresponds to a lossy representation
of the audio samples, the frequency coefficients generated by
the AAC encoding unit 102 and the frequency coefficients
generated by the IntMDCT encoding unit 103 are different. The
errors of the frequency coefficients generated by the AAC

encoding unit 102 with respect to the frequency coefficients
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generated by the I nt MOCT encoding unit 103 are

different. The errors of the frequency coefficients
w@eeenased by the AAC encoding unit 102 wth PEFReTN7/000338

to the frequency coefficien WD 2008/ 041954

PCT/ S&G2007/ 000338 11 generated by the Int MDCT unit

103 are cal cul ated by an error. mapping unit 104 which

gengepérst BY ARcerPGMDSTgMa taddor ditify qaolcqlwetseed é}yr G error
mapgﬂn hiyg 19y 04t DG 1SR Yepsighals contal re8la@laccording to

pectruminformation.” 5 I n this enbodi nent, the error
thesegralkocenpdinséehis prlalyr,altmiey axfrorersr:@nas'u gnaitanaiwe:se,s:Ldual
erein ﬁach grror signal value is the difference of

Speggfpgqﬁg ey ™e6éffici ent generated by the AAC encoding

unit 102 and a frequency coefficient generated by 10
the Int MOCT unit 103. An exanple for a plurality of
In &higr eBpgAAMERRl uES S §r§1@c§mﬁﬂ+%ah |Cg>@rl$$|ag PRugledigy of

err@rrg%ﬁgrg ggtl'u%g 2%‘?163 Ol S| Exl vaa%%r ‘1‘ % he
to an”enbodi men |nvent|on ror si
dif¥akaeesecabé shﬁweqm@nt@ecbeﬁmnmiamﬂngmnahaEWS&gnwhe AAC
array 201, gﬁﬁh field 202 of the two-dinensional 20
encaﬁftw 9pite e8ponds TreWepy, Gosd Figiinfadpnfitgted Py
theOfn@RpERr ahisi gpal. val ue. Each col um 203 of the
t wo- di nensi onal . array 201 corresponds to one error
S|gnal val ue. ThIS neans that the flelds of one

correspag |nar di git of_.an er.ror
an R EPEeR Ml e BReb i dat TR g shown in
figcarresponds to the field at the bottom and the

significance of the bits increases in the direction
of the y-axis 204. In this exanple, every four

FlgfEegH%ngaC9%&&%%%%@%%1%%dZO@C%Qr@ﬂﬁﬂﬂhsfﬁﬁﬂﬂ/d&yﬁés
error signal values are grouped to a 30 scale factor

accpaddngThe aonbambodfimbngquéntyec defvieindiiem.s in

The error signal values are shown in the form of a two-
dimensional array 201. Each field 202 of the two-dimensional
array 201 corresponds to a bit, i.e. a binary digit, of an
error signal value. Each column 203 of the two-dimensional
array 201 corresponds to one error signal value. This means
that the fields of one column correspond to the binary digits
of an error signal value, wherein the least significant bit
corresponds to the field at the bottom and the significance

of the bits increases in the direction of the y-axis 204.

In this example, every four frequency coefficients and
accordingly, every four error signal values are grouped to a
scale factor band. The number of frequency coefficients in
one scale factor band is not limited to four (it may be
higher or lower), and the number of frequency coefficients

may increase for larger scale factor bands. The scale factor
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one scale factor band is not limted to four (it may
be higher or lower), and the nunber of frequency
w@omwBosvsents may increase for |arger scal e fBCI/S62007/000338
bands. The scale factor WD % 08/ 041954
PCT/SG2007/000338 12 bands "are shown fromleft to
ght according to _their nunbering, i.e. the nunbers
baneﬁ PRE SEAYE faefor afdnde nwfemn%%et%v@:ﬂm on

numBk iR, X124 S +2Q5 1A Qi QH?1J£J%QH§Q§'§§E é? &L the

repre &ntéd “error st gna ues 5 correspon |ncreases
incfreaemelkefin tther |dgmeqmdrhe>fd|’u‘rfectxmma‘ 20he AEtsxi sthe

£r oG LAt CoRBEY (O RS ARNARS Ggte oTi L values

corkE8@UaRIC Y nceeefsfdsCiretn ge&er ated-iYntt ey Me encrdii®n of
unit 102 with respect to the frequency coefficient

thegéné%&ﬁedﬂw erenpdEevDEhe B npi tSlm@lcdfrarJe@pofrﬂﬁnﬁfetmted

by ttﬂ% E gglﬁl%t tﬁlglu?q(é?\fyﬁ%%%scl qlesretgjze e-g]:eo CO% uency

generate requen
coeftﬁ&f:ﬁleclrte@te&efrra(tmdblmcl@leOfAPId']@sra:lﬂ?HlmgS amltest Ol:OJs,uth
hi s neans that the audi o sanples 101 are grouped into

reSBF6€k§01§ €f FARERFIEYd FASdrhéd i I Bhe AT Avc the TntMDCT

uni€ngedi pG YRIshoLE nand o the MMk unidq i3 pensialf 4.
plurallty of frequency coefficients. In thi's exanpl e,

is assuned that the ACC encodlng unit 102 20 and

h
ot B8 BUPEEL L S AT AR g, e

fre@heebyabeelﬁrr@eremsf reaon0 bﬂ@d& offhe Haieli A& dngp 1 yi01.
chosen as exangle and may be different (higher and
ThipoRerysi fhéthé SeAbddNERP L ethde e gLFARR D into blocks

fr%ﬁ’t%fsf' %h%lntf%oﬁxr eg8nedlad ol eaeh e@l&ﬁ&r@ [ AER) 10225 and

process described in the followng 1s carried
theomntMEET gadly flO3mgerBre teneogeruredl thurather sspraprd s es
deC|S|on unit 105 which determ nes whether the
COGSFFSF ®¥i*§nal val ues are bal anced.

In this example, it is assumed that the ACC encoding unit 102
and the IntMDCT unit 103 each generate frequency coefficients
corresponding to 49 scale factor bands which are numbered
from 0 to 48. The number 48 is only chosen as example and may
be different (higher and lower) in other embodiments. These
frequency coefficients are generated for each block (frame).
So, the process described in the following is carried out for

each frame.

The encoder 100 further comprises a decision unit 105 which
determines whether the error signal values are balanced.
Illustratively, it is determined whether the error signal
values corresponding to low frequencies are (on average)
significantly lower or higher than the error signal values

corresponding to high frequencies.
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30 I'llustratively, it is determ ned whether the error
signal values corresponding to | ow frequencies are
w@ cnwsaviesage) significantly | ower or higher tPerSGIe7/000338
error signal val ues corresa%nding to high
frequenci es. WO 2008/ 041954 "PCT/ S&007/ 000338 13 For
this, the spectrum (of one frane) is divided into a
| ow frequency region and a high frequency region. For
Fore%ﬁﬁﬁ',ethet beese2lf fR% Ahbands hram Qst9 4 eNG 10w
to the low 5 frequency region an§ the scale factor
frehaadsyf regi2s tod48 hhghordgetmenivy kiegh div.eGloenekample,

e 06T AERACREL RACHE FORT Poqiondy SFagroh S ind i gn

frehlieAEENEXgi 80l ARd EaspeckilelhctdepeRtidrg bt @ sWhichyg
scal e factor band it belongs. 10 The energy contai ned

belppgt he Fbw hiefuénegueagiorfeBlions ASQIogiaodd bypaidhe error
sigﬁﬁi' $LoN ULt F%Qﬁl-ciy&'e%ﬂ L3 £hot pexanp) %r%(?;g.l%ncg;‘/ r%%q'orhg or
€ squares of all " error Signal values associ ateée
thewht Bht fechoantryequghown, r egisprctEvetygy alepentEng on to
,calcul?ted as 15 an avera%e energy, for exanple by
whighdPrglEndasgQar BaNgr 1& PELOPHYS si gnal val ues
associated with the | ow frequency region and dividing
it by the nunber of error signal values associated
Thewenhrohiechowaf neduéncheedioon frelqusny valrsgilpe Ep is
cal cul ated by adding the all error signal val ues
calgudpEpdt By Eée\/\ﬁteﬁlﬁﬁénl SRifr d§FendV itediSort oy egample done

by %BEHBF t89UabihAges! B anat '%%&o%”’%‘l%h@g”%a%%rse S¥ceiated

yer “is absent, EL is not <calculated fromthe error
withi ghal lval desgubotyf regivhe Efr equyendysoc def fdadiceritased as
generated by the Int MOCT unit 103. 25 Anal ogously the
an gHergyeceReaPNedfrl eHempilgh Pir éqdéndy thegisainare iof all

I Gt d e .S uni:t 105, ht. | ;
errgg g ket S sl i R As TRsEhrsy egten
and dividing it by the number of error signal values

associated with the low frequency region. Ej may also be

calculated by adding the all error signal values associated
with the low freguency region, i.e., without squaring. In

another embodiment where core layer is absent, Ej is not

calculated from the error signal values, but from the

frequency coefficients generated by the IntMDCT unit 103.

Analogously the energy contained in the high frequency region

Ey is calculated by the decision unit 105.

It is then decided by the decision unit 105 whether the error
signal values (corresponding to the frame which is currently

processed) are unbalanced, if

LB g
Ey
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signal values (corresponding to the franme which is

currently 30 processed) are unbalanced, if EL - EH >
waBosaHowD 2008/ 041954 PCT/ SG2007/ 000338 14 CediEsG2092000338

it is decided that the errOﬁ signal val ues are

bal anced. 5 TB is a thresho é val ue. In one

enbodi nent, TB is the value of a non-increasing

function of the bit-rate available for the

1 S$§ 0N, 0 : e e audio.s y TB. =
oISt Sp 08O MBuLORRRIC c2Uh0 0 ATBES, Yoy BpoTBrE
balexaaple i nplenmented in formof a codebook. Wen it

has been decided that the error signal values are 15
bal anced, they are encoded by a bit-plane coding unit

Tg 186a tMhesnbldhasibeenideshdedmbbatmbhe,enpon sskgrakaiuve
val ues are not bal anced, they are encoded by a

of prhontinzedabitgpkanetcodi 6§ thei bit67at20a¥henabliel Sor
deci ded, that the error signal values shoul.d be

theeh%%aaﬁlﬁ§l?ﬁeOBinﬁ|éﬁecgeaﬁhgaaaﬂp $8BP1ERe Bi-fs of
the error signal values are encoded as it is
illustrated in the fig.2. 25 As nentioned above, the

T sofBmesioi fhéBlacr@y 201 shown in fig.2 correspond to
bi nary representations of the error signal val ues.
For exanple, an error signal value x has the binary

The 3BuREPLESCAL 8L i 9 VO, 2008L 041354, BTLIRZA0 000338, 15

codebook.

When it has been decided that the error signal values are
balanced, they are encoded by a bit-plane coding unit 106.
When it has been decided that the error signal values are not
balanced, they are encoded by a prioritized bit-plane coding

unit 107.

When it is decided that the error signal values should be
encoded by the bit-plane coding unit 106, the bits of the
error signal values are encoded as it is illustrated in the

fig.2.

As mentioned above, the columns of the array 201 shown in
fig.2 correspond to binary representations of the error

signal values.

For example, an error signal value x has the binary

representation
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Ox =(2s - 1) by 2i 7=-00 where s is a sign
synbol, such that 1 ifx>~05s =0if x <0 and bj E
w@ 2008031984 e the binary digits of x. The bj ar er@¥/5G208M000338

in the colum corresponding.to the error 10 signa
value x fromtop to bottomin the order of the nost
significant bit to the least significant bit. For each
scal e fact band (MAth the nunber k), the bit-plane

X =c@drﬂgJun|§?]_ d&kt er mi nes t he maxi mum bi t - pl ane M
for thisj_lagscale factor band. The nunber of the
maxi mum bit-plane MK is the integer for which 2M -1
S max {Ixi I} < 2MK 20 holds wherein the maxi mumis

whe kenloversal grrgg Si Ck Ealues Xi which are
h8sdct At BdSwPh YRR caPB Palf'8F band k. The bits
corresponding to the Mk-th digit of the error signa
values associated with the scale factor band k form

ME-x > 25 bit-plane of the scale factor band k. The

b(j Rlrane. godi ng unit 106 generates a bit-streamfrom
the error signal values as follows. First, the
maxi mum bit-plane of the Oth scale factor band, i.e.
the MO-th bit-plane of the WO 2008/ 041954

and peJ/ GO0 7006388 thes bipgiry Fdatidis I9dn& -wi t h nunber O,
is scanned. This neans that the generated bit-stream
starts wth the bits of the maxi num bit-plane of the

Theg%i écﬁk§t%§ﬁt9£ Pﬁ@dcgﬁﬁﬁhl% %gpohgq tlo %he error

the error signal u correspondi
sigé?lhﬁaigéﬁ§tfEBﬁQHgﬁCXOaBQtEEQC%%d%ﬂg b&d%@eo@'%%%th%%t
0

significant bit to the least significant bit.

For each scale factor band (with the number k), the bit-plane

coding unit 106 determines the maximum bit-plane My for this
scale factor band. The number of the maximum bit-plane My is
the integer for which

Me—1 < max {|=;|} < Mk

holds wherein the maximum is taken over all error signal

values xi which are associlated with the scale factor band k.

The bits corresponding to the Mg-th digit of the error signal
values associated with the scale factor band k form the Mi-th

bit-plane of the scale factor band k.

The bit-plane coding unit 106 generates a bit-stream from the
error signal values as follows. First, the maximum bit-plane

of the Oth scale factor band, i.e. the Mp-th bit-plane of the
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i ncreasing frequency. Then the ML-th bit-plane of the
1st factor band is scanned and so on until the M48-th
wheaspsane of the 48th scal e factor band. TheB&T/bi:2097/000338
are marked by '1' in fig.2.,.10 These bits are then
followed in the bit-strean1f6% by the MO 1-th
bit-plane of the scale factor band 0, the ML-1-th bit-
scagpafacsPrt Ransc #iiéhf agrdemhénd if &G G Don TS Mg that

thewgéhéngedbb&tQE@Q%a fs%%%t%ﬁﬁhﬁﬁf%%Ep%iQ%PQﬁA%héﬂ%§%imum
brr'ts are marked 15 by '"2' in fig.2. The process
bitepibinrues ahal dgass! yporilteh fialed chi tsncardked '13£4 rfo right,

., fig,2 and so . on. te that i,n fi.g. 2, the nunberin
Lot DR L ngo R SS AW rE SEL & P g g oo g Poning o
thebilbukkanesecof;chts 96l @ rdldaatley kards rmEmked ih Lok

L2 and the following bit-planes are also scanned as

incgessiinged refmeachut Thenorrdee Miotim®idtt —pliame st the dah

108 generated in this way is arithmeticall oded
fac&grfnga&dprlébémrﬁn@ﬁ ABJelS Pt FE it $H% M@@h%%@lame

S§Fng 8 priobABPATEY fidelor HE i $1i e
of P BRETSSCHIE fraies BV pandinG e NS e oy 2

in wagked 1, 2, 3 or 4, for the other bits, a |lazy node
is entered and the bits are not arithnetically coded
but are left unchanged, i.e. are nmapped directly to

ThelsRe pQYPUL o %%eel}lgtf%ltl%%of he hifs sirearn 108 genendf ade Mg-

by scanni ng it- planes as described above nay
1-t& 9 tCOMMese f RfRr RN mkaWr PRl 9 gnhofvt-heth bit-
error signal values and i nformation about WO
pla2@08/f041e54BCH $EA0H BRABBE ahd tdee araximi the Myg-1-th
bit-planes, i.e., which bit-plane is the maxi num
bitbictlaplead ¢hea ssedlee faadtcor Heared.48.n s edddd my ofmarked
t,he erraqr, si,gnal values in the order 5 illustrated in
by f?g.ént%ggé@ror signal val ues associated with

The process continues analogously with the bits marked '3' in
fig.2 and so on. Note that in fig.Z} the numbering after 4
continues with L1, L2 and so on. The bit-planes of the scale
factor bands marked by L1, L2 and the following bit-planes
are also scanned as described above but in one embodiment,
the bit-stream 108 generated in this way is arithmetically
coded using a probability model of the bits in the various
bit-planes. The arithmetic coding is only performed for the
bit-planes corresponding to the fields marked 1, 2, 3 or 4,
for the other bits, a lazy mode is entered and the bits are
not arithmetically coded but are left unchanged, i.e. are

mapped directly to the output.

Note that the bit-stream 108 generated by scanning the bit-
planes as described above may also comprise information about

the signs of the error signal values and information about
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the low frequency region are not treated differently

fromthe error signal values associated with the high
woe@guersy region. Wien it is determ ned thatPe€teG2007/000338

error signal values are noﬁ7balanced, the error

signal values are processed by 10 the prioritized

bit-plane coding unit 107. This neans that in the ,
theppaxgmiie bdEaPig sSoc ds€ h&TeiGto 1S AN di L ddre maximum

bit%??%%%ah%daW%EBl%h%éd%%ff&%%%ﬁncy region are treated

priority. The prioritized bit-plane coding unit
107 uses a different scanning order which is

iLlustrated in fig.3. 15 Fig.3 sho a representatijan
In 555" SRGIGE Sl s SLatet di T b o Dbodasnt
i11efstihe danventdion.2 Andl egausd s itghdll 2. uddhefiddirated with
signal values are shown in 20 the formof a

thet dewdifmessioaral rAaiap 3B Wedr dinfadach Hdifigwent8os fgfom the
t he _t.wo-di [ I ; : r ds, t or

o ik e A Re TR G R Ea Tl TR

rediow.f mdguerdcy irsegiedre rridm 304 Hatatt leomquricse ss tdrelscal leies

factor hands 0 tQ 24 and a .hi frequency regi on 30
are Hat CGPTCEss (6 SCH FHOFGT PAIIE DG 28 & essce by
theARaliegaysled @;the hide mcﬁﬁ@ldchming_lw I %06 ddhs that in
prioritized 30 bit-plane coding unit 107 determ nes
thef dri tegdlansc alogl Hnge traro cesgn d-ewi g1 Ath e ilirblervadues he

naxi_num bi.t-pl.ane Nk f.ar i.S . or an%g
assf&d@/t@fls‘fépg éf&o#i%%%ﬁ?y %geadllﬁoer{laagebi% -str edaxnﬁtsh
prigenerat athd pamdhie iefgd b isi-gnalne adatting asmm ol 1@hsuses a

. First, the maxi mum bit-plane of the Oth scalge act.or

differgnt seaRAMPIIE hitisihade ol Y& E Factist- 3

band with nunmber 0, is scanned. Then the M-th

bit-plane of 5 the 1st factor band is scanned and so
Fign3 showsort meestrasentsecion 300 of error signal values

according to an embodiment of the invention.

Analogously to fig.2, the error signal values are shown in
the form of a two-dimensional array 301 wherein each column
303 of the two-dimensional array 301 corresponds to one error

signal wvalue.

The error signal values are grouped to a low frequency region
304 that comprises the scale factor bands 0 to 24 and a high
frequency region 305 that comprises the scale factor bands 25

to 48.

Analogously to the bit-plane coding unit 106, the prioritized
bit-plane coding unit 107 determines for each scale factor

band (with the number k), the maximum bit-plane My for this

scale factor band.
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scanni ng order descri bed above wth reference to
fig.2, this is not done until the M48-th bit-plane of

W @348k scal e factor band but only until theCivVRG2001000338
bit-plane of the 24th scale factor band, i.e. only
for all error signal values fo associated with the | ow
frequency region. The bits scanned until then are

TheRppkBETHY Lr 8 St ggReratRen T ToHe thto 8L c Srtiideyalues

as %Uﬂo&z@e 'Ph&%tOf tk@em%}ﬁnuhhbQ_LtLlplﬁln%n%fOfthteh%t%C%lc%le
factor band O, ML-1-th bit-plfane of 15 the scale

factact benBand. . ahuesMoomhubntkpﬂh@eN@i Lhieh sgistle glagiter
of the scale factor band 24. These bits are marked by
bandpwifh ppgber @helgr é@é@@e@onﬂhﬁune§hﬁwéqlo'§é‘uglﬁ’\ﬂltaﬁle of

the bits in 20 fig.3 and the bits marke
the‘&StlﬁaFFQrSEan 1syREPPNERe 2 %@4s§ Th ﬁptﬁ&ngﬁgsgf%o the

scaf\l/légngﬁ ekaeﬁ_»aateger%ea 2hoRas vheen rseamede thheng.thethis

_ bit-plane of the scale factor band wth nunber
is pBL Hdenscanheéd. thkeMsgheMvRé ity Usine wifaré eof Sithe S@@tlﬁ
25 factor_ band is scanned_and so on. In this way,

facgprobandabié srgialstéf the Nty @dﬁerﬁ’é@n@e@foﬁhﬁr 84th

w sc nne m.lar to.the err qr Si v.ial ues of
scalan R EaeREs R r tyon SO EoEhE e ao ot Thr ahe s
assbbead8thwhagt ehcband. r3@qgAkher, thationt.ha tSts scanned

corresponding to the Iazy planes marked with L1 and

unti}? fhepi gre) mprkeRebyane 'ofdlef i@ 4t was expl ai ned
with reference to fig.2. This nmeans that for WO
2008/ 041954 PCT/ S&G007/000338 19 scanning the |azy
Thepl, anks, ptrbeckeswcbnedunercy wied dme $ine dﬁn@mﬂtﬂréaﬁédbit-
with higher priority than the high frequenc
plaH@V\eﬁefchei rcanet Hecterbbaindey e Maﬂmréh n§o of
when_scanni ng the | azy pl anes, the IOM/fre

ther 8GROR 18508 BAEEd LwPPR RPgRer UBiidr 14y q”eqﬂw gy
oLy Bk R 1P st 2. MR Bl 20 il by

'2' in fig.Z2.

The process continues analogously with the bits marked '3' in

fig.3 and the bits marked '4' in fig.3, i.e. until the Mpyg-3-

th bit-plane of the scale factor band 24 has been scanned.

Then, the Mog-th bit-plane of the scale factor band with
number 25, is scanned. Then the Mpog-th bit-plane of the 26th

factor band is scanned and so on. In this way, the error
value signals of the high frequency region are now scanned
similar to the error signal values of the low frequency

region until the Myg-4-th bit-plane of the 48th factor band.

After that, the bits corresponding to the lazy planes'(marked
with L1l and L2 in fig.3) in the same order as it was

explained with reference to fig.2. This means that for
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be scanned first and second, the |azy planes of the

hi gh frequency region are scanned. 10 As nentioned
w@bwsme4195he | azy planes differ fromthe "nor maPCT/SG2007/000338

bit-planes in that the partggof the generated

bit-stream 108 that conprise bits fromthe "normal"

bit-planes_are arithnetically coded while the parts

scagpipfethenéravedBPES /sthEamClod T NS S hiltSs 1O
1onbE@M tLhekaZY; 1Rt nRLRRES AL k3 QAT itHumetiigald
Onéoged. Iﬁ onelenbodPnentP ﬁhe g??-pﬁane coéfﬁg ﬁﬁﬁyency

regl06 . addweNerpr ior Bhiozbe rbiembgiddmendodiing heniinvegtion, also
i mpl_enent an.entro odi ng, ,such as Bit-plane .Qnb .

Wheéongganfléﬁ& he)ge g’%/gﬁa&gﬁsr’oﬁéleeﬁé)&qdi ng 1 eencg}’eﬁfergla ed -°

treBtbdstieam1@Berf @hicexarpltiaaf tele aridmhmtdgalicy region.
encoding the parts of the enerated bit-stream 108

Fort RERMpdRpr LEE B Premethe™ fdvndlov IHaayirgiesedind may

it- e 8.5 f.ar Le tr jqt t ;
R S R G R S i R
freghennfyorematioan anketskhennfear. codi ng the franme bit-pl ane
coding according to the bit-plane coding unit 106 was
applied or whether prioritized bit-plane coding

As AesehdhRG LeokRke Rkl Akt zadid -plfare oM EHNiIthormal "
- 107 was used. In this enbodinment, this information is
bitrpdeneed inntoatthéhsi pastireah 3G meenatlditiwitneem 108

he bit-str 1Q8, t CGf. er - hi.t-st j.e.
thafy 8%@’%&%&3 e, %&chglgdi ﬁﬁm{ﬁ‘%’ﬁt Pg‘ RIAIEEE { od
aritem@Diz@084/0419%%4 RETAISG20R//RG03BSH L 2 hd herreacdiatkehit-

This_neans that the bit-stream 108 and the , output of
strepg ARG Eoding Rt SF02 Ere ftrroé‘hstﬁﬂett % gﬁeﬁ‘f?e]ra”teog are
not! Be 1 LEaRIes1 1 QRe emedigiRNtend it StiRamik0&1ane

fornms a scal abl e Lossl ess Enhancenent (LLE) |layer. 5
coding unit 106 and the prioritized bit-plane coding unit 107
implement an entropy coding, such as Bit-plane Golomb Code

(BPGC) .

After entropy encoding the generated bit-stream 108, for
example after arithmetically encoding the parts of the
generated bit-stream 108 that comprise bits from the "normal"
bit-planes, the bit-stream 108 is for example transmitted to
a receiver. For each frame, the receiver also gets the
information whether for coding the frame bit-plane coding
according to the bit-plane coding unit 106 was applied or
whether prioritized bit-plane coding according to the
prioritized bit-plane coding unit 107 was used. In this
embodiment, this information is inserted into the bit-stream

108.

In addition to the bit-stream 108, the core layer bit-stream,

i.e. the output of the AAC coding unit 102 is transmitted to
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In the receiver, the core |ayer bit-stream and the
entropy encoded bit-stream 108 are separated. The
weposopysencoded bit-stream 108 is entropy deronsc20ancoo3ss
is then fed into a decoder ich is explained in the
followng with reference to 10 fig.4. Fig.4 shows a
decoder 400 _acgcordi ng to an enbodi nent of e
the] KOBRLVSH. T51PnEAER0dDA A0S inﬁr GHIFER v&n}% 3pd the

out laE ster eam 4@t thati i utnq_t QQ)Zdea‘i%dQ:dca@ﬁ‘illeﬁfé@W&%er to

the bit-stream 108 shown in fig.l. As nentioned
theabevelVEhre Bint onter @aﬂpoﬁo&e@@nt aihyes btuterszt(raamtf orJfaticgms a

d | d bit- pl
oo R Ry P R B e S i T G ST exanpl e

the formof one bit mnth the value 1 when prioritized

bit-plane coding was used and the value 0 when
In thEr FECEIFEE- pltife CodGdilig e rad idesdriasdt and rhe entropy

enc{)atear %@%e skQehh91%s WSl e 25 T %n‘@o&af@ﬁccﬁ%

bit per franme 1s introduced as over head €ci sl on
bitusittre403 l1&Balisaes rdipys dercoierhtarah :Lamd;l"suprﬂedasmttdw@

deCBHFFSt&GE%hﬁgﬁe%%'a prlorltﬁﬁfdﬁf it- Iane d %¥%§$nce to

figuged and 30 supplies the bit- strean1401 to a bit-pl ane
decodlng unit 405 when "normal" bit-plane codi ng has
been used. WD 2008/ 041954 PCT/ S&2007/ 000338 21 The

F:Lgpr4| Qhitiszed d*%'ctod]%'ra%od%%%r%&n;f' 3 44 énﬁ&ﬁ{l%&efd)&tosf the
error signal values corres ng to the scanning
1nvemdebnthat is used by the prioritized bit-plane
coding unit 107. This neans that the prioritized

bi t - pl ane decoding unit 404 5 perfornms the inverse

TheOB@E@H'eQn 400 tike diJarddd zed bid 1plane rLoding WHAt is to
107. Simlarly, the bit-plane decoding unit 405
be d@@gd§ﬁr@@ﬁscpﬁ@esponds to the bit-stream 108 shown in

fig.1l.

As mentioned above, the bit-stream 108 contains the
information whether it was generated using prioritized bit-
plane coding or "normal" bit-plane coding, for example in the
form of one bit with the value 1 when prioritized bit-plane
coding was used and the value 0 when "normal" bit-plane
coding, as described with reference to fig.2, was used. In

this way, only one bit per frame is introduced as overhead.

A decision unit 403 evaluates this information and supplies
the bit-stream 401 to a prioritized bit-plane decoding unit
404 when prioritized bit-plane coding has been used and
supplies the bit-stream 401 to a bit-plane decoding unit 405

when "normal” bit-plane coding has been used.
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error signal values corresponding to the scanning
order that 10 is used by the bit-plane coding unit
wae®s/odtwss neans that the bit-plane decodi ng uPCT/SE@RH7/000338
perfornms the inverse operation of the bit-plane
coding unit 107. Note that the bit-stream 401 may al so
be a truncated version 15 of, the bit-stream 10
Theo R A BS e CHECEIE 0T L Rt AP § HACGE Lructs the

errdVaishahlg fon Jde doransip Qﬂ% dd) 4l SscHfshg tdi®ler that

~error “signal val ues generated the prioritized
is bllsedplba?néhﬁaemqmtumetd ¢04:-ahlcﬁrt€heﬁ inglwnd de€tbdiTyts

mealiR (e g BB A O 0 T K S g o T 204 e

per‘i@)@fﬁt@eﬂzk@@rﬂcwﬂéeeroﬁe&%ejl\tﬁﬁ & aotee gmayerithitedtisieamlane

402 as input that corresponds to the output of the
coddng ¢dditndO7unit 102. Fromthe core |ayer bit-stream

402 an AAC decoding 25 unit 406 generates a plurality

of frequency coefficients. For exanple, the AAC
Simdéeadiyng tid toi406 lcorprdesesliageriamd Zerecor@ieructs the

err&rﬁf li{%nc 370 fugﬁ0| eg__tqs ener.at eELLe %}ﬂtx%g%'aéﬁr}%ldne&oodr&eqr that

is LeREessNtdd ¢ of J_tahﬁe cﬁi&ﬁr{g s esn d0IThi €. md ey BH£ the
3

not an accurate 30 reconstruction of the frequency

b1 topdfiec idanost igehamditte of By Rt o NS Jtrnqu&nsopenﬁétlon of
thel %%%A%@é oef d I@J%%q}l.ﬁ_q{l%ofoeffl cients gener at ed by

&codi I's enhanced by an inverse
error mapping unit 407 using the error signal values
WO 2008/041954 PCT/SGQOO? 000338 2 ener at ed
Notgr g A

of Rine @1%”%&%?{0'1% unmii 403y TeshRecddvel Yecdiis dransy
that to each frequency coefficient generated by the

banaug d tde ddd th g suri ia 1466 keh ef @orttess porra 18 £ ¥k - styndhis

cas\ég:c)p%%nésuﬁlc?:d%%%naﬁh%a q.%eoéJ eq{efyﬁaed r%?rtc‘f?e eﬂf.%rltlzed

bit-plane decoding unit 404 and the bit-plane decoding unit
405 are approximations of the error signal values generated

by the error mapping unit 104.

The decoder 400 further receives a core layer bit-stream 402
as input that corresponds to the output of the AAC coding
unit 102. From the core layer bit-stream 402 an AAC decoding
unit 406 generates a plurality of frequency coefficients. For
example, the AAC decoding unit 406 comprises a de—quantizer.
The frequency coefficients generated by the AAC decoding unit
406 are only a lossy freguency domain representation of the
audio samples 101 i.e. they are not an accurate
reconstruction of the frequency coefficients generated by the
IntMDCT unit 103. The accuracy of the frequency coefficients
generated by the AAC decoding unit 406 is enhanced by an

inverse error mapping unit 407 using the error signal values
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inverse IntMDCT unit 408 perform ng an inverse integer
nodi fi ed di screte cosine transform generating received

w@owso41®84 sanpl es 409. Dependi ng on whet her theCT/SG2007/000338
bit-stream 401 is a trunca version of the
bit-stream 108 or not, the received audio sanples 409
are a Ioss¥preconstruct|on ar a _| ossl ess

genegagRst PYctien PELOtHE 1468 &idamiads FPLOdEsq e 404 or
theegde?q%%% deheaWqt chabkl & oy t ﬂ@éﬂ@%ﬂ¥¥§ﬂ¥1(ﬁ¥¥g3means

he usage of prioritized bit-plane coding or

thatnosomeakth ﬁmeqmbam@ @mﬁﬁﬁ}qﬂgnauganynﬁt@méneﬁéﬁgfﬂﬂ
descri bed a is used

di.stri but.i \
de PP Eniik RO ST NEREF R sy & (el dague 1s
addeadi ng (SLS). The perceptual quality 20 achleved usi ng

SLS with SBPC has been conpared to the perceptua

qual ity achi eved using the original SLS for standard

The E@guta%‘}' ‘Ehteesitn GALENGESr T%?&%@%dlstomd’*ﬂ%sd% to an

rious |nterne iate rates usi'ng Nolse to Ma
inv@atsleo InttNUR)T anmxit(lép@clpaxefcmnhfreg enc e rGreades (J@D@)ger
measurenents. Four .25 hit-rate combi natii.ons wt A%F
celv audio

mOddg LG DI HSEEE M OFE g T2 HHtF 2 1oL 1 e
sam@nRaneeentpbidrdidie o MH@P%H@\&tW&ﬁ%f Qs a

esting. The results are illustrated in table 1. NWR
trugpgteCl G r$2Prkings tFENE tS1s% 135150 |1r9&r (ﬂ/rerfEOtSLSF@_Secelved

aucp A Uoshsr <o 1Y SO L Iy 5 Losgjess

recdnét rubt83n bfl4H: 6%dikl ackaridisani12. 46 -5. 50 3. 04
-0.81 -0.73 0.08 broadway 3.58 -1.78 5.36 -2.70 -1.76
0.94 cherokee -2.67 -6.05 3.38 -0.91 -0.80 0.11

In one embodiment, the switchable bit-plane coding (SBPC),
i.e. the usage of prioritized bit-plane coding or "normal"
bit-plane coding depending on the energy distribution as
described above is used in the implementation of MPEG-4 audio
Scalable Lossless Coding (SLS). The perceptual quality
achieved using SLS with SBPC has been compared to the
perceptual gquality achieved using the original SLS for
standard MPEG-4 audio test sequences. The comparison was done
at various intermediate rates by using Noise to Mask Ratio
(NMR) and Objective Difference Grade (ODG) measurements. Four
bit-rate combinations with BAAC core bit-rate at 16 and 32
kbps and a lossless enhancement bit-rate at 192 kbps have
been used for testing. The results are illustrated in

table 1.

NMR ODG

(16+192) kbps

ITEMS SLS SLS Improveme | SLS SLS Improve

with nts with ments




cl ari net

-3.26 -6.18 2.92 -0.91 -0.79 0.12 dcynbals

-0.18 -0.77 0.59 -1.63 -1.55 0.08

W@2m8/04@505 -1.22 0. 83

etude -2.47 -5.63

flute -3.23 -6.27 3. 04PcRSGH07/000338

-1.95 0.79 fouronsix -3. 902700 3.10 -0.97 -0.86

0.11 haffner -2.55 5743-139-1.12-0.88024 nf v

-1.98 -4 25228 -2 45 -1.58 088 unfo -3.45 -6.05

2.61 -0.83 -0.79 GEFS vioIin-3.44-6.59\S?§c |71

ndyel 044 3 G 598 2 93 BR300 19 9409 (.69

ave verage 2. 96 U, ?3 ?3‘%}192) kbps avemaria {14.44 -6.61
bla2kirdtin68 -2.46|0-52 50| ackandt.8d |- 30181 5. +9.2318 0.08

-0.80 -0.178 0. 02 bro v.1.33 -2166 3 991 2 g0 1 74
brogcgsy cherok%e58‘ 7778 169 2.42-36 o7 20! B2 01116 0.94
ch St ¢ ”ET ~4.3Te7 6. =089 @7 @ P deymeals o.11

© 8 .138 %1%3 -1.50 -1 50 0.00 letude -38.98 -6.34
cla213%t 1 89 -3.28 —&ﬁ]ﬁf ute -3. @2 - 77822 360-.2%46 0.12

-1 85 1 Iioujlr_(lncn X 482 732 =N 000 -0-82
dcmbeés haff_g"?-l%. 6796708 2.360- %901 '—76:—%% 01355y 0-08
etug% ST % |- LsLx3 1. 37 03786 Ui o4 141-8224 .83

10 -0. 84 -0.78(0.06 vijiolin -4.60 -7.34 2 74 -1.145

fluté 28 0. 17 -3wabkdz ~-Xx.&3¥ 1 5.98 2. 2@4 -0-B274 (. 78 .0507 0.79

Avar aona ’)_ 28% 2 ﬁA\A% 2 O 1_9419 __r T/ Smgn 7L0n0%r)o
foufffmég?f be s'e%ngﬁorﬁ t@é) resul t 11I9 TQ?TL ZI I —g)i't-rat 0.11
hafgt‘%@i" &ﬁ/ﬂR' oNsy . 5% Wg iy SPPC achi gwels Lprpyvenenigy on  0.24
mfv -1.98 -4.25 2.28 -2.45 -1.58 0.88
unfo -3.45 -6.05 2.01 -0.83 -0.79 0.05
vioclin -3.44 -6.59 3.15 -1.71 -1.27 0.44
waltz -3.04 -5.98 2.95 -0.84 -0.75 0.09
Average 2.96 0.39

(32+192) kbps

avemaria -4.44 -6.61 2.17 -1.68) -1.15 0.52
blackandtan -3.01 -5.19 2.18 -0.80| -0.78 0.02
broadway 1.33 -2.6606 3.99 -2.60}) -1.74 0.86
cherokee -3.27 ~-5.69 2.42 -0.92 4 -0.82 0.11
clarinet -4.37 -6.87 2.50 -0.801 =0.79 0.01
dcymbals -1.06}) -1.38 0.33 -1.50 -1.50 0.00
etude -3.98 -6.34 2.37 -1.891| -1.23 0.66
flute -5.42 ~-7.78 2.36 -2.46 1 -1.85 0.61
fouronsix -4 .82 -7.32 2.50 -0.90 1| -0.82 0.0¢°
haffner -3.67 -6.03 2.36 -1.01 -0.88 0.13
mfv -4.16 -5.73 1.58 -2.151! -1.37 0.78
unfo -4.14 -6.24 2.10 -0.84 -0.78 0.06
violin -4.60 ~7.34 2.74 -1.45} -1.28 0.17
waltz -3.63 -5.98 2.34 -0.82 | -0.75 0.07
Average 2.28 0.29




10

15

20

25

30

and ODG val ues conpared with the results of the
original SLS. 5 The inprovenent is very significant

wo eroseoryes unbal anced audi 0 sequence such as nPET/862007/000338
Mor eover, the quality of diff,erent types of audio
coded by the SLS with SBPC is nore stable at sane
bit-rate. It is also worth to note that for the
sequences naned dcynbal s. wav and haffner.wav, the 10

Tt SQRL@%G%BBS £abe TREILRA] tEhe n-easeR i3 1t Ratc-rates
cynmbals.wav is a very bal anced audi o sequence and
comPBRELwOhE , bELSewddin SBRCt elvdd eores Aswpaavemgnts tdne both NMR

ando BBt e T BhE BPRGERal BPC T hait S0 "Gt o0 by P SIS

ThebitippbaBfRece@diiBg vieriyt s1Q6.1 fivare ffor Fommfunterlamwed audio
as the quantization noise for this _sequence is ,
SeqHPRERJFUGH BE BHAl-MadonPRIE® ViR h ther e ddquecssifferent
typblorl HRHOLCIRALY by A0 \Aus lhpha Auplid %stable at
saturation. I'n the follow ng, an enbodi nent is
samdebtti-hadeacdar disnglise w20 twhitch ndie drvadr fsigrdle

val ues are not. divided into t ions (I
e PaGG N B9 g FEHTE] Sa R SRITEF 51 o s
impS¥Rkabned abevaabytinane dind dediddH a4 Mee: IRYNMSls.wav is

namely a |ow frequency region containing an energy
a vEky happddled alcdquesePare Gmct By i &e eﬁﬁércgcvﬁ EM

.an hi_gh.f.req 25 regi .cont ai nj :
Sngﬁgeﬁoronéxgﬁp%e%%{éhQ%t@ tsl,lc;%glce%flgl%oo?f E)gan saal;r e gr oucpeedls
almlfsaﬁh;chhatsam‘écaﬂse thactoore hanidsy GHeo A dieladnPRO® et is

ow frequenc regi on, scale factor bhands 21 ta 44
Caf%éﬁ@n@uftobﬁ’héhﬁi Fite PIG é@j%ﬁkﬂ/ UHES& %%n#@ga% e °r
hafieaek0fakands 49 QA helangd Goitdte MOk HiLHEeN®hce is

n
regi on. Al so, other associ ations of scale factor
alreanys auitle fsmedueroppeericons: tdy e1qassli Hieyusges, the

eSO Pe et oG er e Uood o 1A (hE e Thowm T r
figure 1. The differences are illustrated in figure

In the following, an embodiment 1s described according to

which the error signal values are not divided into two

regions (low frequency region and a high frequency region) as

explained above but are divided into three regions, namely a

low frequency region containing an energy Ep, a middle
frequency region containing an energy Ey and a high frequency

region containing an energy Ey.

For example, the 49 scale factor bands are grouped such that
scale factor bands 0 to 20 belong to the low frequency
region, scale factor bands 21 to 44 belong to the middle
frequency region and scale factor bands 45 to 48 belong to
the high frequency region. Also, other associations of scale

factor bands with frequency regions are possible.
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5. 5 Fig.5 shows a (bit-plane) encoder part 500
according to an enbodi nent of the invention. The
W@ biosoploshe) encoder part 500 is in this enbodPeEsG2007/000338
used instead of the deci si unit 105, the bit-plane
coding unit 10 106 and the prioritized bit-plane
coding unit 107. Accordingly, it is assuned that t
T ERCBIBREPSITEB0D Rolaryedenthenoisr Srytaeateradas one
shol¥ tRerefheE ARPRHLBY QY RiFk rkO4e@S arlNRUlu AR BREOAY figure
conprising the encoder part 500 can al so be
5. inplenmented without AAC Core (corresponding to SLS non
core 15 node). The encoder part 500 conpri'ses a
deci sion unit 501 into which the error signal val ues
Figabesheds Zhgbdecbshar)uerinicodll paettestinescshetimey Hdhen
error signal values are balanced. 20 In this
embeppBaNfeRL, thRe 18VPOI 18 gnal val ues are considered to
be balanced if ti= EL - EMS0. EM 25 If the error
signal values are considered to be unbal anced (i.e.
Thendgbibabancel) eacsdamnivagtl &0l 1Sl iins tdelsecmibdiment used
. ccarding. tao 1.if 0<'r<, 0. 3Q,SL.=.2 if 0.5ti<0.75 .
1ns§ERA" B Ineo8eB 10603008754 1954 PER BRIGGHATC0RE s Uit
106TR8dSEaBNbRE ohrevelzelis pset-1en@ idodihe eriar 1gignal
val ues are bal anced. 5 Cbrrespondingty, if the error |
Accgrgﬁaglya|g@slgrQS@@m§pd§m@@ ttdre encoder part 500 receives

the error signal generated by the error mapping unit 104 as
input. An encoder comprising the encoder part 500 can also be
implemented without AAC Core (corresponding to SLS non core

mode) .

The encoder part 500 comprises a decision unit 501 into which
the error signal values are fed. The decision unit 501

determines whether the error signal values are balanced.

In this embodiment, the error signal values are considered to

be balanced if

By — B
= 2L 7 "M o g

Em

If the error signal values are considered to be unbalanced

(i.e. not balanced) a scanning level Sy, is selected according

to

1 if 0< 1t <0.5
S;, = 12 if 0.5< 1 < 0.75
3 if T > 0.75
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be unbal anced, a first checking unit 502 checks

whether a first condition is fulfilled. The first
weorvdiosiosn is fulfilled if ti 5 OS. 10 If theCt/s6E07/000338

condition is not fulfilled ggsecond checking unit 503

checks whether a second condition is fulfilled. The

second condition is fulfilled if "c < 0.75 . If the

error signal values are considered to be bal anced, a

Thelécghhl%tgr @%‘Pe@ogs' SAeny at e furmdheerdynsl gndlues are
val ues first bit-plane coding unit 504. If the

bal@mm@d.3|gnal val ues are considered to be unbal anced

and the first condition is fulfilled, the bit-stream

508 is 20 generated fromthe error signal values by a
CorsRepaedlingiyl,ane teedigigdnidi bl (tdiises sadenoiredti dyred to

scannlng I"evel 1). If the error SI nal val ues
be @@ﬂ@@ @éer@élirt @ B i Ahaedd YWhe f Yo sk (TRmE S 2
fl]f'%qi:: F‘)Icfl 1@%&1@131%239”%@@1§é’@%or?&ﬁ§0n is

e bit-stream 508 is generated fromthe
ful&hﬂa@csughai<valﬁes by a third bit-plane coding unit
506 (this is denoted by scanning level 2). If the

error signal values are considered to be unbal anced,

1 3Qd e A4 Horeandidr ans irfonotufed fidd ed %wbm@ecxs@@mm
condition is not fulfilled, the bit-stream 508 |s

unlgerﬁér%t@qu%mhertélerera T &Ihaf Ot RN byS at $ bk tied- The
bi t IS & ot ed by
Secsoé‘gn%ong evg] r% %];%098‘? 014"*119%4‘ SF(>)c:TG|7/%2‘,Gz007/ 000338

27 lllustratively, the bit-plane codlng units 504 to
507 code the error signal val ues dlffer

If |tdfelod THE iDL YWY %rPer%rQ%?s%‘%{m %‘F Val s %Jfali‘%ed a

pit-OW fRAURNCY; J Qﬁalr%h:at-@? br s0di Ry @ﬁfé@rﬂﬁ@n@y t4ieues by a
first bit-plane coding unit 504 can be considered as

f i modilig adleorali gagling "wWokte?@4 bi t - pl ane  scanning. The
codi ng performed by the second bit-plane coding

If the error signal values are considered to be unbalanced
and the first condition is fulfilled, the bit-stream 508 is
generated from the error signal values by a second bit-plane

coding unit 505 (this is denoted by scanning level 1).

If the error signal values are considered to be unbalanced,
the first condition is not fulfilled and the second condition
is fulfilled, the bit-stream 508 is generated from the error
signal values by a third bit-plane coding unit 506 (this is

denoted by scanning level 2).

If the error signal values are considered to be unbalanced,
the first condition is not fulfilled and the second condition
is not fulfilled, the bit-stream 508 is generated from the
error signal values by a fourth bit-plane coding unit 507

(this is denoted by scanning level 3).
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unit 505, the third bit-plane coding unit 506 and the
fourth bit-plane coding unit 507 can be considered as
weomshgo30 according to "prioritized" bit-planeCT/SG2007/000338
scanni ng. Thereby, the fourt:h bit-plane coding unit
507 can be considered as coding the error signa
val ues of the |ow frequency region with highest
priority and the third bit-plane coding unit 506 can
111R81¢aRSHEeREd % ARG dte RIdielg Signal 3 ues 317 tdwle
 ow 15 frequency region with second highest priority.
the‘kl)'leeerbirt sploaad oediveg wiiths B querB0 2 kel i FF gt ity of
i t-plane scanni.ng orders t [ t-sStr
th95§§.r°fh§l§i er_\fé—’lr%tu%sbiot -~ fng%g%ﬁ%%%egs&aoﬁ{é FHE
codeXR Rieredried hey frold dwimg Witth-@hineferdinge ol it HH4 can
representations 600, 700, 800, 900 of error . signa
be gongdsiedivsn?s FI9igle eSH 1B % tr}%‘f%]pré%le%‘tg@t%%s
sc QQQngzo%hesgz%di% e A8 Al g 1R, fl gUr&scordd 3tk 3144 coding
Its 'scanned firstly according to the 25 correspondi ng
unihi 50, anées cdninich g ior-gerarer ecarhirkedabiyt ' 306 am@d thy tiourth

. scanned secondly .ac ing to the correspondi it-

b R S CHITHG Srdor , TR d By O H paLtid
accfanned td higydl o acicardi ng - 1dee cocdeshondi Tigereby, the
bit-pllane scanning order are marked by '3, the bits .
fobg@én@mrtaﬂqp Al Hy Z tERR e CoRr kiRl i coding

it-pla canni k L4 '
L B L B e vy
highdsaz pmeds, t whareithd hehbid somaribahe Ld9dae wrhhngde can

before the bits rked ."L2" are scanned. WO
oo Z0U GiFLSH FCHS B0 25 B 6/Shors 4F the Lov

WS

frd RRIRSEUAH QD B0 eI Orhsdignat yal sestyaccor ding
to an “enbodi nent of the invention. 5 Anal ogously to

fig.2, the error signal values are shown in formof a
Thﬁt %i_t?—i%r?ansel O@o%ir?irﬂitﬁg% eLs! @O?aﬁge coi HAD 603 b?’E—plane
e -di nmensional array 1 COffESpOﬂdS to one error
scanning orders to generate the bit-stream 508. The different
bit-plane scanning orders are explained in the following with
reference to the representations 600, 700, 800, 900 of error

signal values shown in figures 6 to 8.

In the representations 600, 700, 800, 900, similar to figures
2 and 3, the bits scanned firstly according to the
corresponding bit-plane scanning order are marked by '1', the
bits scanned secondly according to the corresponding bit-
plane scanning order are marked by '2', the bits scanned
thirdly according to the corresponding bit-plane scanning
order are marked by '3', the bits scanned fourthly according
to the corresponding bit-plane scanning order are marked by
'4'., The bits marked "L1" and the bits marked "L2" are coded
using a lazy mode, wherein the bits marked "L1I" are scanned

before the bits marked "L2" are scanned.
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signal value. 10 The representation 600 illustrates
the bit-plane coding order wused by the first
wordspkane coding unit 504. The bit-pl ane scanPCTi§G2007/000338

order is simlar to the onejygxplained wth reference

to figure 2. 15 First, the nBX|nun1b|t pl ane of the

Oth scale factor band, 1i.e. the MOth bit-plane of

the scale factor band with nunber 0, is scanned. This
Flg”@agﬁohgah EEE rgereratednbichostoreamrd@8 siginant sraliuds

the bits of the maxi mum bit-plane of the first 20
accecdiiegf &ot en bakedimemt! oft the dAinglenitione. starting

with the error signal value corresponding to the

| onest frequency and proceeding in the direction of
AnaﬂagbaéiyngofEQ@uencyheThemo&h@lqm&ﬂIvdmueqﬂaruasMbWﬁuan

1st factor band is scanned and so until the
forpi pLpPah¥ o iIKE S4QPR Ls @41 Y a@@tlolw " 55 Cthé$ %Tlr{ 03

f: 0l
o« 818, VL LaLIgUedely sl ok it f e o

signedl @alfugct or band 1 and so on until the Mi8-1-th
bit - pl ane of the scale factor band 48. These bits are
marked by '2'. 30 WD 2008/ 041954 PCT/ S&007/000338 29

TheT%pE}%%"é@ft%tﬁ%@lt ignwes 1analtagaiss i thid-he did scodimkedrder
3'in fig.2 and so _on wherein the after 4 the

uSG§C@Wh¢@@ ﬁﬁ@@és@lﬁﬂﬁﬁﬁqﬁu%94M391%qﬂ¥kQQ% L1, L2 and
so on. 5 As nentioned above, this bit-plane scanning
order can be considered as "normal" scanning order.
TheFiog t7pSoms saareyimes entdaty drs Z0Gnidfamerhortist g explained

val ues according to a
I s é{gure %.enbodlnent of the invention.

First, the maximum bit-plane of the 0Oth scale factor band,

i.e. the Mg-th bit-plane of the scale factor band with number

0, is scanned. This means that the generated bit-stream 508
starts with the bits of the maximum bit-plane of the first
scale factor band from left to right, i.e. starting with the
error signal value corresponding to the lowest frequency and
proceeding in the direction of increasing frequency. Then the

Mi-th bit-plane of the 1st factor band is scanned and so on

until the Myg-th bit-plane of the 48th scale factor band.

These bits are then followed by the Mg-l1-th bit-plane of the
scale factor band 0, the Mj-1-th bit-plane of the scale
factor band 1 and so on until the Mgg-1-th bit-plane of the

scale factor band 48. These bits are marked by '2'.
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Anal ogously to fig.2, the error signal values are

shown in formof a two-dinensional array 701 wherein
we@2awhoewsum 703  of the two-di mensional arrayP@D3G2007/000338

corresponds to one error shgnal value. 15 As

expl ai ned above, the error signal values are grouped

into a low frequency region_704,, m ddl e frequency, ., .
Ther@gpeﬁsmogﬁam&Sh?&ﬁlpﬁ@a&&ﬁcw%@git@ﬁ Figs FoTHRe 130 dn
£ig" OPEAFCREALKORLEQR 1l kgl pates Uhe Rl lsRldNe £ HiRGss

order wused by the second bit-plane coding unit 505.
contheubist wdthe&ihe508 tiss Igenéated fsco@rt-he error signa

values as follows. First, the maxi mum bit-plane of

the Oth scale 25 factor band, i.e. the MO-th bit-plane

As Bbnthenseakbeokagt @hishand -plbhawren ity ia-deaneed.be
Then the ML-th bit-plane of the 1st factor band is
congédprred asd"8ersal"l §CeoMiNgstP1E % -he scanni ng order
descri bed above with reference to fig.6, this is not
done until the M48-th bit-plane of the 48th scale 30
Figf. Actbowisand reutesring agrdton 70fe VR Grrte histi-galadnevadfuashe

20t h scal e factor, band, i only faqr, all error
accergpag %Qlﬁgse SSGEE, %eﬁﬁéﬁﬁ$tﬁﬁ§q Y¥equency
region (assumng that the scale factor band with the

nunber 20 is the scale factor band WO 2008/ 041954 .
AnapoyprSE200L0G3338 , I aniett athe ingHe sta ffbeyre shown in

ssQ@ci_a B l.qw _f i+ [
o B B A RS R R AU A T 703
of Theniwichelipracassadontrinayes 0l tdottesduirtds dfo tdre error
. MD-1-th bit- plane of the scale factor band 0, the
S19PBL1 Ve Y5i-t - pl ane of the scale factor band 1 and so
on until the M2O-1-th bit- plane of the scale factor

band 20. These bits are marked by '2' in fig.7. .
As explained above, the error signal values are grouped 1nto

a low frequency region 704, a middle frequency region 705 and

a high frequency region 706.

The representation 700 illustrates the bit-plane coding order

used by the second bit-plane coding unit 505.

The bit-stream 508 is generated from the error signal values
as follows. First, the maximum bit-plane of the 0Oth scale

factor band, i.e. the Mg-th bit-plane of the scale factor
band with number 0, i1s scanned. Then the Mj-th bit-plane of

the 1lst factor band is scanned and so on. In contrast to the
scanning order described above with reference to fig.6, this

is not done until the Myg-th bit-plane of the 48th scale
factor band but only until the Mpp-th bit-plane of the 20th

scale factor band, i.e. only for all error signal values
associated with the low frequency region (assuming that the

scale factor band with the number 20 is the scale factor band
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10 Then the maxi num bit-plane of the 21st scal e factor
band, i.e. the M21-th bit-plane of the scale factor
whaovd/owiosh nunber 21, is scanned. Then t he MPRET/HG2007/000338
bit-plane of the 22nd factaqy band is scanned and so
on.hThis is done until the 4 15 th bit-plane of the
. 20th scale factor_band, i.e. for all rrar_signa
Wlt@aFB@shé§§8§FaP88bﬁFtﬁs§9§lﬁFﬁﬁ{é”F¥b&§§%g§wv FiBFeY
regB85UMrRg bhak thensedl enfraat ehdhand annddr ke yumer in
44 is the scale factor band with the highest nunber
figagsociated with the mddl e frequency region and that
the 20 scale factor band with the nunber 21 is the
scale factor band wth the | owest nunber associ ated
TheW, t Rhehe risicddlse conequerey wiregiton) bifese hiles My-d-th bit-
marked by '3" in fig.7. Then, the process continues.
plawet bft hbebiskslef faludov?baba 0,25 Hs Mipllartd dfitttpdane of
scal e factor band 21, the M22-1-th bit-plane of the
thessghé ef dacdrhana2 and s o oty the Moo 114 Ryt
pl ane of the scale factor ba 4 These bits are
Plapgr Réd P SCaLS faGt@ry Page %ﬁ)enflﬂteﬁee iRy marked oy
1ocqntisnyes with the third nost significant bits of the
| ow frequency region and the fourth nost significant
bits of the | ow frequency region (bits marked '5" WO

2008/ 041954 PCT/.$&G2Q07/ 00 '6 '
T ARl AN BB ¥ 05T e B Ak S s .

i.elhene t3e -sCamiidi®pleerd idluaherddaldiefddtiod st with
significant 5 bits of the |low frequency region and

nunbleer 2dyr tils mestnnesi.gAifdarcdrite Mas-9f e mia eof the 2Z2nd
frequency region (bits marked '7' and '8 ) which are

fackeanieddanal cyousap BRq RO bits Tarked dBe aiy-tlqthe Mag-
th I:Iﬁ)i(%éfptlearnet I?) ! 'thteheZOft ursca SeF tsa{gcnolrf‘l]gaa{]é, bii .tes. OgOJ:t hae_Ll
error signal values associlated with the middle frequency
region (assuming that the scale factor band with the number
44 is the scale factor band with the highest number
associated with the middle frequency region and that the
scale factor band with the number 21 is the scale factor band
with the lowest number associated with the middle frequency

region). These bits are marked by '3' in fig.7.

Then, the process continues with the bits of the Mpj-1-th
bit-plane of the scale factor band 21, the Mpp-1-th bit-plane
of the scale factor band 22 and so on until the Mg4-1-th bit-

plane of the scale factor band 44. These bits are marked by
"4' in fig.7.

Then, the scanning continues with the third most significant
bits of the low frequency region and the fourth most

significant bits of the low frequency region (bits marked 'S5’
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frequency region are scanned fromleft to right, i.e.
the bits marked '9" to '12'. Finally, the bits marked
WO b8/041952' and so on are scanned. 15 Thi s happESG2007000338
"normal " order, i.e. starti fromscale factor band
1 until scale factor band 48 for all bits marked 'L1

and continuing with the bit nmarked 'L2' of scale Cqy
anc A6 &1 MBS SRR Ee B R IR e TR T garked 1
andf aetor band 48 and so on. 20 Illustratively,

according to the bit-plane scanning order shown in
fig.7, first, the nost significant bits and the

second nost _signifi i f e r - Voo
thefgoths Feahndrd cohtiiuall Wl e G iREIn s cant
bit@ndft k@esaoand resiendy Yiegiidd cant tid fofrithenadtddl e

. frequency region are scanned,_then, the third ant
siogidricAndamt thi 0 &h¢ THEFGUTIPMERCY Sighidh it Hitd ked
17108, he ghgw fnequency J oG ank imed, td helb die marked

third nost significant bits and the fourth nost

'3'siaguni f'i4cant bits of the m ddl e frequency region are
scanned, 30 then, the nost significant bits, the
second nost significant bits, the third nost

Af S OMHEC anth bifdess rard dthes fpuirficamstbitsd gff fileattidiits
of the high frequency region are scanned and WQ

£ repyGEE)cY4 KSR OPCHISGEIGIOOD F3PM 32 &Y 4 |5 Iftye 1.0 the

bt if@éﬁg.@,t§ﬁgnqj§qanned according to the "normal"”
order. Fi g.8 shows a representation 800 of error
signal values 5 according to an enbodi nent of the
. invention. Anal ogoysly taq fig.7,, the error_signa
Fingailves ¥ %‘E[%ﬁj{e%lo'llﬁ’l of &% Wit mshSbriHiS arHEed-
Thi80hAMRIEI N eachh GRlIuns 803, of . 4 hesdave: thgrensimnatale
array 801 corresponds to one error 10 signal_val ue.
factor band 1 until scale factor band 48 for all bits marked
'L1' and continuing with the bit marked 'L2' of scale factor
band 0 until the bit marked 'L2' of scale factor band 48 and

S0 On.

Illustratively, according to the bit-plane scanning order
shown in fig.7, first, the most significant bits and the
second most significant bits of the low frequency region are
scanned, then, the most significant bits and the second most
significant bits of the middle frequency region are scanned,
then, the third most significant bits and the fourth most
significant bits of the low frequency region are scanned,
then, the third most significant bits and the fourth most
significant bits of the middle frequency region are scanned,
then, the most significant bits, the second most significant
bits, the third most significant bits and the fourth most

significant bits of the high frequency region are scanned and
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As expl ai ned above, the error signal values are
grouped into a |ow frequency region 804, a mddle
wo e@gersy regi on 805 and a high frequency reptDBGB0E000338
15 The representation 800 iljustrates the bit-plane
coding order wused by the third bit-plane coding unit
. 506. The bit-pl.ane scanning order differs f,on1ﬂye1§pe
fingldVai 16§ TEHAGERG efilE EFIY Y AF PR e 0°
ok Riah @ Mesfersignificant bits of the | ow frequency
region (marked 131) are scanned before the nost
significant bits of the mddle frequency region
. (marked '4'). Thi rd.
g B B g R TR e ll” el or CRE ] ot e
acddrequeney kegicamodirertesifeathd dttenteraror  si gnal
val ues of the m ddle frequency region conpared to the
bit-pl ane scanning or explained with reference to
il : B G5 0 i i Q0% of r&rdwn in
Anasﬁogr?éﬂ altljﬂegfl%é?go\ﬁ%gé%gﬁ:%gnﬁldﬁ;rbent o?gthe
formwenta dvo-NBnROGE/OYI9 54 RET/ SR 000008 3F; clzzcolumn 803

Anal ogous].y to fig..7, the or_signal v
of SRGut it PR ST (i el ST YL 001 haraer
siggRaheolygm 903 of the two-di mensional array 901

corresponds to one error signal value. 5 As expl ai ned
above, the error signal values are grouped into a |ow

As ferx%(iléef}hceyd raef%vcg' N4 &\ Ad & {Leaiencys regh o ddSed into
and~a high freduency region 906. 10 The

a Umpresentatdyon Gt 9ust ratesidhe Dieqpdare ceiony 805 and
order_ used by the fo (gg bit-pl ane codi ng unit 906.

a hgh dinedy é%%ﬁﬁ?hgg der differs fromthe one

explained wth reference to fig.8 in that even the
fourth nost , :
The representation 800 illustrates the bit-plane coding order

used by the third bit-plane coding unit 506.

The bit-plane scanning order differs from the one explained
with reference to fig.7 in that the third most significant
bits of the low frequency region (marked '3') are scanned
before the most significant bits of the middle frequency

region (marked '4').

This can be seen as further prioritizing the error signal
values of the low frequency region with respect to the error
signal values of the middle frequency region compared to the

bit-plane scanning or explained with reference to fig.7.

Fig.9 shows a representation 900 of error signal values

according to an embodiment of the invention.
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15 significant bits of the |ow frequency region
(marked '4") are scanned before the nost significant
whrdog/oaMss he mddl e frequency region (marked PGI/$G2007/000338
This can be seen as furthersprioritizing the error
signal 20 val ues of the Iom;?requency region with
respect to the egror si gnal val ues of .t he m_ddl .
Anaipggudh¥y tPeditn 'colPsr 840G LRIV M d1iERe 2 SEafhiong
forfl o€XR! ai;RediwkhBibater apeayt 9ofll Gn@relife dbichr Holeam 903
508 is entropy encoded, for exanple according 25 to
of hheatwbhagneosdetirhgaseheame ) lbyoar esponsisy tOodleg ST
.i 503 %?nerating an entropy encoded bit-stream 510. In
9Pfe &RtIGpy encoded bit-stream 510 the information is
cont ai ned whi ch bit-plane scanning order was used,
that is 30 which bit-plane coding unit 504 to 507 ,
As geRpeéraned pReVEIt thet CEAMISGE INPHI IEIdIFoRd S GEOMPS) 1nto
a l%lﬂo%%eg{kﬁ@? 2 ibhe oaudi @ siigpale Hhquthriehii@od W5 and
I'ts per frame have to be transmtted per frame. In
a hagda émbodiement rethene®deder is WO 2008/ 041954
PCT/ S&2007/ 000338 34 inpl emented based on SLS. In
this case, one reserved bit per frame can be used and
TheOREp@¥LELa thitt dpen ofor ane Ras dte heiised.t~pliwe coding order
conplexity is only increased by one conputation of the
usevlabcrethepépwrﬁéln@.ltspﬂd@n@eméfn%éﬂltc:)rgrDQ’Gespondi ng to
t he encoder part 500 is described in the follow ng.
Fi g. 10 shows a decoder part 1000 according to an
Theephadipmamnte sHnofi nighe rdwre rtii fofe v sTHer e cdde rorparax g ed
. corresponds to the encoder part 50 shown i.n figure
with referengsed rg]létJ '%edﬂblgﬁha% it Qcthoet Wredsddr 400
sigRReWR it fHigw & 7 vhrstiead Mfedh dlecisy h Umdr i 408,) are
the prioritized bit-plane decoding unit 404 and the
scapined before the most significant bits of the middle

frequency region (marked '5').

This can be seen as further prioritizing the error signal
values of the low frequency region with respect to the error
signal values of the middle frequency region compared to the

bit-plane scanning or explained with reference to fig.8.

The bit-stream 508 is entropy encoded, for example according
to an arithmetic coding scheme, by an entropy coding unit 509

generating an entropy encoded bit-stream 510.

In the entropy encoded bit-stream 510 the information is
contained which bit-plane scanning order was used, that is
which bit-plane coding unit 504 to 507 generated the bit-
stream 508. This is done for every block (frame) of the audio
signal 101. Therefore, two bits per frame have to be

transmitted per frame. In one embodiment, the encoder is
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pl ane decodi ng unit 405. The decoder part 1000 is

supplied with a bit-stream 1001 that is to be decoded
wa@pasoosesponds to the bit-stream 508 shown PRPOI/86G2007/000338

fig.5 The decoder part 100Q4 s further supplied with

the information (which is contalned in the entropy

encoded bjt- stream 510_as nti oned above) which

imphppepFsAePeE§ANPRgSEFder ™ SuSéF & orP1Je §F§?Wﬁ§'FHt ber

fraﬁétc§hrB@”h§leuth@he'%xWEbC%1tb@brmﬁ¥ﬂmdﬂﬂﬁéﬂidﬂbd used.
to 507 generated the bit-stream 25 508. For

Theexamp&exxtm15nporlwatlm@rxre@51e§l e oheareTRafe oot the
l n1tt§g to the decoder conprising the decoder part

va TSO@ B sp&l1Ty the bit-plane scanning |evel/scanning

order. For 30 exanple, scanning level 0 |s |nd|cated

by bits 00, scanning level 1 |s |nd|ca bi t
An §@§ﬁﬁ?ﬁgPﬁéﬁepogrﬁ§popﬁdmﬁaﬁéd &ﬁ%

gt%% WO 2008/041954
dessg¥§%826g FE% 8§ 35 Bits 11. The cor respondi ng
scanning level for a frame is selected based on the
. transmitted two bits for t frane. Q tys
F 1gi‘§%e\§g]f3ﬁf§t &d dﬁfogefrl P& e rb OI Fg Ui lri% ag{ agn{c,?;ocdoln
of ¢heckihRgn¥hich .1003 and a thlrd checki ng un|t 1004.

The first checking unit 1002 determ nes whether the

bit- stream 1001 was generated by the first bit-plane

cod Nk 199400 | chdd& Fase dfioddd sifeano
Thel%%fggg%dgéggegﬁgy géﬁ?%ﬁéstfﬂlt pl ane decomrﬁ?unlt
sho¥@0Sncarimespeondi Iy tie tiwed iirsta dudodemrsiiod ngarrite

504. If the first c eckln unlt 10 er nes t hat
decerlehid0 SHP¥RMT0 f%é‘se té‘gefd?/ R

40301 tenRl o5Q@iingd %’i%ﬂar@%edmfﬁﬁm ahezx:karng the bit-
Unit 1003 determ nes whet her the bit-stream 1001 was

plageneeaodd ngy urhd dédond bit-plane coding unit 505. If
this is the case, the bit-stream 1001 is

The decoder part 1000 is supplied with a bit-stream 1001 that
is to be decoded and corresponds to the bit-stream 508 shown
in fig.5. The decoder part 1000 is further supplied with the
information (which is contained in the entropy encoded bit-
stream 510 as mentioned above) which bit-plane scanning order
was used for generating the bit-stream 1001, that is which
bit-plane coding unit 504 to 507 generated the bit-stream
508.

For example, two information bits per frame have to be
transmitted to the decoder comprising the decoder part 1000
to specify the bit-plane scanning level/scanning order. For
example, scanning level 0 is indicated by bits 00, scanning
level 1 is indicated by bits 01, scanning level 2 is

indicated by Bits 10 and scanning level 3 is indicated by
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decoded by a second bit-plane decoding unit 1006
corresponding to the second bit-plane coding unit 505.
wQ@oBf498£ second checking unit 1003 det er m neBCT/B&E2007/000338
the bit- stream 1001 was notzzgenerated by the second
bit-plane coding wunit 505, the third checking unit
. 1004 determ nes whether the bit-stream 1001 was .
Bitgeriel at deby t RESTRPPLBP STHHE ToAiRg S35 (Rf ¢ Bs0Brame is

se1bbtER pakedt Be ¢ase etk reaMphdl e decadedtame.
by a third bit-plane decoding unit 1007 correspondi ng

to the third bit-plane coding unit 506. If the third

.checkin ni.t 100 I t : ' t
T Al O e e P B L B Chird T (1 Ae Doy 1007
a sdBbhd5@beckhagbiuirist riedB HoRll 4 srdecbddd:diyirey fuuirtt H004.

bit- plane decoding unit 1006 corresponding to the

fourth bit- plane coding unit 507. WO 2008/ 041954
Thepgg/ﬁ@z%%/c%%?%ni% 1Baeh Rideilang dacadidy e thit-

1 to 08 reconstructs the error signal val ues
streamr é9PAndiasy gemetriae est dnnitie ofidest thidi-planeiseafiigye unit

t he corr.esponding hit-plane.cadi | t 1
S04TniL Rbdes SN 8 T - Pl GELad Ry KE HogEeee by @
£1r5Q08 1 tPgy @l B ddiRtiity efsie: Ay Rtdredpdi®ing to the first
. corresponding bit-plane coding unit 504 to 507. Note
bitrpadaneheitngsyredm P01 may al so be a truncated
version 10 of the bit-stream 508. This could be done
because of |ow bandwi dth that is available for the
If thansiirssi amedkirtdisnitcaddd)?2 tdetemcionss riucttedtles ripkt -
si gnal_ val ues 1009 generat by . the. bit-plane \
StxgeBodi O A% SOR0BS e 005 Y e by b e BTl G
uni®l 5O SigRals sl e craenerad ach by 1E3 ed¢ios ribpps Nghdtther
unit 104. The bit-stream 1001 is for exanpl e qgnerated
thef pdiptdteeam 1001 was generated by the second bit-plane
coding unit 505. If this is the case, the bit-stream 1001 is
decoded by a second bit-plane decoding unit 1006

corresponding to the second bit-plane coding unit 505.

If the second checking unit 1003 determines that the bit-
stream 1001 was not generated by the second bit-plane coding
unit 505, the third checking unit 1004 determines whether the
bit-stream 1001 was generated by the third bit-plane coding
unit 506. If this is the case, the bit-stream 1001 is decoded
by a third bit-plane decoding unit 1007 corresponding to the
third bit-plane coding unit 506.

If the third checking unit 1002 determines that the bit-
stream 1001 was not generated by the third bit-plane coding
unit 506, the bit-stream 1001 is decoded by a fourth bit-
plane decoding unit 1006 corresponding to the fourth bit-
plane coding unit 507.
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(possi bly truncated) entropy encoded bit-stream 510 by
an entropy decoding unit (not shown) corresponding to

W b@s09ent ropy coding unit 509 (i.e. perform POI/sS&E07/000338
inverse operation thereof).34dn one enbodi nent, the
entropy decoding is perforned after the processing of
the entropy encoded bit- stream by the bit decoding
units 1005 to 1008. 25 The encodi ng schene accordi ng

Eachobﬁfﬂegqg‘%d iR des eitked 008ty Nefo engi figly eshe
5to 10 is for exanple denoted by Quad-Ievel
errBirt sPoasd Gediveg COBPESPAndifey Fortheafamigy order that

. inplemented in _the o :
18 Fgggr geﬁcg%em)c&glreg urg)%(r:aéLcEl ogbel.rp—g\fL agLeomMﬁ?@n i%g-jruﬁrtes?ol4 £o
507andhds thken30 teery esponditnig lencodircathichglegdderl iy to 1008

contain _an IntMDCT filterbank and a bit-pl , i
perBPsER. thér IaARsI% SRS 1R MBCT ST Tt Eplane

cod‘i%'gn%b%tt H2ang Goonb Code (BPGC) to generate a
SC Ianle bit-stream Wth respect to SLS, the WO

2008/ 041954 PCT/ SG2007/ 000338 37 bit-plane codi ng of

SLS. i s repl aced a PC bl ock i :
NotEnE e o0 Th S ahed Uhote e g cEpradrea i jygreten
of @hd e oRkame sHS Wiy BRAdEse Sorvonpacatsai¢h Low

that of the original SLS at various interngediate

bandatief h)ENasi g @OckaReS BFF drivhcer S ey 11 this
cadPAMHL RIS, o 1) Ity YAl diald Ofhal Nea Blandaseb M fated by

dio t sequences have been used, which include 15
thestgree Imrsd dedddigsy sanpl edl G5 48 kHQ8 1Br&iappsewphetions

or B SRS 5, 0010 LULPUB I e Lol o8 Ll
unik60,0492, 224 and 256 kbps are used for testing. ODG
Non-core Non-core | TEMS SLS SLS with | nprovenents
The bit-stream 1001 is for example generated from the
(possibly truncated) entropy encoded bit-stream 510 by an
entropy decoding unit (not shown) corresponding to the
entropy coding unit 509 (i.e. performing the inverse
operation thereof). In one embodiment, the entropy decoding
is performed after the processing of the entropy encoded bit-

stream by the bit decoding units 1005 to 1008.

The encoding scheme according to the embodiment described
with reference to figures 5 to 10 is for example denoted by
Quad-level Bit-Plane Coding (QBPC). It may for example be
implemented in the non-core mode of MPEG-4 SLS reference
model source code. As shown in figures 1 and 4, the
corresponding encoder and decoder may contain an IntMDCT
filterbank and a bit-plane coding block. For example, the
IntMDCT spectrum is coded using Bit-Plane Golomb Code (BPGC)

to generate a scalable bit-stream. With respect to SLS, the
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@BPC 96 kbps avemaria -3.31 -2.37 0.94 bl ackandtan
-2.64 -1.95 0.69 broadway -3.69 -2.44 1.24 cherokee
W0 2008241924 03 0. 70 clarinet -2.75 -2.11 0.64 PRgIHBGL007/000338
-3.52 -3.37 0.15 dcynbals -3335 -3.32 0.03 etude
-3.44 -2.38 1.06 flute -3.62 -2.28 1.34 fouronsix
,-2.88 -2.32 0.56_ haffnper 3 25 4 0,9 v -3,09
bit-pieng cprlingqf Shy7s ropl ﬁQbY/i ] @%gcsgiﬁCkzl%zthe
endedS R tihe %g&d@rlﬁsoe@laﬁ’{@&aﬂk@ov@ 15 -2.37 0.78
128 kbps avemaria -2.62 -1.41 1.21 bl ackandtan -1.56
-1.01 0.55 broadmay -3.39 -1.49 1.91 cherokee -1.67

 PICPTL RO o5 G ded2eBr Sosud otk B35S
taé peapgh GHALLOR oh et he Thbay 85054
coﬁﬂiﬂéﬁﬁ&w&%{QﬂQﬂS8af3@h@t@ﬂ£g1ﬂa925&ﬂ 44 tabiougl ute

-3.30 -1.45 1.85 fouronsix -1.85 -1.42 0.43

intermediate rates by using Ob]ectlve Difference Grade (ODG)
measurements. In the evaluation, the standard MPEG-4 audio
test sequences have been used, which include 15 stereo music
files sampled at 48 kHz, 16 bits/sample. The results are
illustrated in the following table, where six intermediate

bitrates including 96, 128, 160, 192, 224 and 256 kbps are

used for testing.

OobG
Non—-core Non~c9re
ITEMS SLS SLS with Improvements
QBPC
96 kbps
avemaria -3.31 -2.37 0.94
blackandtan -2.64 -1.95 0.69
broadway -3.69 -2.44 1.24
cherokee -2.72 -2.03 0.70
clarinet ~-2.75 -2.11 0.64
cymbal -3.52 -3.37 0.15
dcymbals -3.35 -3.32 0.03
etude -3.44 -2.38 1.06
flute -3.62 -2.28 1.34
fouronsix ~-2.88 -2.32 0.56
haffner -3.25 -2.34 0.92
mfv -3.09 -1.77 1.32
unfo -2.87 -2.43 0.44
violin -3.41 -2.32 1.09
waltz -2.75 -2.16 0.60
Average -3.15 -2.37 0.78
128 kbps

avemaria -2.62 -1.41 1.21-
blackandtan -1.56 -1.01 0.55
broadway -3.39 -1.49 1.91
cherokee -1.67 -1.14 0.53
clarinet -1.61 -1.16 0.45
cymbal -3.14 -2.91 0.23
dcymbals -2.33 -2.33 0.00




haffner -2.20 -1.24 0.96 nfv -2.92 -0.87 2.06 wunfo

-1.73 -1.35 0.38 violin -2.65 -1.38 1.28 waltz -1.63
WO 2008840546 Average -2.37 -1.45 0.92 160 KbpBCT/SG2007/000338

avemaria -2.15 -1.01 1.13 Bgackandtan -0.99 -0.63

0.36 broadway -3.02 -1.03 1.99 cherokee -1.05 -0.67

0.38 clarinet 117 -0-89 0-28—cypb 2—86—2-3%
0. A= ¥ S nhals 1 01 =%- 82 1.0 05 etifbl-2 41 -1%p3L
1. 41f1¢tqite -3.12 -1.02-2006 fouroqu4§< 1.19 -0l88>
0. J1foumadisiee -1.58 -018850.72 nfvl-9277 -0.82 9.-45
unflchafdfdér - 0. 89 0. 27-2v6lj{in -2.291-2402 1.27 Waltz
-1, ~j0.72 0.3% Averagge2-|1.91 -1-©680D,86 192 Rbps
gv MEL#& - 1. 68 {0.70 U3993 [brackandf ags {0. 84 - 0. 5338
G 1 gaaway 2. oU 2. 04— Clhwer e -0U. 92 .
0. 38U net Lo g0 2 0 27 qf. ol AR ik
0_63wa535 e I oo o1 ggﬂ 27 CyoRg 946
Average ' 23777 -1.45 0.92
160 kbps
avemaria ~2.15 -1.01 1.13
blackandtan ~0.99 -0.63 0.36
broadway ~3.02 -1.03 1.99
cherokee -1.05 -0.67 0.38
clarinet ~1.17 -0.89 0.28
cymbal ~-2.86 -2.39 0.47
dcymbals -1.91 -1.95 -0.05
etude -2.41 -1.00 1.41
flute -3.12 -1.07 2.06
fouronsix -1.19 -0.88 0.31
haffner -1.58 -0.85 0.72
mfv -2.77 -0.82 1.95
unfo ~1.16 -0.89 0.27
violin -2.29 -1.02 1.27
waltz -1.06 -0.72 0.35
Average -1.91 -1.06 0.86
192 kbps
avemaria ~1.68 -0.70 0.98
blackandtan -0.84 -0.53 0.31
broadway -2.80 -0.75 2.04
cherokee -0.92 -0.56 0.36
clarinet -0.90 -0.63 0.27
cymbal -2.55 -1.92 0.63
dcymbals -1.70 -1.56 0.14
etude -2.00 -0.66 1.34
flute -2.58 -0.61 1.96
fouronsix -0.91 -0.66 0.25
haffner -1.26 -0.61 0.65
mfv -1.96 -0.89 1.07
unfo -0.82 -0.62 0.20
violin -1.69 -0.67 1.01
waltz -0.83 -0.55% 0.28
Average -1.56 -0.80 0.77
224 kbps
avemaria -1.01 -0.51 0.50
blackandtan -0.57 -0.45 0.12
broadway -2.13 -0.62 1.51
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etude -2.00 -0.66 1.34

fouronsix -0.91 -0.66 0.25 haffner

workaos041986 -0.89 1. 07

-1.69 -0.67 1.01 waltz -0.83q

flute -2.58 -0.61 1.96

-1.26 -0.61 0.65

unfo -0.82 -0.62 0.20 PCDBGIN07/000338

-0.55 0.28 Average

-1.56 -0.80 0.77 224 kbps avemaria -1.01 -0.51 0.50

C 7

broadway
T OO VYA

2-13--0.62

bl agkandt-an—06-—-57F—0-—-45-0-] ¥
1_5:S§£E§8§§1944P54 gmﬁ9§§5507Lnnn?@849 9_cher okeg- 12
-0. 6ElaF1ReY 12 clarihel® 0. 55 - 094660, 10 cynb@il0
-2.22ympadg 0.54] deymtada2 {1.04 - £10480. 00 et ude. 54
-1. 28cy@b49s0. 75 flut€el -Q4 81 -0.4311038 fouronsd xg0
-0. f8tude52 0.08 haffHer23 .72 -0F644©:28 ntv ﬁif@@
-1.0910+41 unfof -0.58+ B#A8 0.09 _yighi|n - 1. 05 -0,
0. SEEWRLRE i3 57 -0 4% Gol¥ ~Average syl 08 064 G o
256 KOS pgyemar na =073 = #4029 ol gakanatan—d -y
- 0. BEFY99 -1.50 -1.09 0.41
unfo -0.58 -0.48 0.09
violin -1.05 ~0.49 0.56
waltz -0.57 -0.45 0.12
Average -1.08 -0.64 0.44
256 kbps
avemaria ~0.73 -0.44 0.29
blackandtan -0.41 -0.38 0.03
broadway ~-1.62 -0.47 1.15
cherockee ~0.43 -0.42 0.01
clarinet ~0.46 -0.40 0.05
cymbal ~-1.74 -1.44 0.29
dcymbals ~0.75 -0.82 -0.07
etude ~0.91 -0.41 0.50
flute ~1.48 -0.37 1.11
fouronsix ~0.44 -0.44 0.00
haffner ~0.56 -0.39 0.18
mfv ~1.35 -0.99 0.36
unfo -0.44 -0.42 0.02
violin ~0.85 -0.42 0.43
waltz ~0.44 -0.39 0.05
Average ~-0.84 -0.55 0.29

From these results,

it can be observed that for all these

bitrates, non-core SLS with QBPC achieves improvements on the

ODG values compared with the results of the original non-core

SLS.

The improvement is very significant for most of the

sequences. In addition, the gquality of different types of

audio coded by the non-core SLS with QBRPC is more stable at

same bitrate. It is also worth to note that for the seguence

named dcymbals.wav, the improvements are marginal. The reason

1s that this sequence is very balanced in energy

distribution, resulting QBPC always stays at Level 0 bit-
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broadway -1.62 -0.47 1.15 cherokee -0.43 -0.42 0.01
clarinet -0.46 -0.40 0.05 cynbal -1.74 -1.44 0.29
waleyosioaloss - 0. 75 -0.82 -0.07 etude -0.91 -0. 41PO1/5G2007/000338
flute -1.48 -0.37 1.11 fourgpsix -0.44 -0.44 0.00
haffner -0.56 -0.39 0.18 nfv -1. 35 -0.99 0.36 unfo

A2 O 02 v oI| 5 - 0.43 waltz -0, 44
pla% %c%PQ%Pgﬁweragé£ gﬁt 6§ 5834, ééBFFBngFH8§§%ed by the
flras%is-plan@a@omn@b@ﬁwego11h@brfﬁbsal Frthes®. as a

bltrates non-core SLS with QBPC achi eves i nprovenents
regilthethe PG| QEsSeehpar s8aUFRGet he ReBOBEStHE shme as

thOrdgh nad s &@r&s%& g}qgné“%&yﬁg?m is very

significan or nost o e sequences. In addition,
the quality of different types of audio coded by the

non-core SLS wt PCis nmpre stable at sane
It 1% 15t e ?S?S%V%flr? foof?%r‘%lﬁetbm%?‘éemﬁ%FSfaF ppgh bitrates
aré@ﬂﬂ&ﬂﬁﬁmﬂ nemedl deybal ssWadasbheph 8PEPMEeRERLs are
margi nal . The reason is that this sequence is very

Pr i Hreaat i o0 enlerijit —Ril 3¢ s buas ono tepattsngh@BPChe bitrate

e A B o P RN by oo

bit-stream 508 i s generated by the flrst bit - plane
nost franes. result,

t. 504 f th
F r%ﬂi‘}?g %JFPSI% aorg%q‘ﬂ%‘hc%e? st%@m $¥t Saieo A Abt-plane
scaif i lid e A RiinPl @t NG-g9 distribution of the

audio signal in the frequency spectrum, bit-plane coding is

performed in a more efficient manner.

The simulation results verify that the perceptual quality of
audio at intermediate bitrates is improved by a significant
amount in terms of ODG measurement using the invention
comparing with the original non-core SLS for most of audio
sequences. Meanwhile, this is achieved with introducing
negligible overhead in terms of computational complexity or

lossless coding efficiency.
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It is also observed that the inprovenents at high
bitrates are relatively small. This is reasonabl e
WG@RWsE4ORe prioritization of bit-planes has nPCT/REZHOT/800338
when the bitrate is enough f4,qr all the non-Lazy
bit-planes to be coded. 10 Fromthe results, one can
Clgfﬁsthat by switching the bit-plane scanning orders
according to the energy distribution of the audio
signal in the frequency spectrum bit-plane coding is
performed in a nore efficient manner. 15 The
1. shniiehbrentresanesdiepi pyrinaelifky pér sdpnadl vedakesty
wh@fcigudio at internediate bitrates is inproved by a
significant anmount in ternms of ODG neasurenent using
- the snyeali valuesnpaei ggoupth tiheooni gimak Babgeone and a
SLS for, nost of audio 20 sequences. Meanwhile, this is
SeqRHf eV BA9WPHR" i nt roduci ng  negl i gi bl e overhead in
- tBENBighatopRULALI BRaLHEORRLEXI LYipehon 0%§%e%%n%9gbagto the
~efficiency. WO 2008/ 041954 PCT/ S&2007/000338 4
sigpalnsailuen abt hbe PeroaAcedbagodppl urality of signa
_ S rej - _th i gnal _val ues.are _grouped
?% %Sao?i¥£§ gégaggu8kaﬁégag°%€86% Ogu%gréﬁpéeplgﬁg whether
thsi ghahaValaesesf ofhehti Fstssubgbgupugr eheanpakedeheoded
.the  signal val ues of the second subgroup, - based on
Wl?%ehf%Q%FtproFﬁEYcBﬁﬁﬁrFgﬁnsﬂﬂnﬁé Jeéigeéd Okhéhrepecond
subfgoshgnal values of the first subgroup should be
encoded w th higher priority than the signal val ues
- Yiet hegsetondlussbgfobpe firhke siggabupakbudstbk shenal

va{&égtOEUQQéoggchg Eggggg gagre bit-plane coded wherein the
signal values of the first subgroup are bit-plane coded with
priority if it is decided that the signal values of the first
subgroup should be encoded with higher priority than the

signal values of the second subgroup.

2. The method according to claim 1, wherein each signal value

corresponds to a freqguency.

3. The method according to claim 2, wherein the first
subgroup comprises all signal values corresponding to
frequencies of a first frequency region and the second
subgroup comprises all signal values corresponding to

frequencies of a second frequency region.

4. The method according to claim 3, wherein the frequencies
of the first frequency region are lower than the frequencies

of the second frequency region.
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val ues of the second subgroup are bit-plane coded

wherein the 15 signal values of the first subgroup
wae@shitspl ane coded with priority if it is der¢T®ea2007/000338

that the signal values of thg,first subgroup should

be encoded wi th higher priority than the signa

val ues t.he sec nd s bgro The t.hod
a@%%rﬁeﬁéoganFgf eFEVnogﬁcﬁ GﬁaFE§&W§e2 to 4,
whéﬁéiﬁsééﬁﬁsslgnalfﬁ@ﬁu@nﬁﬁ ad. eI&@rngh@aala%@Qh@IeaeEnylng
claim?2, wherein the first subgroup conprises al
anspERAF Daruesncar fespbndrAgUEBCY250REE4GeRBIEegNSf aasecond

fré%ﬁéﬁcgréggfﬁg¥léﬁg'QBraEHet@?eﬁﬁ%gggdﬁﬂggggggal value

conprises all signal val ues correspo
cofregpendsesoof a second frequency region. 4. The

nmet hod according to claim3, wherein the frequencies

30 of the first frequency region are |ower than the

6. fregURRELES aBfothengeeandntr equency,r 68EPR:s nN\Wohe first
2008/ 041954 PCT/ SG2007/000338 42 5. The met hod

frageerdyngoebfanycohecorrenpostai e 2 fos4y fwharehny domain
valu n Lgn val ue_specifyin
<o gPElontonaly LU 08 0TS0 Shanehe BbUS SPesL YLD,
cosﬁﬁD@ﬁentrequeesyoﬁdeftbcaelbsémésbhﬁréqeanegcmohhen
signal value 5 _corresponds to. 6. The nethod accordi ng
repEeFHRtRT AP 8T Wher 8RRt RE9PREst  frequency
coefficient corresponds to a | ossy frequency domain
representation of a data signal and the second
7. fTeguentyodOacoefdingent aoyresponfisthe alkomsl ésso 6,

e et RO CHBP ARG LB~ ny Bne 8Pt nEabrame 1 PG Trot

suligrowhesiebnl di beidénisddaecivided hhghethprsbgnal, vakHeshe
,of the first 15 subgroup should be encoded wth
signyhera predor e ytipanceprdsPyRarovar utBeoflonRals@adngs of

thSUPDF OUPsub §EoSh 90AL ¥Rl YESsPfpartially bit-plane coded

before the signal values of the second subgroup are bit-plane

coded.

8. The method according to any one of the claims 1 to 7,
wherein, if it is decided that the signal values of the first
subgroup should not be encoded with higher priority than the
signal values of the second subgroup the signal values of the
first subgroup and the signal values of the second subgroup

are bit-plane coded with same priority.

9. The method according to any one of the claims 1 to 8,
wherein a comparison value is determined based on the
comparison of the signal values of the first subgroup to the
signal values of the second subgroup and wherein based on the

size of the comparison value the priority level with which
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the first subgroup are at |east partially bit-plane

coded before the signal values of the second subgroup
ware@shidspl ane coded. 20 8. The net hod accor dP@SGEZ07/000338

any one of the clains 1 to 74,3 wherein, if it is

deci ded that the signal values of the first subgroup

sh d th h iority._t th
g Ghabe oy adie g e e hE sebaRa s ABGPERHPL L bignar saraesd io
debériwbeed@d first subgroup and the signal values of the

second subgroup are bit-plane coded with sane
priority. 9. The method according to any one of the

1OC|@ﬁ§Bmét%8%a &@Sfﬁhetgogfggﬁrbsowhg§§9§h glura%lty of

determ ne ont conparison 0
vayaéuean@ésthEefpredeSabginan,teathevaiugnabngalues of

h ub d th f i
as A SR LVt R thE DEVEL! 2ha) E0e PRAARLEAT LRVAG Vith
wh£@@8é@é1@§§ngiﬂ%§ﬁagg7é@09§§8flﬂ§ttQabakgualsﬁébmasb@f

the first subgroup should be encoded iS determ ned
enq©de¢hesn@@h@ﬁma@@@rasngheopcnarwtg l@heleRrmsaciated with

I t % e redete n1ned eac
e PiEhe alhe o on LBt PRE R R e BB oy oo €0 SER e
the priority level with which the signal values of
the first subgroup shoul d be  encoded is determ ned as

11t nEprieriey feverdargotPafedifi Phort A8, vihaEStangRei n

comﬁﬁﬁbséﬁevgpﬂ@aigseglaahg@easbgegatSQ ahOchlrq¥Nfeasure of
nmet hod according to claim9 10, wherein t g

th%oﬁ%@m@bo%aba$ﬂ60fstbaléuratedubasedpoandntbaesgyond
su SUr e of the signal values of the first subgroup
and the second subgroup. 15

12. The method according to any one of the claims 1 to 11,
wherein the first subgroup comprises all signal values
corresponding to frequencies of a first frequency region and
the second subgroup comprises all signal values corresponding
to frequencies of a second frequency region and a third
frequency region, wherein the frequencies of the first
frequency region are lower than the frequencies of the second
frequency region and the frequencies of the second frequency
region are lower than the frequencies of the third frequency
region and, when it is decided that the signal wvalues of the
first subgroup should be encoded with higher priority than
the signal values of the second subgroup, the signal values
corresponding to frequencies of the second freguency region
are also encoded with higher priority than thé signal values

corresponding to frequencies cof the third frequency region.

13. Encoder for encoding a plurality of signal values,

comprising
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12. The nmethod according to any one of the clains 1 to
11, wherein the first subgroup conprises all signa

wo a0080%195€0r respondi ng to frequencies of a firBCT/SG2007/000338
frequency region and the seggnd subgroup conprises
all signal values corresponding 20 to frequencies of a
second frequency region agg a thir frequency regiqn,

- SHEF R P ReTFF EqUBREPLEIoF NENS TP PLt VoI PBGUGRES RegROR®

suidgeohpVendt hage tbadf EBAYEBAELES of the second
frequency region and the frequencies of the second

- FregiRpEYNIregibnCarearbner thhaflohalf veduescicdsthe first
[ q 2 Lonca it i ded
subdfold] L8 LAEIERNN 20a1 0L 0 2Ptle MBERAL shBagBihrIs
- dedencoded wnih deghdingrbasetlyohhahe tbheusitgb&l the
val ues of the second subgroup, t he si_gnal val ues
e

COMBFF LEPONERRGRED FREqELHERLs VBt UBReCSebBAd TEFEGuERPYTOUP

shé €0l e &hE-AL§Ow EAROAEGHL Brhboher, PREAMkhYX §BBRALNGa1ves
signal values 30 corresponding to frequencies of "the
of tHhe ds¢eeu@eneygregbon. 13. Encoder for encoding a

" BT Sebbonts it il B gra iRy g G g A e
of stighafivat uesbgndbap aahidrshe suhgadupadndsacgeenddsecond

subgroup - a, conparing unit conparing the signa
SuQQﬁ%k% Wrerebnf et S19udYr Bapues PﬁeggﬁgﬁéFsgaﬁHQQr@ﬂp are

: o) ' = eckdi png. unj L di b d
551 e o Buox e, Sl g b
sigrat liecabies hef fthet £5ubyr supgrshpubdobédeheodadodétihwith

. higher_priority than the, signal_val ues t he second
o A REEL L Lod Eob oAl tal o8 of pPaRe eaa g
suddw®owb gnal values 10 of the first subgroup and the

signal values of the second subgroup wherein the
signal values of the first subgroup are bit-plane

14FQ@QQﬂ%ﬁ{bfwﬁf%éfﬁhi5ré&u£§,d@ﬁigﬁg %ﬂ@ﬁ éggcuted by a
computer, makes the computer perform a method for encoding a
plurality of signal values, wherein

- the signal values are grouped into a first subgroup and a
second subgroup

- the signal values of the first subgroup are compared to the
signal values of the second subgroup

- based on the result of the comparison it is decided whether
the signal values of the first subgroup should be encoded
with higher priority than the signal values of the second
subgroup

- the signal values of the first subgroup and the signal
values of the second subgroup are bit-plane coded wherein the
signal values of the first subgroup are bit-plane coded with
priority if it is decided that the signal values of the first
subgroup should be encoded with higher priority than the

signal values of the second subgroup.
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signal values of the first subgroup should be encoded

with higher priority than the signal val ues of the
wG@e@sndoib subgroup. 14. A conputer program prpdirs62007/000338

whi ch, when executed by a cggputer, makes the

conputer performa nethod for encoding a plurality of

signal values, wherein 20 - the signal values are

grouped into a first subgroup and a second subgroup -

15t he méghall Yakuescetiihfeaf platagtbgr e¥peacedeaneagadl
to the signpal values of the second subgroup - based
Vagpet heCPBRELEIBY the conparison it is decided whet her
_ : Sk 0 of, ; fi uhgt oup oul e
SRSeas Ny RRGHEBAChgRR, baTkeS S AT R codea
frofh &heleegbhtdy sfibgigupl- veiheesjghak wabned oklube being

fi b dith i gnal. val ues of the second
ITLUET ot ar L ETL - PRAHEEBIEATWREPEFARENE P95 oLPgna

- &@i@ﬁﬁi@in?hﬁhétﬁék §H@959§ﬁa§r9a@héspb§n%h%0§§§s%¢Ehbgroup
i

priority if it is decided that the signal values o

haygebeenr shitspbgreupodhdurdtbepsheodes wheh bhgheignal
L ori t t jgnal val ues of the second
Va@%%%r%%%? €§§%o%§?%§§854 PCT/ SG007/ 000338 45 15. A
- b&ﬂ#p&bﬁ@rdde@@ﬁh@gthepéﬂtaﬁéﬁysmﬁnamCOQEdeSigﬁaan into
val ues, conprising - receiving the encoded signa
aC%‘F%sW}E;%*fﬂ%r b€ pPapiRatotiddUcs Pfohia pLaFhl PupIspup have

bedh AbRd -YBANEScodDE SloRabryalues HRLAGLhET QURRY 1t aBues
first subgroup and a second subgroup, - determ ning

havyghdeerr ¢meod¢@nal val ues of the first subgroup have
been bit-plane coded with priority when the signa
val ues have been encoded, 10 - bit-plane decoding the
16 ek aftetbdé gnidr vad tesih@ki ngluhédity of encoded signal

values, comprising

- a receliver receiving the encoded signal values being bit-
plane coded from a plurality of signal values, the signal
values being grouped to a first subgroup and a second
subgroup,

- a determining unit determining whether the signal values of
the first subgroup have been bit-plane coded with priority
when the signal values have been encoded,

- a bit-plane decoding unit bit-plane decoding the encoded
signal values taking into account whether the signal values
of the first subgroup have been bit-plane coded with priority

when the signal values have been encoded.

17. A computer program product, which, when executed by a
computer, makes the computer perform a method for decoding a

plurality of encoded signal values,
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account whether the signal values of the first
subgroup have been bit-plane coded with priority when

wo b@s®igsal val ues have been encoded. 15 16. BCTHRGmOZN00338
for decoding a plurality of ggcoded signal val ues,
conprising - a receiver receiving the encoded signa

val ues, bei bit- plane.coded from a. pl.urali.t f
- SPGRATL0A bB8, CPReRE g RAl N al Aed el Ry st Bed £e, coded
frbmr st psubgneyp afdsa$eAO0RE 12Q sSURGO¥Agralad values being
determ ning unit determ ning whether the signal val ues
greppefheof pr §£ r§b§REGE ONRY 8¥edn A0S SHEIEGFED Wi t h
Larlty. si.gnal, :val.-ye n I
B e e e e R Ve S o Subgroup
haeacbded b2b-pilgnal cwalkdes itakipmd dmitty adeou th emze icgimerl
nal . values of the first subgroup have been

he sj
va P?§phgﬁg P6GBdSWFPHSHri ority when the signal val ues
- Bafeeﬁbsﬁe gaeededy the AncoRRYL & PIHAJRRAMUNOHYGHng into
whi ch, when executed by a 30 conputer, nakes the
aceonput ehepbetrothea spenhdd vBdtiegeoddithg &1 gsitursalbompugf have

c d_signal l,u 104 .
T e P T A D AN LU
haval besnbenngdbit - pl ane coded froma plurality of

si gnal values, the signal values being grouped to a
first subgroup and a second subgroup, - determ ning
whet her the signal values of the first subgroup 5
have been bit-plane coded with priority when the
signal val ues have been encoded, - bit-plane decoding
t he encoded signal values taking into account whether
the signal values of the first subgroup have been
bit-plane coded with priority when the signal val ues
10 have been encoded.



