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ENTROPY CODI NG W TH COMPACT CODEBOCKS Field of the
I nvention The present invention relates to the

weewedisagd decodi ng of information val ues and i PCT/EP2006/001294

particular to entropy coding us ing conpact codebooks

to generate an efficient code. Background of the

Invention and Prior Art In recent tinmes, the

mul ti - channghy ﬁd%yo BRI YO R ARER T CBBR RO K S

becom ng nore and nore 1 nportant. This may be due to

the fact that audi o conpression/encodi ng techni ques

such as the wel |l -knpyw apsrt eedni gaenheye made it

possible to distribute audio records via the Internet

or other trans mssion channels having a limted

IMardwh ekt denThénvpldt todi mg lbeeknitquetiasebeodimggdecoding of
f; u I b
QAR Qled Nend agh 102 %J:ﬁlﬂ Qéé"seﬂ‘c%ﬁg ‘é’o'd?ﬁg us
ey exsapedtt erpdsb ks at@dug@nreer@(tred annelflféucwné 1q<>|d§t

or left stereo channel and a second or right stereo
channel . Neverthel ess, there are hasic shortconhnos of
convent i o : e ,

t he surround technlque has been developed A

r-ec nded .nul ti - channel. su reprasent

IIﬁlcloru endc q:lme i t%on Ff‘LtT%.h %Vtij\gl%slt %&gg%cﬁa%tﬂo%ctlon tech
Riquen JE&:IdP€t¢QJWfﬂa19 cemterachanped Onpadtans- sGhigumgy be due
GhanngRl sdch ﬂﬁ%t-Qﬂdid“33H§¥@§%fﬂ%%@%&&@ﬂﬂ& ﬂé%ﬁﬂfaﬁes such

referred to as three/two-stereo, which neans three
frfonkne hHRAGIENGHE RS SERFRUHEIR hARWEl §a0Genkr aPPySible to

fdl\s_etxtlm{ts‘eﬂ aS@dm gbapnet svaee “dh%qumﬁé?kném &r pbaybackrans-

envi r.on lLeast fiv ak t T cent

ST, o s T T 18 Bt BBt R o e A3 coding
¢EKmMﬂqumshaﬁubemﬁmérmpffamomelbephasedOEOUdspéaker§hat it
A dRANNANAAI S KIPINCAD FBEoREL 1AM o 8RUELB0 format,

i.e., a digital representation of the audio record includ-

ing a first or left stereo channel and a second or right

stereo channel.

Nevertheless, there are basic shortcomings of conventional
two-channel sound systems. .Therefore, the surround tech-
nique has been developed. A recommended multi-channel-
surround representation includes, in addition to the two
stereo channels L and R, an additional center channel C and
two surround channels Ls, Rs. This reference sound format
is also referred to as three/two-stereo, which means three
front channels and two surround channels. Generally, five
transmission channels are required. In a playback environ-
ment, at least five speakers at five decent places are
needed to get an optimum sweet spot in a certain distance

of the five well-placed loudspeakers.

Several techniques are known in the art for reducing the
amount of data required for transmission of a multi-channel
audio signal. Such techniques are called joint stereo tech-
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anount of data required for transm ssion of a
mul ti-channel audi o signal. Such techniques are called

W@ etoatiosiber eo t echni ques. To this end, referenBe€r/EB2006/001294

made to Fig. 9 , which shows a joint stereo device 60.
This device can be a device inplenenting e.g.
intensity stereo (1S) or binaural cue coding (BCC)

Such a d c ner y i pput at :
S o o I T
hOM§a§tj@l@ﬁn@ﬁ@r@@rdﬁ@ﬂc@héﬁneﬂhé@ddﬁﬁ#&ﬁe?ﬁﬁc ﬁaﬁadeVlce
Iﬁ%l@ﬁl@ﬁ@‘h@ Cedétaﬁlrt%n@gft';ﬁegt@k'éb tfed), bR &inaural cue
decqder, an ap r oxi mati on an orjginal channel .
CorrnacBte) T g 4 i DUt ot b REPSATT. (A an in-
@@trkemuﬂmﬁuuﬂ W | charohelde stbandH8anpl €8n) Spendrabtputs

eff|C|ents tiqe do S e

cc}nﬁ‘ar atd veJrng]fl ne Ir1]',<;lpér]resen Iléllt{?‘lg%)n‘gﬁ?l Pﬁgéﬁg ?ﬁ%gg The
pagambtrwwlb@tah@rsad&ﬁemﬁdcS@@bat@@tnoﬂnlﬂcﬁ@@@d§6chan ap-

R 8% £9% DSQEC%Babr%%QEfUcb%ﬁh%eQUtdHﬂC|@ﬂ@ conthal can be

arame ters for controlling a certain reconstruction
segeilehRdsuch as weighting by multiplication, time
shifting, fre quency Shlftlng, phase shlftlng, et c.
dat a, refore

The p r.amnme cl.u | '
&y|v%%f &6 gﬁggrrg ggg&th}gh here %t%% éy%band samples,
Bbec&s&qumaﬂfudummma, tSat ednmiari mwaerlss ﬁﬁ@ anw@nph pro-

Qad%ataééﬁ#ﬁf%%?{g?iyffﬁé'f%pf@ﬁ@n9§£1$h|beghbnuh@%rlylng

range “of e anmount of
séguided Wi LsardifetRa ket el ¢ ridFafP oROF oA NGhECe such sam-

%ﬁ%@thfWbﬁéctﬂ@lC@bbff@@lbﬁt%hQnﬁﬂngﬁcpﬁdé Bont20h parame-
bH/s par ric data ar

SR khBhn CotEPT Htr & PREGASTY Y SrRrEer o b ha g Tt
@mChlnamrablguelp@ranptmnitaglmpbtlbe désnmabehlﬁbi@%h fre-

g@nvegclgﬁggg&ggeS éaggéB naura ‘%ﬁsg%bbfggl2%%??§§E?§@trlc
Sedreo thet eV - Anarinele Mudivo 2CsIRpREsHtgvelyCcoarse repre=
Ealht@hion of the signal or the a53001ated channel. Stated
in numbers, the amount of data required by a carrier chan-
nel will be in the range of 60 - 70 kbit/s, while the
amount of data required by parametric side information for
one channel will typically be in the range of 1,5 - 2,5
kbit/s. An example for parametric data are the well-known
scale factors, intensity stereo information or binaural cue

parameters as will be described below.

The BCC Technique is for example described in the AES con-
vention paper 5574, "Binaural Cue Coding applied to Stereo
and Multi-Channel Audio Compression", C. Faller,
F. Baumgarte, May 2002, Munich, in the IEEE WASPAA Paper
"Efficient representation of spatial audio using perceptual
parametrization™, October 2001, Mohonk, NY, in “Binaural
cue coding applied to audio compression with flexible ren-
dering”, C. Faller and F. Baumgarte, AES 113" Convention,
Los Angeles, Preprint 5686, October 2002 and in “Binaural
cue coding - Part II: Schemes and applications”, C. Faller
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F . Baungarte, May 2002, Minich, in the | EEE WASPAA
Paper "Efficient representation of spatial audio using

w@eoosaps4eml paranetrization" , Cctober 2001, MMDAER2006/001294

NY, in "Binaural cue coding applied to audio
conpression with flexible ren dering", C. Faller and
Baungarte, AES 113th Convention, Los Angel es,

r%Pant B%@%gérteof:tﬁﬁeé @QQI%San%nI rs"&muaﬁeé @¥@io Proc.,

- Part Sch enes and %f j cati ons'
Wé?llué?earﬂcﬁ‘ﬁl Eileilunﬁé%t & ', on Speech and
Audi o Proc, volume | evel. , Nov. 2003. In

CC d nmb f t._ch

oA 2%!'1?%%3%122&?é@g?agfggsém nBlE RSBl are con-
(wammmthoFaumpemtﬁa&rﬁapnﬁsénﬁ&ﬂhdnausingnamﬂﬁﬁ (Discrete
Q%ﬁ{Jﬁﬂp'ggaﬂ%@ogﬁX§ixJ rf?ﬂh%f@Qm”Q& ”E Eﬁ%ﬁﬂghg win-

vided I'nto nonoverl apping partltlons

WS -t | Bre apprBXE ArBf el IELI e SRERVIWR hipr éwm?@lnaunto non-
td%éﬂﬂéﬁﬁﬂﬂ@”ﬁéﬁﬁ1Ef5ﬂ§ngﬂé@ﬁ ?é@@ﬂt@bﬁ @%B@bx1mgﬁ%ly has a
S

ters are, then est d hetween two .chan
B B Tt oR S h O 65 BERep SAETSEORE e e e iy band-
wadﬂhf(ERE%uﬁmmmaﬂoelpmrhhetespeatetahemwéanumuned between

QR&?QSA ﬁ@glgr%og % r cﬂ#ﬁgélz§gesghgcgazhe MA%% S are

pa rama ers are naI In accor

prosserdi e o Fvesmmi s e(aait:oﬁeﬁ)nel WHitdh rRspedis o depeairference

Q%dﬂﬁ%fﬂ%ﬂaféﬁep@ﬁitﬁé?ﬁérgfqhaﬁt§bgaa|Tﬁ% R&ansmitted pa-
processed. A nunber of paraneters do exi st

The
IES YA an@tEr Jfrbéfl:'e‘&aﬁﬁl @u cri bes aﬂ?@l@lafnf%%ew&&h pre-
@kﬁﬁk@kﬂOfoih&lﬁﬂeﬁghebdédntahﬂﬁﬁﬂhnmaycaﬂpﬁfedepend on the

channel.s. ter |nt r- ch nn
N eecrlence/ co?crle AR on escrsi( %l he” ?Dor er?ca?slsoend'
bet ween the two channel s, which can be understood as

tAhenéd\ETéiaB'ft Yo IBQPaM@t\_’@iQY% Qixfé‘ce tyReChaiie! Sarameter,
The 1 CTD paraneter (inter-channel tine difference the ener
9§| -

O e gl DI ivPR Shef e1pERREBASt HEAZ 10N

WiyLasoh hei h&E® par aretemphiratierciehiayiel. phase ICC parameter
%33&%£?Q:%huusfCééﬁ@?%éce/correlatlon) describes the corre-
lation between the two channels, which can be understood as
the similarity of the waveforms of the two channels. The
ICTD parameter (inter-channel time difference) describes a
global time shift between the 2 channels whereas the IPD
parameter (inter-channel phase difference) describes the

same with respect to the phases of the signals.

One should be aware that, in a frame-~wise processing of an
audio signal, the BCC analysis is also performed frame-
wise, i.e. time-varying, and also frequency-wise. This
means that, for each spectral band, the BCC parameters are
individually obtained. This further means that, in case a
audio filter bank decomposes the input signal into for ex-
ample 32 band pass signals, a BCC analysis block obtains a
set of BCC parameters for each of the 32 bands.
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same with respect to the phases of the signals. One
shoul d be aware that, in a franme-w se processing of an

waeaicaossgnal , the BCC anal ysis is al so perf or PETIEP2006/001294

framewi se, i.e. tinme-varying, and al so frequency-w se.
This means that, for each spectral band, the BCC
paraneters are individually obtained. This further

st s ks Ll donisarmisss e, s

%ﬁﬁ?%‘%l%nbgoc}ﬁr%@?%?%‘é asse‘farbf B ]b'ar%mgalf‘gi‘%r?‘é?m E.
edchuofetsie BRidlangisa K el Bd edind echni $pee; i 8l shudhoWoding at
afoxpaéf‘ErP%Eég"Stﬁéﬁ thrét?h d@%ﬁ’&éé?@d@h B]erlPrﬁ eebaally S 6072,

rausc
Mth@é} i {ﬁydPQr afehniidegpat al Bmmb@a@dtdl ﬁrg atugrgwegen, J.

%ﬁéf@ $ra, AEﬁo%leHE@@%ﬁ%y'FHEaﬁ%%fi@ SEE@@B'Q%dlng" AES

607 and Schui j ers, Br eebaart
mg%%w%ntl%go%rawr --liwmﬁ)l%@(ﬁ«/ oy a4
Ster eo Coding", AES 116th Convention, Berlin, Preprint

04. Su rezin ecen approach s .for
par arre%vlaﬁ/ rg%od rﬁece ntiPPf o2 éﬁﬁel Qudi grfimgfna{:llc coding  of
(mEpiat T etharnel oa@:bdo nglgnaBen (d6palt i@ke ACodindCodiBRC), “Bin-

S LG es&M n M ddy %Welr@ﬁkg&@'gml@i’—mel au-

of , a downm x _si gnal (coul d be nonophonic or conprise
<EvRr ALIBRANMRY sYeaRd Par aafretﬂPWEmﬁ‘deg%grﬁa&f maEPBhd be mono-

© k&b}aid: abrcmﬁrlcéwr @é{r@fap rdﬁlalntn%lﬁer C@m&e@a&@ateltahc side
Sou S |ra e,to e.rate af si

t \
BT TOT ad PBRCAE T pottiT e TR ERREr T b hfn s, oS rceived
camrthieald sofiodnsttiage .and | eavdeasrabdk dfo theep the rate of

?é éa?h?o%%?ghs%' Ori&@pé‘g' E)\éssglbltehejbr‘fogﬁfagrdt nﬁlnlmlze

wnm X Sl to“kee
steRrheFdr ﬁfﬁlfpéﬁlaltéwnl sart Il§§§leesasff ymagBodet t flesjgeailable

|t a4 Oo10f capspatialrcau ¢he seheng yr appbYidi@inmix sig-
for exanpl e, entropy coding algo rithns to the side

JCﬁ’TTB.t I on.

One way to keep the bit rate of the side information low is
to losslessly encode the side information of a spatial au-
dio scheme by applying, for example, entropy coding algo-

rithms to the side information.

Lossless coding has been extensively applied in general au-
dio coding in order to ensure an optimally compact repre-
sentation for quantized spectral coefficients and other
side information. Examples for appropriate encoding schemes
and methods are given within the ISO/IEC standards MPEGL
part 3, MPEG2 part 7 and MPEG4 part 3.

These standards and, for example also the IEEE paper
“Noiseless Coding of Quantized Spectral Coefficients in
MPEG-2 Advanced 2Audio Coding”, S. R. Quackenbush, J. D.
Johnston, IEEE WASPAA, Mohonk, NY, October 1997 describe
state of the art techniques that include the following

measures to losslessly encode quantized parameters:



10

15

20

25

30

35

Lossl ess codi ng has been extensively applied in
general au dio coding in order to ensure an optimally

W@ 0vpAacd463 epre sentation for quantized spectr aPCT/EP2006/001294

coefficients and other sidesinformation. Exanples for
appropriate encodi ng schenes and nethods are given
within the 1SO I EC standards MPEG part 3 , MPEQ part
7 and MPE&XA part 3 . These standards and, for exanple
al so the | EEE paper " Noi sel ess Codi ng of antj ze
Speld 4l ~GABPPSAPBALs HUF HIBEG SORuvanCéd O%Hrfolzecg spectral

CodicgrfiSienRs. Quackenbush, J . D . Johnston, |EEE
WASPAA, Mohonk, NY, Cctober 1997 describe state of the

art techniques that include the foll ow ng neasures to
PosFsengl p engooen qUrantt zeth prsimetal)s :Huffman Codebook for

NUI%%tg!g%ngbg%gkcyggggan Codi ng of quantized spectra

coefficients ing a cormon (nulti-dinensional)
Huf f man Codebook for sets of coefficients Coding the

val ggdghnheheas ad eoled tilerc el Ng o B9 dnfosdimyi sbgandnfor-

magni t yde i nformati pn separ at el .1.e. have onl .

i PR BodBish TR G THES EBEOSGE YRR SSeR g Wl L have
whi ohlyedHoésmbhe oedelssaky eudebook Fizea "giigeed" absolute
vs. " i gned" ;cod Lhg | Ve GQAehoPKS 51 76,
of gﬁ#ﬁeren cg}geg%ggéé%lu#@bvafﬁt%ﬁ%%ﬁéé),cg.e. shee

di f f'elenedifagisrunuasiengde ¢greesokSt hin t he

paraneters to be encoded Using alternative codebooks

of different statistical distributio r _each, LAV _
Tr aNSAREL ig SR ARG ceCSFPRRFF ik 6@&%%%6?1 sLaFgfest nabso
f or mattieonvhoutbe dervsey ilsd ng disEttreons" maxidefi nebsolute
the_range of. applicati.on_of h.selec £.f man

codgﬁgg%s B gégeﬁ FaFgéﬁ%85%%§ E% %%a%gggc#grs over
frequency

e Using alternative codebooks of different statistical
distribution for each LAV

e Transmitting the choice of Huffman codebook as side in-

formation to the decoder

e Using “sections” to define the range of application of

each selected Huffman codebook

e Differential encoding of scalefactors over frequency

and subsequent Huffman coding of the result

Another technique for the lossless encoding of coarsely
gquantized values into a single PCM code is proposed within
the MPEG1 audio standard (called grouping within the stan-
dard and used for layer 2). This is explained in more de-
tail within the standard ISO/IEC 11172-3:93.

The publication “Binaural cue coding - Part II: Schemes and
applications”, C. Faller and F. Baumgarte, IEEE Trans. on

Speech and Audio Proc., volume level. 11, no. 6, Nov. 2003
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and subsequent Huffrman codi ng of the result Another
technique for the | ossl ess encodi ng of coarsely

woo@atipsaesl val ues into a single PCM code is prPBODERZNNG/001294

within the MPEA audi o standard (called grouping
within the stan dard and used for layer 2 ) . This is
explained in nore de tail within the standard |1SQO | EC

134725 3583 TR oRRIiGAL igN é&hm_;dr@ch ga'e: Flﬁ‘il'lafhgters. It is
all e

Part Il: Schenmes and applications™, . r.a F . .
BT | B TSt Lo BObRORE S YRR s Gl erentially
vahewoaed evel . 11, no. 6 , Nov. 2003gi ves sone

i nformati on on codi ng of BCC paraneters. It is

proposed, that quantized |CLD paraneters are

ot f fevent ifaldapeasyode 6er Hasagdenty amgsergengdyl tHuffman

I's suhesqugntl vt Huf f RO-&Neodedoh M tiuffman code)
one-di mensi onal Huf fman code) over tine and the

result is subsequently Huf fman en coded (with a

one- dvaensiaral atlif fuien cose)t, iandsiithedqiémtal y yHuflifan en-
nore_efficient. variant .is selected.as_the

epregdntal Ton of GhCoHir Rt Skt 3O Lr Al 0%

nmenti oned above, it has been proposed to optim ze

COTPIESSE Of PLT 1 P NBNC & e Ve diJIerant Al selected as

codi ng over frequency and, alternatively, over tine
P SRR S e @f fai entIiaat atdioREdlect ed
variant is then signaled to a decoder via sone side

ggforna i on. Thg grion art_techni ques descri bed _ahove _
© TSRFUPTES PROUGce thd it oP T GRPESEhP, ForTze com
ey on hpsrforbenteaiy rapp kel dyr dhgfaneatiad- coding over

Yf%ﬂ%@n%'%ﬂ%é%ﬁ%&%fe&éfwg% (I:lgelect the more

oss] ess ‘encod] ng based on ropy-codi ng schenes
geiner @l ¢t resulant | e tseteeker VaE+RRE nhdomt aptgnaled to
R tdd @ e r | d heor\G { A VanesehAuth 0, Codec) st andard,

a proposal is nade to reduce both, the size of the
code words and the
The prior art techniques described above are useful to re-

duce the amount of data that, for example, has to be trans-
mitted during an audio- or videostream. Using the described
techniques of lossless encoding based on entropy-coding
schemes generally results 1in bit streams with a non-

constant bit rate.

In the AAC (Advanced Audio Codec) standard, a proposal is
made to reduce both, the size of the code words and the
size of the underlying codebook, by using "unsigned" code-
books, assuming that the probability distribution of the
information values to be encoded only depends on the magni-
tudes of the values to be encoded rather than their signs.
The sign bits are then transmitted separately and can be
considered as a postfix code, mapping back the coded magni-
tude information into the actual value (sign x magnitude).
Assuming for example a four-dimensional Huffman codebook,
this results in saving a factor of 274 = 16 (assuming that

all values carry signs) in the size of the codebook.
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si ze of the underlying codebook, by using "unsigned"
codebooks, assum ng that the probability distribution

wo@boobhes4snf or mati on val ues to be encoded only PEpPEPINS6/001294

on the magni tudes of the values to be encoded rather

than their signs. The sign bits are then transmtted
separately and can be considered as a postfix code,

mappi ng back the coded magnitude i nformation into the
actual val ue §S|gn X magni t ude) Assunln% for exanp

Quf ser -tinrenet 5ants HipvRark dsfshbokeeR hPaddpedil t%eqiw:e code

savinga JAstyly Aodldly = Néhdassusd g éﬂi@tsaﬂlvahgﬁ@s some
carry in the S|ze of e codebg%é ite ge _
BRI BHL Qlﬁéx?%!aﬂ teggdy Usdaw ritaeifg‘riléquree% RhtfeF 575 - pfor e
enplepy whedi ngsidypned hiel -estyemneosdl | Huf fight scedakooks, one
ERhoT iy AN 028 Ll Nt BENLANCS Mle Phodied Lo ERhnsmit

I MeNSI OnNa
eomeb@odcpde@helrc%mrmﬂﬂ@\/e Bhiecieasehisvere &1 tthat gost of

Qﬁegﬁ@rggshréﬁsﬁh% %9@% %QCQﬁ%dHh@E%bﬂaEb@@bo$m|%hbﬁ has to
achi eved at the cost of an jncreas n the size o

PEf Rt c otk Dt fills A0S e (iSad, SHIHCR Ton Shep Gz man

@ddbbb@l&&ﬂslCizldTELTtﬁdﬁlasést‘lebﬁufaf fartoadetoolwsi ZBhis is espe-
inc ase a factor_of .two,_ This_.i p Lal

B gt HUR T T SPB | Al TR v TR o Frmpe Buffman
codeboolk iis thrarsmitted] ttopgsttiesr Wlhhthbeeﬁéééééd informa-

LREQr Mgt eN; Al eheind ?9% %%%”E%%etmgtﬁa%%mﬂ'E@m%gﬂﬁr com-—
conmplt er com préssi on ograns. Even if the Huffma

BEEEAOR UERSTRAS haliESTo e thanSHIErER WAdPRaR: does not
daia, tid H@Stf@nmlﬁt@cﬂedltn the Qra(t(aderltaﬁ@hs; ntdhee stored

deco ee pensj.ve a i i
aVai %ﬁbﬁgl qﬂ“$|+ﬁt%%eq§3ﬁ???? éﬁ%glaﬁ enﬁﬁve stor
Hgb”s®aﬂﬁﬂ|whﬁ¢mn$sfawauﬂ@@deomnﬁuﬂlDnsﬁnmahﬁdgq@antltles,

8'@%@%&51 Sumar y af (the F MenLian It i 4 heseRjcectof audio

prese Fnven |on t 0 °provi de a con cept for
gemepatngn oznlaydask-a nore efficient code to

Summary of the invention

It is the object of the present invention to provide a con-
cept for generation and use of a more efficient code to
compress information values and to reduce the size of an

underlying codebook.

According to a first aspect of the present invention, this
object is achieved by an encoder for encoding information
values, comprising: a grouper for grouping two or more in-
formation values into a tuple in a tuple order; a code in-
formation generator for generating order information indi-
cating the tuple order and a code word for the tuple using
an encoding rule, where the encoding rule is such that the
same code word is assigned to tuples having identical in-
formation values in different orders; and an output inter-
face for outputting the code word and in association

therewith the order information.
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conpress information values and to reduce the size of
an underlyi ng codebook. According to a first aspect of

WO b@ofaosasent i nvention, this object is achi eveBChyPzN6/001294

encoder for encoding infor8mtion val ues, conprising: a
grouper for grouping two or nore in formation val ues
into a tuple in a tuple order; a code in formation
generator for generating order information indi cating

he tupl d d d I . '
AEahiTa, S’ aRBrad: EPERtoRr ngTe PRESEHE EpVBRERORY enis
ohgeshnmg scodshveoratl i 8y agsidpratlary fopl dschedpgga code word

bgeayi gal i hRotRLFRbLL OPaYaLYes bipdi ki ggenhnOt 8L8E; iARdrface
an output 1 nter face for outputting the, code mord,aﬂd
PHOA3dbRIatNBNCOART B Eh2PRelBr g8FOCIation therewitn an or-

betorABbiraAtA6ROLHHNGat Ong secaplecaspaet, obethg an order of

resent inventipon, this object is.achieve .
BREoGar TN GULEtHY S UATUBE o M AEaR B I raf i sRTorma-
vabnesaloespr iasicugte @ ciaemwion nier fdeel Provi di hgpiheusing a

88?8d$ﬂ d.and g@ %ﬁﬁ%ﬁhabhogé'EHéH&ﬂJQf%hE% 98Ld to create

information i n |€atlgg a tuple order ei ng an order _,

bhet geder wabke WREBENERPOASGAPUBY WA ASaSHGRI haf differ-

éﬂ%ﬁﬁﬁplbgoaréghgeﬁyea EQ?@ ghecgﬁgerctae de&ﬂyiggeadiffer-

tu usi ng.a decodi ng rul e dependi ng on_an _ encodi

eliPe EuBlaot borEs & FEne Buc O e Wit o' S haSaebBaPRgerent

tupkei sreiech,t hat ididifearteentbyt upl 6eairg derdeediffommation;
a I t i ff.er t hayi ng e

SRR E OBt ) R i i ST Y aar s Oag” moT

infpcametdonyvdiifiteri ng order information; and a

degrouper for degrouping the tuples into two or nore

i nformati on val ues. According to a third aspect of.the .
%F@@éﬂ%ngnGQnﬁi&ElHQﬂ%§Hﬁﬁ§xﬂéiEh%cB¥%§%Hgb§nge {RBgq this
bpfeencaii ngchnboeaatdonavalatdsod t iermedoebiing information

¢9 QS?I @gF re%%%'d?%q&n‘é’?fl%rn e f&jgg{r{%tﬁﬁg X?l HB%e infor-
I'n tuplFe I'n a tuple order’, é%neratl g or _

mation values into a tuple in a tuple order; generating or-
der information indicating the tuple order; generating a
code word for the tuple using an encoding rule, where the
encoding rule is such that the same code word is assigned
to tuples having identical information values in different
orders; and outputting the code word and in association

therewith the order information.

According to a fourth aspect of the present invention, this
object is achieved by a computer program implementing the

above method, when running on a computer.

According to a fifth aspect of the present invention, this
object is achieved by a method for decoding code words
based on information values, the method comprising: provid-
ing the code word and in association therewith an order in-
formation indicating a tuple order, being an order of two
or more information values within a tuple of information

values; deriving a tuple using a decoding rule depending on
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der information indicating the tuple order; generating

a code word for the tuple using an encodi ng rul e,
wob@caos4he encoding rule is such that the sanePCDEB2006/001294

word is assigned to tuples having identica

information values in different orders; and outputting

the code word and in association therewith the order

f(%ﬁgkéﬁg% fﬁf@r %gtt E%E%%%éhtﬂép%aﬂ wégf where the

prese this IS achi eved

cerostiag probe armsi n@m@rrrreﬁmtg dhEL bRV rwm@@ afenderived

@ﬁaﬁ'Eh&nséméo@@&éﬂwofﬁcoﬁﬂén@;&@e@dﬂﬁtﬁh@ﬁﬂﬁchaﬁing the
the present inventiaqgn, ﬁ&é ect i s achi eved b

FEMFod QTGO P{g"lél&&e% f52ed SHPF O cnnaS indi-
\alteess, by helifethadgc anptd:si hgfopnatiding are dedEOMpiﬂg the

%ﬂgale% 3332C 't%“ 22 tm%%r e“i"n‘f'%x%ﬂt%%eﬁz '1'& formation

rcating a tu an order cof two or
nor e |nfornat|on values mnthln a tuple of i nformati on

%%b%%ﬁun%e@d“éwakﬂﬂug§bég%n&fatggcﬁgéggnfuﬁ%ventlon, this
dependi ng onan, encoding rule used to create the code

ROECtuHET A eetRE 0BV NG AW Y S RFCIFRIP dMPLEMEREing the

buples mait@oder whed huamihhe onane coagatewerd, the

di fferent tuples having the sane infornation val ues in
different tuple orders, as indicated by differing
acderdintorpat iaons et e gspepitngo £ héheuppessémt o inwention,

@ 1307, 'éﬁtﬁr{@t LoR; yalyes %%%rd@dquétﬁa % $5&Non informa-

aspect resent | nvention hi s ect Is
sdRnevad U ra té@nxﬁn@dqﬁ ot <F<m|>3éh%hwn@ £RESalByE for a
Pmbll@dofvw%% bla_mﬁllo&@ Q&f@xﬁ@m@hewam@@oca@mgte@ an the tu-

venth aspe the p ent invention th|
aCHT B oy Sor R Bidia Sbasbidn {AFSFRACEPBN Lhdicating
tabueapleherdamoded dat a conpr|5|ng a code word for a
tuple of two or nore information values arranged in
the tu ple in a tuple order and an order information
Tﬁ@,@gpﬁﬁ@tth@vp@§p9n0ﬂ§epased on the finding that an effi-

cient code for encoding information values can be derived,
when two or more information values are grouped in a tuple
in a tuple order and when an encoding rule is used, that
assigns the same code word to tuples having identical in-
formation values in different orders and when an order in-
formation, indicating the tuple order, is derived and asso-

ciated to the code word.

For entropy coding using Huffman codes, the inventive con-
cept described above can be implemented more efficiently.
The size of a Huffman codebook depends as well on the num-
ber of possible values to be coded as on the number of
jointly coded values (dimension of the Huffman codebook).
In order to reduce the required storage space needed to
represent a Huffman codebook in a specific application, it
is advantageous to exploit symmetries in the probability
distribution of the data to be coded such that one Huffman
codeword represents a whole set of groups of jointly coded
values with equal probability. The actual group of jointly
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The present invention is based on the finding that an
efficient code for encoding informati on val ues can be

walernicaesie3 when two or nore i nformati on val ues PCEPEP2006/001294

grouped in a tuple in a tupgbe order and when an
encoding rule is used, that assigns the sane code word
to tuples having identical in formation values in

dtbﬁéﬁeﬁhtghﬁﬁr§san§p@@§51@@ »ydep igarimlion, postfix code
gglcatlng the tuple order, is derived and asso ci ated
t

He code word. For entropy codi ng using Huffman
codes, the inventive con cept described above can be

nghggggﬁgeogggs SETLAbPOL MopdNatide £f & HWITR: not de-

S as we e num er of
vBFU@@nFoOBetB§d§@n§§n§nrﬁ@eeﬁﬁﬂﬁeﬂ @WJHhQﬂV%AQﬁﬂkxwhen the

Vﬁéy@és(@&@enﬁioﬁ @%ﬂﬂ%&dﬂﬁééﬁﬁbCQQ@BQQElateHn YREN prob-

to rgduce t?e re ed storage space needed to
+ ESHES o 2aT (T CoutbooRIPFE a0dpddid | game values can be
a@@éumadldﬁinbé itheadvantageaus tumytediatesyMmerdteScularly

[ il distrib ony of the data to_ be

Qﬁ&ﬁﬁgﬁ%ﬁ?@?i% %%% éi%%na%g%odemo?dhreﬁgesent% a code hav-
mh®$e0§éﬁ(ﬁozﬁ%uwstbfdﬂéﬁﬁﬂbwtcdd@mthﬂMeshaﬁehagm&& prob-
psobabildésywiThe Iaecgdaacl g oyp sefram@xntéa/&@&&@k Vehae%m effi-

IS, S eC|f|ed b particul ar postfix_code then. Since

t PSR dEPIEF nortfh%rEU%reaegmtﬁl Litipeent ppders of the
demendentuen dhe Loi@Md represeimete hoddeaamad ues,

when the values are to a certain degree uncorrelated,

equal prob abilities for different orders of the sane
viheest e, bénagspmedefsedcembbdivehtes farthe present inven-—

Utflf&{re‘cﬁéeq)nforﬁégtﬂ &U'xﬂldesangha@%eg%att'oy déé’reﬁaoded by a

vari abl e Tength . €. a code having co
v&‘r%"%rrr%?mal egf fean + prsedeguarepiil famiantiiadd y encoded

Vwiisﬁesﬁb%u&ﬂlﬂgsﬁﬁh|§rcﬁ%ﬁ%&éﬁtﬁ@ﬁ @@p@&gbnﬁb@@bn having
odei when the tgg%es W t drff re t orders of

Ut RIS YRR e DUt gy i1, after
that a number of symmetry operatlons are applied to the

differential representation, reducing the number of possi-
ble tuples to be encoded, thus also reducing the size of

the required codebook.

Differentially encoding a distribution of values, occurring
with a given probability distribution will result in a dis-
tribution of difference values that is centered around
zero, having a probability distribution that is symmetric,
i.e. values of the same absolute value but with different
signs will occur with the same probability.

The basic principle of entropy coding, as for example Huff-
man coding, is, that the used codebook represents a given
probability distribution of information values as good as
possible in view of assigning the shortest possible code
words to the information values occurring at most. Multi-
dimensional Huffman coding follows the same principle but

combines two or more information values into a tuple,
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Therefore, in a preferred enbodi nent of the present

inven tion, the information values that are to be
werwedesichy a two-di nensional Huffrman encoder BEEEP2006/001294

differentially encoded firdt, resulting in a

differential representation having certain symretries

as explained later in nore detail. After that, a

%gg ”wR5£¥ %Bg&@tugpsteéﬁ Q@EBbEQtEB knﬁjl 2 single
er ent

representation, reducing t nunber
@@ﬂﬁwqmde tuples to be encoded, thus also redu0|ng t he
size of the required codebook. D'fferentially encodi ng

a_ distribution of, val ues, curring.with a ven .
PGB REOry (FRRGHIRT onthEEPIPBERRL | FREOMQ@Y  with  two-
dimeutsionadf i ffiedeneecoalines yhaldsstnentéypdsamﬁhndymme—

{% %S h%&g@gcgnpggbggd #%Fdl%trlbutlon that is

he sane absol ute val ue but
mnth dlfferent S|gns mnll occur with the sane

phebapi lddys Ehet@suer%eec'ﬂ&n Of:hgnUan@kv%Q:q}o@lg tIdSt the
for exanple Huff nan coding t hat the use

DEALBEAN - &pids RS i onC Br BBAbILIPLY divst eyt ? oRPPTOR 1~

af tienfyormet isamevalsugdraghgoadpas [geasi bbe.i Mhikewoekesponds

%SS|gn|n the shq{test SSIb|e cgge “Drgfntgftgecoordinate
€s |

S 67 TSN AR océi&% %1 at®
dwweﬁmhowaeruthﬁaﬁlcedlNglﬁelbéwe theleadefpnﬁﬁctheX—axis

?ﬁ‘ﬁ %%b's@%%nhwa%eweee '%g&gahte@angel WBs k0LQid.

e, whérein the whole tupl€ is then associated wth
a S|ngle codeword. Therefore, conbining differentia

eReOdiclend hminaedymersbagal Huf fcﬁenaeemgrtmgnyl ehas_ chang—
pes of s nme trbe%Ih t hat caggbe nad se.o

he
EEREE By Prery LHelPVES FPSmMFRe SGB8EFVAT 5 tERAE PREUE does
pbmbahahgbythb acpler enpeobhbtife tyuplfe ocauribences i.e. that

?%ngéorrhel% tﬁ? ggge g% ﬁ§§ Engbggﬁbe &hﬁs cgkreﬁgonds to

esponds 't o relative
@p,@&1aﬁsywmﬁkﬁﬁ|ﬁgi@tlve to the blsectors of the coordi-

nate systems first and third quadrant, when the coordinate

system is defined as explained above.

The two symmetries can be exploited such, that the size of
a Huffman codebook is reduced by a factor of 4, meaning
that symmetrical tuples are assigned the same codeword. The
symmetry information, i.e. the order of the original tuple
and the sign of the original tuple, are indicated by an or-
der information and a sign information and transmitted to-
gether with the codeword to allow for decoding and a recon-
struction of the original tuple including the sign and the

order information.

Recalling the above representation of the tuples within a
two-dimensional coordinate system, both symmetries together
can be understood as a 2-dimensional probability distribu-
tion with level curves (curves of equal probabilities) re-
sembling ovals with the principle axis rotated by 45 de-
grees relative to the Cartesian coordinate system.
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system where the first value of a tuple defines the
X-axis and the second value of a tuple defines the

w2@x%i1e8463he second synmetry i s based on the PCT/EP2006/001294

assunption, that chang ingi2he order in which the two
values in a tuple occur does not change the tuple's
probability of occurrence, i.e. that (a, b ) and (b, a
) are equally probable. This corresponds to an axis

mretry relative to the bisectors of the coordinate
iogs 5% sPlafdha hfvd GUBHCAAL SSuneiP Bhe2EBEPdiRAtELY one

Pe3icem (15 fefdiet )as expleaiptes ialeventitied \Mithln the coor-
loited su

t b h
B e ORS S SRCHT T o A dlo T 3o st hyo-pit
tolvett fSwmetdd et erupines aar&masmegme@ptm $mrpeen every pair
QQQQMH&ES Fﬁ %ﬂgn%fyfbﬁ qﬂ@af%hté §hdt9€soQQ&&éQbondlng
tup

the or1gina e and t the original tuple
ed risn Gilc Aeddretsy ian the df@nmwlflm 5% SVEraditgn Note that

'f'@)fro @ﬁtﬁso%@%ltde%n%mtﬁltaﬁ‘éd Gro&titele Widua d¥@t borderline,
mord al l ow for decodi and g ecoqftructlon of

Hhe gt FORF e CPREPGAPNG T He 81 Gh bl Sheor gy oven be
|o|ftf10zrttmi iion.caRecalf ithg tdad raledv eralemrse santetticsh aof bidtd bor-

tdlég:l Ffﬁnvénst hi, n a t\P{Dt ew%%%'t%r}alofc rd'cjrl%ttgl%(ﬁ:ti%'ﬂ.

both “sy Mgt ri'es toget er can be understood as a
2- dlnenS|onaI probability distribu tion with | evel

@H@”ﬁh&éﬂﬁf@@ 85n@8§@|w@§9b%@dddé‘%ﬂer§h§@nbk|ﬁ%e Huf fman
ovals wth the principle axis rotated by 45 de

e
RORRHORK {50 nEoERY (EGitan 0B e L B VTG CaigS de-
gicrtited WHSWETELT isesh eRlty dppreandadatdg| yoronehd arten hahd the

u%%{gn ) qf tﬁgg OSSIb|e Qﬁﬁgeﬁ m@fﬁan gﬂgl%goﬁnn: on the

13" be covered man Cco
tokdretyi thmwhe( @@@@d@@t:eemﬁe@n’aauhpqwlgﬁppmg be ideally

gp\ﬁ%%see\éerysgﬁbé of s M deddh g Pf whieur guUagspdts prob-

Its corresponding pairs of values in the remaini %
1dd tg@adradint SLeNR TR RA P¥r EP&i FETET C\%#em’@gd leading to

%ltW@é@éi ef @jittheraipiadiant bokdeldffi®in codebook cannot be

tuned to fit the data in an optimal way.

Therefore, it is preferred that the data is differentially
encoded before applying symmetry treatments, since the dif-
ferential encoding automatically yields advantageous symme-
tries. Thus, the inventive concept can be used assuring a
compact representation and a small Huffman codebook for
every underlying set of information values, since the dis-
advantage of doubling the number of possible information
values by differentialy encoding the information values can

be balanced by using the symmetries.

Brief description of the drawings

Preferred embodiments of the present invention are subse-
quently described by referring to the enclosed drawings,

wherein:
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the postfix code consists of one bit only or can even
be omtted in case of the pair of values situated on

woodadh/1sas3 der lines, i.e. in the center of thePCI/EP2006/001294

di stribution. The inventivd3concept will reduce the

size of the Huffman codebook for data that is not

showi ng the symmetries described above. If such data

i 8i @ncpdesho.0n 4 hel ane J@lfzatnh%is'azr? Avdhe Fufdi@dher;
codebook will be small, but on the other hand the

encoded representation m ght not be ideally

cohipr esseshowd nae prad flasreat canbodgmahth off f fer entveproke en-
abiIitie§x§£5:yepresented by the sane codeword,

|l eading t0 a Waste of bit rate since the Huf fnman

codebook cannot be tuned to fit the data in an opti mal

V@Jy% There{ore, al tuk hREeIBId LA ARt hDEa AL AL 8 an inven-
differentially encoded before applying symretry

treat nentSLV&iSRPdae differential encodi ng

automatically yi el ds advantageous symre tries. Thus,

the inventive concept. can be used assuring a c act

ot o e G B S AP RGF T RS Lo HeBao Tt SR EAary Do en-
under | yi mgpdsst; of i nformation values, since the dis

advant age of doubling the nunber of possible

information values by dif ferentialy encoding the

i DT R i RAI UL A Py it P A ket PR Héata to be en-
symetri esddl;i ef description of the draw ngs

Preferred enbodi nents of the present invention are

subse quently described by referring to the encl osed

ditiagM rigs,shwher eile Filgritashomsod bl eohmditagrantefregentation
inventiveencqder; Fig. 2 shows a preferred embodi nment

of an inventive ‘en coder; Fig. 3 shows a further

preferred enbodi nent of an inven tive encoder; Fig 4a

shoys @ fdnoels SY BRI QRealkl ¥F & dat@did Re decoder;

encoded;

Fig. 7 shows a preferred embodiment of an inventive de-

coder;

Fig. 8 shows a further preferred embodiment of an inven-

tive decoder; and
Fig. 9 shows a prior art multi-channel encoder.

Detailed description of preferred embodiments

Fig. 1 shows an inventive encoder 100, the encoder 100 com-
prising a grouper 102 and a code information generator 104,

that includes an output interface.

The information values 106 are grouped in tuples of infor-
mation values 108a to 108c by the grouper. In the example
shown in Fig. 1, the inventive concept is described by
building tuples consisting of two information values each,

i.e. by using a two-dimensional Huffman code.
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Fig. 4b shows a second symetry operation on data to
be en coded; Fig. 5 shows the derivation of a

WGQ0aa0S46E representati on of data; Fig. 6 showBCHEPRto&Bo1294

di agram of an inventive dedéder; Fig. 7 shows a
preferred enbodi nent of an inventive de coder; Fig. 8
shows a further preferred enbodi nent of an inven tive
decoder; and Fig. 9 shows a prior art nulti-channe

d n rr,e odi nent _
cTioUeiip B8t 204 £k 0e368 - PLL 8N 9L BEEL L] IO IS, -,
%kb ?sgﬁﬁeﬁab?ﬁu%%4'1@Qeéﬁﬁnatb©d§0dﬁfmmﬁﬂnmatlon genera-

that t t The _
glsner:ailgmlelﬂé}ﬂts drated dud ude smane Qﬂ{% atéusrl szgcf@?e e code

I 106 [ oupe
:ﬁ%% % ﬂﬁiva%%a?@%n?iege b&nﬁﬁémagéeﬁewalmsm@ dif-
eeirfiite %mwm Mhegefdre, thiee i bupbhés veo8aNegAt 108c are en-
dﬁﬁﬁﬁibﬁ@t@ytgé'Egh@gc%%%!%ﬁnﬁﬁpSKﬁflqgggflﬁ&g whereas the

o % no¥§: %Elépf%ggln evde. ﬂfhéiltﬁﬁ;ﬂr@’ltloeademoi@%lz Ac-
m@xdﬂmgﬁﬁdﬂﬁﬁﬂiiﬁwéﬁﬁi@@d@ohﬁéﬁf n@if?@rgﬁge 6348% informa-

formation genera
%Q%Penengglgﬁtgﬁé gg%gggﬁﬁéaFﬁgtth§F§ﬁ§rﬂﬁet@@wenformatlon
@gp evitg dordetruphessHiasi nghé d@nfurrflc@ﬁhlatllahoIrvlfmltuléci;sﬂ8 é‘ﬁ“ﬁ 3%§ouped
T e e t a
B e e 1085 AR a0hE - chaEohbRae i 0a otndhe order
iTéBrmﬂﬁéPéa§Wﬂu¥hQuﬁ@ﬁ@ﬁﬁ¢ﬁ|saen¢héeéfbmboh£ used to re-

tg ventive a
ggg?:;aetdF?%:??%%lé%géfﬁﬁﬁ%%%gg??bn f%ggnggﬁ §995e §he or
generaFgamFSlBPeégrﬂ§hﬁﬂ?QQQ(ﬂﬂﬁﬁﬁ%ﬂ?kﬁtl¢nawmdbrtha code-

whikdh biyheHenf@utmit ofnval 888e ar EcgEQHPE IQ§{32$£P agree on
e

B 0 e L Pl BT porger -
fermation bits. In the example shown in Fig. 1, the tuples
are not reordered when the values within the tuples occur
in ascending order, as it is the case for the tuples 108a
and 108b. If one further agrees on assigning a order infor-
mation of 0 to tuples that have not been reordered, one re-
sults in the order information values as they have been as-
signed to the codewords in Fig. 1.

Fig. 2 shows a preferred embodiment of the present inven-
tion, in which the code information generator 104 comprises
an order encoder 120 and an entropy encoder 122 and wherein

the encoder 100 further comprises an output interface 124.

The order encoder 120 generates the order information 114a
to 1l4c of the tuples (indicating the tuple order) and
transfers the order information to the output inter-
face 124. At the same time, the order encoder 120 reorders
the information values within the tuples 108a to 108c to
derive the tuples 126a to 126c changing the tuple order to
a predefined tuple order, the predefined tuple order defin-



construct the original tuples 108a and 108c, hence the
order information is delivered in association with the

wa@oahe/1083681 by the out put interface. Generally, PONEPI0RY001294
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agree on different orderingSschenes resulting in
differing order in formation bits. In the exanple
shown in Fig. 1, the tuples are not reordered when

t E]ﬁgV&|nUQ§nd/Md1h“lgn et UPE e&n@@%ﬂéthana%ﬂh@sngf&r defoups of
108a and 108b. If one

PRrbher P oag Siebirah e ni ot e Do da L on of 0

to tuples t hat have not been reordered, one re sults

[ h o) ti V, s..t.h ve n
S?B%e r‘?{)d{égv\ﬁgr g&l n&'géjrgﬁléa pk e&’or{% EPSS 5% tuples
phéf’éﬁge’aOéﬁbBH@ﬁeﬁwooinfﬁém@%@@nvam%n ]PYoTnUlT—hple subse-

WQUthtBQeﬁgd%ﬂTﬁi&ﬁﬁﬁgfﬁbgﬁﬂérﬁbgﬁtlgﬂ @?ﬂﬁ%@eﬁnf@rmatlon

t 122
CReFEP FHeTeRc ds S0BLF ur PHOPYC G S8cln obr g checked,
i mhethacethde Ehéstreden emtagerinlhegereidicsk td® the order
ég@édéPfﬁéfH%ﬁgn 4§ {g%i%4 géfthfftyﬁlefhe th%e?ase, the

(I'ndicating € or P ansfers® or
m%r%nm £ant lb@ cUoped et theecedd. wArd: lensdre gener-

tireq. t he oxsker %Héo%oééogkéeégﬁké tihe k@{)é’éf‘@&'h%%tll the

val yes wi.thin the tuples 108a to 8c to derive
t GPPRECE B 645t 5o4DBe CRENGIEAG Tt HETOPIRE 1oRd&an Fhen, for ex-
paeped | Ned deplec@rdesm the ﬁmmﬁﬁil@ﬁdeiéméﬁg@éd@écessary to

g.an encaodi ng . or for tion val
g?%%%%gog: upfege%%99h9q$&5%f1 gﬁSrﬁﬁpﬁﬁﬁ: aFHQ@e order
'W@ﬂl@obéemaﬁ;namgddwu@x@mptbeb@nﬁﬁna1m¢@mmdtnon on a de-
tuphes bhaying nore than two information val ues, by

mul ti pl e subse quent steps of exchanging the position
of two information values within the tuple. After each

ST, entt r biSy Chegkedenvbi@d herhd hﬁﬁ;@l@é(l B2 6a afo et 6y ﬁdﬂ derive

I N SHEN R R i

sWQ)mmdtcanlchQ heu tgode meejrfmm b2 gener

The output interface finally outputs the code words 110a,
110b, and 112 and in association therewith the order infor-
mation 114a to 1ll4c.

Fig. 3 shows another preferred embodiment of the present
invention, wherein the code information generator further
comprises a sign encoder 130 for deriving a sign informa-
tion indicating a sign combination of the information val-

ues within the tuple.

The inventive encoder shown in Fig. 3 makes also use of the
second symmetry, assigning the same code words to tuples
having information values of same absolute value and in the
same order regarding their absolute values. Therefore, the
sign encoder 130 derives a sign information 132a to 132c
for each of the tuples 134a to 134c, indicating the sign of
the values within the tuples. The sign encoder 130 simulta-
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ated. If not, the above procedure is repeated until
the codeword is found. The order infornmation can then,

wo ovocans4adpl e, be derived fromthe nunber of erRChEPE6001294

necessary to derive the codeword. Simlarly, the
correct tuple order could be rearranged using the
order information on a de coder side. The entrop
eedavplEnebaagechéheuplicnsi poadhe Mpf ganatpiqervyykuehewithin

tRdetwpnds %%O@erl¥%bafﬁﬁééééﬁﬁﬁHj5féﬁ“ﬁ@ﬁ§lﬁ$%§ﬁh defin-

code words to the, out interface 124. The oqutp
%ﬂ?e??a@@cf’%% | 5180t EE]E‘QlPﬁEl‘BBd OhofdSh 13983 T 1‘1?)b"71b$01ute
aaﬂué&Zwanﬂlnntassmmpabloﬁ.k&mwﬁmmtﬂugﬂuscﬁiﬁﬂeﬁiﬁgwonly in

gﬁ%g%gﬁé;48ft9?%l4ﬁfor §nsgg¥§ognother preferred

nt ~of resen I nven wherein the code
i nformati on generator further conprises a sign encoder

@3@ fsQigrder i ¥ At &1 Sh 93 3 Af %rmljzc,onlsncgorcatﬂl%am 9rans-
|nat|on of the information values within the

fﬁﬁr% fRethAventPYe tREBBERCGhonh TheFidlsy hekekves order

a:hsomaemﬁ ElﬁemSQ(h@nd)ﬁ:}HﬁTBérﬁ&od@ﬁSlgm agdt eeSat®ie words
ornat on, val ues._o

rds 1o tuples havi
£8e8 IRe “Cal S Ut TP ARt 2arm B o et ol WL e 20 then
abspl iee YakuemdeThepefler @nd hin shgroensbden 13@rewith the

e f n a ﬁ@%& r each of
?E%é¥u%n€%§?%g%¢€ogﬁ%2%hgl%%?%a%%f? e é?gn of the

values within the tuples. The sign encoder 130

Bi(lﬁfw wngaﬁﬁby @l@a«ngﬁ& t@ﬁgﬁggﬁﬁo%ath@ngefﬁﬁf rmgt idd¥ived by

val ues within o _derive a predefined sign

WoTbiPHE oRRC ?¥n1$§ %ﬂ#e%%%dﬁkf ?%WP%%H%.ﬁgﬁﬁgﬁlng the

$:gneachnobdenseﬁ absmbUM@evakme$ﬂmdtnﬁ1arqumqmeﬂ Huf fman
Ok tuples differing only in the signs of the

ornatlon val ues. The sign information 132a to 132c
|s additionally trans ferred to the output interface

R4t hatealgR resed MeBe OGHeles of a tuple (a, b), graphi-
cally represented by a matrix, wherein the values for a are
shown on the X-axis and the possible values for b as shown
on the Y-axis. The values for a and b are symmetrized
around zero (for example by a previous differential encod-

ing) and are ranging from -4 to 4 each.

The matrix is showing all the 81 possible combinations of
the parameter values a and b. Indicated is also a first
axis 150, indicating the entries of the matrix, where the
sum of a and b (a + b) equals zero. The figure further
shows a second axis 152, where the difference of a and b
(a — b) equals zero. As can be seen, the two axes 150 and
152 divide the matrix into four quadrants labeled with num-
bers 1 to 4.

The first symmetry, assuming that a combination (a, b) and
a combination (-a, -b) are equally probable, is equal to a
point symmetry to the origin, which is explicitly shown for
two arbitrary entries 154a and 154b of the matrix .
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information fromthe order encoder 120 and the code
words fromthe entropy encoder 122. The out put

WO paoenbs6e 124 t hen supplies the code words anBCT/BP2006/001294

association therewith the dfder information and the
sign information. Fig. 4a shows, how the sign

i nformati on can be derived by the sign encoder 130 and
how the symmetry regarding the signs can be used to
reduge the size of requi red Huf fman codebook. Shomn

4 tR8SPELYRhISRHes Bl £ UpFRe (RS bSyze of required
ghaiﬂmacrfaldqddk&m}es:gntaedfamtcﬁr reafl rapproshievaeigl vt (e by Iperform—
val ue r I t he X n e i

ualdies T ALg shoun and heyXs axi gngnd. fhe Bossifleor ne
did 1sl arvmdnantettd Adwe a‘imﬂtd ueEdy Jrfto rarek dys eerb'yfws of the

@&i@t@yﬁq@ééfaﬁ{@%é a&hgngeeohaghuaagaa&e ISRRGI NG Her ¥debook
-4 to 4 each. The patrix i s show ng I "the 81

FEEST IR VorbihatrbRd BRdt ReThar Ghefapnyarass be sigeg, when

tHendalcgat ethdsled SIB® a‘ddlsilcﬁ?glslﬂa&dlldwwtbyﬁgﬂeh%lgn in-
orma S:I'.Oq‘lf he Lrd X, re t Z} q:ﬁ.l fe awaaSndCO b
equal’s - gqfr SR ecor%iL §X| s
152 vvhere the di fference of a and b (a - b ) equals
4y S H@Wbb §$eghet§%c%W@ é%@%'Qlelég Hh&éd%se of

the rmtrlxmto our rants | abel ed 'with num bers
Yy 4the TREdeEr SOdeFmetd yto agsdirRg tthtatS2 ofbi HAE] éwffman

(@dg@)o)o]@r@y aaﬁ@{‘ﬁliéﬁatfla@lﬁoﬁr tQ)f -Mp @62@11?&1&@1 Y2. The second
pro a IS € ua OI nt s ry
bc'réi'em% )Ftkyﬂ:o B 1 aﬂcg ’er?t rlag? equally

1:&4:&)8&13@ 154b o.f.quah'le trat ra xnuAmomnwgnt@ﬂe tércodenataing ma-
rt%q%%nt'%}qessj z& % '1L ’iﬂfslmiré Cﬂ)@:e%% ye %hown for
2 ‘by ‘per

factor of "approxi rrat orming a sy

&her avicomatmiey @ntn-’gtetawewéﬂ Eres 16161 hes iy i cr@aajmmrorlng
oF the fiasie quadr ant nddde-ent&i es, of . thﬁefre%_tce by as-
%uadrant to the second quadr ant. Such, t he cod lé

1igning corresponding entries of the secon of the
first quadrant the same code words, one can save another
factor of 2 in the codebook size. The order coder 120 de-
rives the order information to preserve the information,
whether the original tuple was from the first or from the

second quadrant.

As illustrated by Figs. 4a and 4b, an inventive encoder in-
corporating a sign encoder and an order encoder allows that
only one out of four quadrants has to be covered by Huffman
codes. A two-bit postfix code determines a unique mapping
between every pair of wvalues in one of the four quadrants
and its corresponding pair of values in the remaining three
quadrants. Note that for pairs of values situated on either
quadrant borderline, the postfix code consists of one bit
only or can even be omitted in case of the pair of values
situated on both borderlines, i.e. at the center of the ma-
trix.
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entries of the third and forth quadrant can be saved,
when the sign encoder 130 additionally indicates by

wWo b@eddsye3 i n formati on from whi ch quadrant thePCT/EPB06/001294

was com ng. Fig. 4b shows, 1Bow t he second symetry can
be made use of by the order coder 120 to reduce the
size of the Huffman codebook by anot her factor of
?EprEW?nge;hiZSymﬁbgrﬁeﬁp@ﬂaﬁyﬁﬂEtfNowﬂPﬂ%iE?géhaﬂa and 4b,
n a ) are equally probable, Ls ,

egga‘?é?osg morFlgrrl?%é )i Jf%%r‘?%ﬁa?fﬂ?%lg Eﬁet??%rﬁn?i%iié%lues in
athehsenrining2quadirentsihtp exampldeattiowmdtarist htot woracti-
NBAT I ¥e£BbhHE £S5 1pa Afh pbb S%p ' ol 47 QL1 _
t he tuel e,qgo, ,%d%%(go t he t(gpelué 2%?&#&?&%@%@%%% rep
s‘?@?‘f’r"ﬁﬁaEb 1 e5HIHFhgRrR rfeRViiee: second and of the
first quadrant the sane code words, one can save

0 .factar of 2 in the codebook size. The qrder
?bd@rg%éégdesqcrﬁa\%ee@yt hJe“%?ﬁ%?r%?@r tiod}FtﬁmBP§§’@?UE of the
treesertior imrenhiomhéshehdwre oni Gigal 5t uphe was D matrix
thecd | kgt of fJ 0 d il Lustrated. _
b%?,Fi gjz 4a landtOZ%l?Qgﬁ ﬁvgﬁt%‘% @%@%‘a%ﬁsﬁ"n a qua%ra 1C ma
O porst ngsa Y efodere argfan Jiter deadodér caltawsiz 160
talado Gy earitde Ofvd Qs qupdratsndas, to he goveredis ang

Syarl—éunﬁg man coges. A two-bit postfix code determ nes a .
G Weppl Ag Bt fREN PEFERFLSE P SN VRl Ged PiHigne The reor-
tdeer frour £ guiboly ang stlaemdnapsicer aegpondhng iaiimddfcated in the
vl ues, 4 n enpini ree .quadrants. Note that for .
pairs of va ueeg S t%zﬁ%g&:[%n%eaﬁ%lexr eaalueénoernatrﬁ £s ‘matked with a
BUY B itEbahe Posisi ko cbdencbndi sthasf towd e twhardey infor-
efatCiath eMEME A tE&dah NeGagenhnthe (Rabr 1@f MRlUeSinich is
sE:qrtueﬁ;fed oa;l bot h \%ord rlines, i.e. at the center of

e I 13 F A Powiatg s Miet B BiserE i dh S hdh g sth quad-
Fisge.) 4ereanttotledeld can the flodnatest GiROrdercHd®Yadratic
tg%gl ; ggt :r%o%t%?‘%(&?e%sr ! glrl}gg%sr %Ii?llgn%&yagarggt olfnti%f%rmation
values (hatched elements) are reordered to the upper right

side of the matrix 160, being hatched in Figure 5.

After the above mapping process, the tuples to be Huffman
encoded are given in a quadratic representation and thus
are easy to handle.

Fig. 6 shows a block diagram of an inventive decoder for

decoding code words that are based on information values.

The decoder 200 comprises an input interface 202, a code
processor 204, and a degrouper 206. The input interface 202
provides code words 210a, 210b and 212 and associated
therewith order information 214a, 214b and 216, both are
transferred to the code processor 204.

The code processor derives tuples of information val-
ues 218a, 218b, and 218c using a decoding rule, where the

decoding rule is such, that different tuples are derived
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cal reasons, since running an algorithmon a quadratic
representation is nuch nore convenient. A mapping

W@ tooatiesyy3 i ncor por at ed by one enbodi ment of thBCPERRE6001294

invention is shown in Fig. 1% . The original matrix
with the first quadrant to be mapped to a quadratic
matrix 160 is shown to the left. The quadratic matrix

130ral 0 hagmPaIRNR! &fo MR/ U@ﬁef Qi FRALRNR! Hud ﬁgglng the
X-axi s and parameter val ues for paraneter

$o556 SrITREBLIOR detiig .61 FORTRG Pihe CHRRS RGAeES, as indi-

dagerd tlymal sliiffdirGabedridert herdrawicign .where each of

the matrix elenments is marked with a uni que nunber. It

is to be noted, that tuples whose infor mation val ues
@Mmmaioaﬁ,e¢@@|ﬂﬁﬂﬁ§rﬂngﬂtm§ieﬁuﬁﬂ8wwn@Mdiglﬁcueréoderlved

&flrlong“%%ehasta‘}r{ée%d@é M e Sa 19{1 %ﬁ@bf' Eﬂl%:guﬂgvnlg asso-

rant) are reordered to t t sid

L fEauent 1%dex;méf1§9§mﬁagap@s,2ﬂaé@| g ol YunsThe tu-
@flelsnfo&f el atal e Sy hat £ herk 21 esrent g3 are rcﬁ@hda@@@ouped

h f t 160,
hi eeqdRBZerite26% UR Varith e Bnovioragbiag process220-
t he tuples to be Huffman encoded are given in a

gﬂgdr &P Segig%%z?’?eé”%%%scﬁiee §83% 4L h‘%&‘rgéxeeln the

OWs a agfam of an i nventive (de
ﬁ@dedé@ma*ﬁge%c?@W@%lwm ane pagepyordeeidered4dnand an

values gethgedeooder 200 conprises an input interface
202, a code processor 204, and a degrouper 206. The

i nput interface 202 provides code words 210a, 210b and
2h2 @mdﬁmyyxdeﬂdﬂéﬂt&ﬂ&wﬂd&ngﬂgkwuérﬁ@raaHhﬁmm2ﬁ4apdebook

%Q%R @99 %%%2 Qgﬁh CO (ﬁsqﬂﬁ{err EO tq%d 3%1esto one tu-

processor e proceSSor e(|ves t
PABoRAREI 0P V&2 6@esTRe8ALP288h224Ad t21 842 asi Ageatransferred

@%C%ﬁbn%ragkedeWB%%§ bhe qgﬁgdbﬂgorQE%eh%e%u%ﬂe thabciating
different tuples are derivedfromthe sane code wor

PﬁéeﬁlﬁpépéﬂﬁtﬂeﬁleghﬁaQFﬁﬁrtﬁ§C°der 224 derives the infor-

mation values modifying the tuples 226a to 226c, as indi-
cated by the order information. The derived final tu-
ples 228a to 228c are then transferred to the degrou-
per 206, that degroups the tuples 228a to 228c to derive

the information values 220.

Fig. 8 shows another preferred embodiment of an inventive
decoder 200, where the code processor 204 further includes
a sign decoder 230.

The input interface provides three identical code
words 232a to 232c¢, sign information bits 234a to 234c and

order information bits 236a to 236c.

The entropy decoder 222 decodes the three identical code
words 232a to 232c into three identical tuples 238a to
238c, which are then transferred to the sign decoder 230.
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same information values in different tuple orders, as
indi cated by a differing order information.

wab@cabsase, the differing tuples 218a, and 218BCHEP2006/001294

derived fromthe sanme code2iwrds 210a and 210b, since
having asso ciated different order information 214a
and 214b. The tu ples of information values 218a to

$ﬁ§§l%#é?tHggoggﬂrfy@egdg¥t£8§aﬁ§ VQHQSEVQQGthg %h%hdlnfor—

mat 1 on val ues . S OWs a

iR 43 4rechRler 34Ghersl M EﬁoEB@%g %gﬁa to 238c,
Ianssclyﬂ@ﬁc@ﬁe@nbpowed@q@dﬁmﬁfz&mcm zmiaert@lezmler to de-

224. T t d U
oo R EY RS (2R 0T S Eh 0 E o R Rl Rb 3 heorma-
ttol nevdlugd evi226axdmre226cidie tupl es 226a to 2260

are transferred to the order decoder 224 that al so
recei ves the associating order informtion. The order

ddoderpoa déPavés 120G nibe natPoRfearaes Gfodiryi Agder de-
theidppbes, 2264+t 02d2BEio@S11 dke@éh@éstjkheoQHéer1nforma—

i nfor ion. The. deriv flna s 228a to 228 ,
LS TSN DE P S Pe 2500 28 ormacion
degmgmpswihmlmuphestﬂ@&astd0228¢dm£4ﬁniVQ theeive the cor-

ifrg)corfdl nzf&le%’eacl &S, 1%40- 24':2‘39&02023%%’\5 %@ﬂ% e%fezfz;ﬁzfafec% 242¢

an I'nventive code
proTadsor RomSianiesg ’qmcﬂhﬁjéée@fcﬁ%liﬁif @é},%detrhazts@lerﬁﬁf@s the

LR e T 85 268 1ReRVRdes B ereqb | teeder wpI &S 242a to
232a to 232c, sign information bits 2 4a to 234c and

-|nfornat|on bits 236a to 236¢c. The entropy
decoder 222 decodes the three identical code words

to .23 nto d hre dent I 3
éﬁl %ﬁ% %ﬁgl rans e?rgﬁmg a%ﬁ%“éggﬁ%§e§§§§P£g§§ %%Kmders
silgpwrdetodéehe2 30 qaddist i2omahd y 3r eeobpss t Hevat ghbenpgder en-
r@;déln Rt he 234c angh medibhes the tupleewR38ené Oorder or

31gn information and do simultaneously alter the tuples, it
is alternatively possible that the sign encoder and the or-
der encoder retrieve the order and sign information without
altering the tuples. A Huffman Codebook has to be designed
such then, that tuples with different sign and order

informations are assigned the same code words.

Although the preferred embodiments shown in the figures de-
tail the concept of the present invention by using two-
dimensional Huffman codebooks, the inventive idea of using
grouped values and making use of their symmetries can also
be combined with other lossless encoding methods, espe-
cially with Huffman codebooks of higher dimensions, i.e.

building tuples having more information values than two.

Figs. 4a and 4b show a way to derive the symmetry informa-
tion used to allow for a smaller Huffman codebook. In a
first step the third and forth quadrant of a given matrix
is mapped to the first and second quadrant. It is alterna-
tively also possible to map other combinations of two
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as indicated by the sign information 234a to 234c, to
de rive the tuples 240a to 240c, that are now havi ng

WO pdoenosits on val ues with correct signs. The t uptEEPRMEB01294

to 240c are transferred to2the order de coder 224,
that additionally receives the order informa tion 236a
to 236¢c, and that alters the order of infornation

I 60204 tPedlcid® tReeigidhits,
%@%&mﬁﬁﬁﬁ%igmtomﬁ%Mtwé °r as

32 B8 Bhoo SHRESFun P aRER L PBLE PERBSHEGRORPER that the
&Q@plhﬁabaﬂebeQévéheednfWhﬁabamﬁ val agso2PPubyfor the sec-

roupi ng_the_ tuples 24 0.24 A, hough the
B@Sgg¥b889ﬁ§%%gnoF%Pﬁbenﬁl%ggenc%ders shown in
the flgures 2 and 3 propose, that the order en coder

g .agd Bg@ssbgaa9n69dﬁép$§9gr%EE'ﬁﬁgdkﬁﬁtOBQGQ RAtrix into
nin ornatlon and do si nultaneousl % al ter th

Puﬂ]”é@raitth Fafnig fiPEn possFHr et HR Jt3ﬁeu§? gfescribing

@D@@@%lbfo@ﬂtd otfh&leu_dé%f saimref)delrr;mtma;]@mg :Tas oadesxangle for
Si or mat i wi t hout, altering the tu es .

P Fir CoteBbOR. Pt 58 dSSIGRES" sutiBiTeh, SPifar aPPLngs
puplyehaniet ht i b&esenh gihgrt ariteyor alee unﬁquﬁaﬁmdngamwbe re-
@ﬁgggggd the sane code words. Although the preferred
enbodinents shown in the figures de tail the concept

of the present invention by using twodi mensiona

Ué Eﬂamnggdﬁbeekﬁalhh& mémehtaelbde@eqﬁluamegtrreﬂpeﬂe in-
esS an n se 0 trles ca aso
e M nerng oLar SUE kR o PR Ry et S LR Emented
d:halkﬂa;tdwiatcle kduf fimars cftdehook sTiod  highene i artehoh o@@n be per-
I, ui tup - [ [ Logtiop, v
lepSmel) &9{&@ Phegibayl g Jnlp mg%gtgﬂberP%e%kH%gcular a
slyﬁﬂfet (V0 nddr watGRdnhagast @lﬁlqté’wnfléiralalySn@%%ﬁ*ble control

HQEBE@B cpdekaokhekBog, f ivhsthsteppthatkhivi énandpiegtmmable
%g%pg%ga(gyg%égvggcga%%gé the inventive methods are per-
formed. Generally, the present invention is, therefore, a
computer program product with a program code stored on a
machine readable carrier, the program code being operative
for performing the inventive methods when the computer pro-
gram product runs on a computer. In other words, the inven-
tive methods are, therefore, a computer program having a
program code for performing at least one of the inventive

methods when the computer program runs on a computer.

While the foregoing has been particularly shown and de-
scribed with reference to particular embodiments thereof,
it will be understood by those skilled in the art that
various other changes in the form and details may be made
without departing from the spirit and scope thereof. It is
to be understood that various changes may be made in adapt-
ing to different embodiments without departing from the
broader concepts disclosed herein and comprehended by the
claims that follow.
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is mapped to the first and second quadrant. It is
alterna tively al so possible to map ot her conbi nati ons

w@boobmasaes ghbori ng quadrants to the remai ni ng PEIEP2006/001294

quadrants, as long as the gymretry information is

preserved such that the mappi ng can be reversed. The

sane is also true for the sec ond symetry operation
EhdIMSin Fig. 4b. Fig. 5 shows a way of mappi ng one
quadrant of a matrix into a quadratic matrix all ow ng

to conveniently use describing a codebook of reduced

5i zeBnIPAST nEphi ARCPSI AR EXERPTEtier Vil vEHl eCpBRE] HiRg:
mappi ng schenmes, wherein the nmappings only have to be
such_that they are uni que and can be re verse
DepehdPRGUBA LS i G T e Ss Pon TH THEiEt g values
t he imtoenttweleethoalstuphe orvent i ve net hods can be

i mpl enented in hardware or in software. The

i mpl ement ati on can be per forned using a digital

st oragéeoaedilmforing tiant | ¢eneratsori SRr D@beglatdingD order in-

havi fgrgh€Léh ORheakhy ihgadad et GENEN Jr KL ANGhE 8t URE word
t her eon, which ioo eraté with a progra bIe comput er

systEW stRf FHALSt RE1PAVER: 99 ds? PeFFor g, encod-
Gbneim¢lyuléhfspm@@ﬁnthéﬁvﬁhél@@mescoﬁhewefdres assigned to

COMPULST. Priogt AL PY odlet W th £, Pt 00 Sﬁ“CQgSegt%e&Pf‘erent

ne rea e carrrer, tThe progran1co ei'n
oper@IdQ@Stcﬁn®erforning the inventive nethods mhen
the conputer pro gram product runs on a conputer. In
ot her words, the inventive nethods are, therefore,

conift PV R By r HAT HRTA TR BOProgFRRt ECEe Fbe 5%??0Wﬂ¥ﬁgand in

at leaséconeied dherdvvent tive seddodsn ibenathen.

conmputer programruns on a conputer. While the

foregoi ng has been particularly shown and descri bed

2 t FEnedderente eocpadencel arit@nbobaient s themédich ithe code

wlllﬁ%%fﬁ%#ﬁéﬂ(ﬁ%héghﬁ$¥nﬁ?é¥ﬁéé§d ”o£@§raé£c6@@% for de-
various other changes in the formand detall e
madeciving the order information and an entropy encoder for

deriving the code word using a codebook that assigns
tuples having identical information values in different

orders to the same code word.

3. Encoder in accordance with claim 2, in which the order
encoder is operative to reorder the information values
within the tuple to change the tuple order to a prede-
fined tuple order for the tuple, the predefined tuple
order defining an encoding order of information values
for groups of tuples having identical information val-
ues and in which the order encoder is operative to de-
tect and encode a deviation of the tuple order and the

encoding order; and

in which the entropy encoder is having a reduced code-
book assigning a code word to tuples having information

values ordered in the encoding order.
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wi t hout departing fromthe spirit and scope thereof.
It is to be understood that various changes nay be

worawe/10836adapt i ng to different enbodi nents w t POLEP2006/001294

departing fromthe broader 28oncepts di scl osed herein
and conprehended by the clainms that follow CLAIMS 1 .
Encoder for encoding information val ues, conprising: a

qrou@%kd&&kSEHNHEde&QKbé”wf@MeclgiﬁrﬂathﬁnwhébHe%he order
into a tuple in a tuple order; a code i nf or mati on

gene Sforl ARG LA TR of AeFSPRIEEr A dR toFAREAL nyalues

the twdpplhd nor dre ambpe cade waicthahafingheat upl estisiitFomation
enco%gﬂ% ruI wher e g od i.n rule i s such that

the same co e mﬁr&econ SS|gﬁegat6%Puples Havi ng
identical information values in different orders; and

&) OGNt Gr £RES ah RULAYHL I '1%1}11“?009@19 w‘?ﬁrc% and

i n associ ati on thGFGMAth t he or rmation.
Encoder in accordance with claim1l , in which the code

i nf orm@t icerled e nELAIBI 1lonC |glé@1%$ca%@10&@eha&fl@1@d%r §ian encoder

derivying the order, infor an n entro y enc

for S8 ATt fe Sialle MCPATGaRRG 4 CdaRRI0R thatdh Sombina-
aSS|gnsnt@ﬁlehehamfngmadenhlwauuemf@nmuumomheaku@éeh
different orders to the same code word. 3 . Encoder in
accordance with claim2 , in which the order encoder '

i s opBfatinNAERIaY adtlderis heurhf oftiatlti e/ atyes @PeR| Word is

the typlignte changgide &&'PESrQﬁerntL9 gpr@d@ £i§8dof each
tuple %érer for thi tupl e, the redefi tuple order

deflﬁP IR tdRBodR &eoFBeF &f SUR-6F mBPFon val ues for

groups of tuples having |dent|cal i nformati on val ues

s LIS PSR DALV SR R0 ccon

information in association w1th the code word.
6. Encoder in accordance with claim 5, in which

the sign encoder is operative to change the signs of
the information wvalues within the tuple to change a
sign combination to a predefined sign combination, the
predefined sign combination defining an encoding sign
combination for an order of information values within
the tuple differing only in the individual signs of the

information values; and

the code information generator is having an entropy en-
coder, the entropy encoder having a reduced codebook,
assigning the same code word to each tuple having the

same order of absolute values of information values.

7. Encoder in accordance with claim 6, in which the sign
encoder is operative to change the sign of a first and

of a second information value within a tuple.
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encodi ng order; and in which the entropy encoder is
havi ng a reduced codebook assigning a code word to

WO xbaes4bnvi ng i nformati on val ues ordered in tPEI/EP2006/001294

encodi ng order.4 . Encoder 2tn accordance with claim3
, in which the order encoder is operative to reorder
the information values within the tuple by exchangi ng

B .lfi rlﬁicddgxgri@&é@@oz\f@éﬁ@e V\Jvlhhaci_éﬁﬁnﬂl,i 'fﬁ:@_?ﬁ%trl Admprising
val ue. 5 ncader. i n accor dance,, cl ai , :
Wi oI (e SR o AT GRTerHiHD SR fgicglingn of in-
encodert twalderd we akgiagm ianfdirfifitrieort iialdiyc atriqugleal Siegiresen-—
conbi i t he .i_nf.qr nati I i thi

Fupl SR S ST, TR 2D M ER, W eleln yalues.
word is assigned to tuples differing only by the sign

of . eagitddafor imt 8Rc¥ahNee | fithe diphe s, anth theioHt BHE dif-
interface is peratlxﬁ%}o outggt t he, sign information ,

i n asSFSHA Y T IIRE chRler w2 61O ERE oder- AT esentation
accoragfances Wihput! aalubs, dif fsfrictit itld ySigicehedden ktsme or
oper%&{%gjtqﬁghange the signs of the information

val ues' Wit n The tupl e to change a sign conbi nation

to a predefined sign conbination, the predefined sign

CQDIAI RS def 1l AR RNGALN G5liaN 100N RALIAN Y infor-
an order  of information values wthin the tuple .

di f f FAHPOM3LYGE tFRBRF i HybPrarf#on oVatHes describing a
I nf orvaideon val wasiecard ghe eeden Rlermalsigmagener at or

I's having an entropy encoder, the entropy encoder

havi ng a reduced codebook, assigning the sane code

vidr.d Brecsigeh inuglos drateineg twhehsarte ior der iof wabsdl ythe infor-
val u fd rnat i lue 7 [ 14 -
R e Pl

oper dtliale EOrERbMEEOR hdWgerofa g firsdt ang a second audio

channel and in which the BCC Parameters are chosen from

the following list of BCC parameters:

inter-channel coherence (ICC),
inter-channel level difference (ICLD),
inter-channel time difference (ICTD),

inter-channel phase difference (IPD).

12. Encoder in accordance with claim 1, in which the encod-
ing rule is such, that an encoding of information val-
ues results in a sequence of code words having differ-

ent lengths.

13. Decoder for decoding a code word based on information

values, comprising:

an input interface for providing the code word and in
association therewith an order information indicating a
tuple order, being an order of two or more information

values within a tuple of information values; and
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of a second information value within a tuple.8 .
Encoder in accordance with claim1 , further

waeeopnossng a differential encoder for differe,ti/aP2006/001294

encodi ng of in put values 28 obtain a differentially
encoded represen tation of the input values as the
i nformati on values. 9 . Encoder in accordance with

Claig1§o?%ipr$@éggo£h§og'Berg%gﬂb'%lEhﬁy@xﬂgﬂﬁg a decodlng

represen on 1s a represent ation of_th H t val
di f f enbat aPppdéngo@Bd 3 RFRAHY | AUkt et c$0 fc?eate the

Encodesie i Roaa¢ortanee tMd NMed@ding rul@ whi (slmdhhe that dif-
i nfor matj on val ues co ri se |€for |on val ue

descF?B?%b EUE %%E@%ﬁ E}%%% e ~same c%ﬁ% word asso-

or~an au
si gnalatdd. kﬁno@ﬂﬁfetanmccurwancenﬁwxmatiqﬁwn the igifferent

MhlCPuéDSSIHLQEHGHEh?ns%ﬁ!u%%f% i$6 BEG RA! st §f frerent

describing a spa’t correlation between a first and

a setepde agtierghannel and in which the BCC Paraneters

are chosen fromthe following list of BCC paraneters:

i nter -channel cohere | CC I.nt.er hannel l.evel

4t § f BPEALRT (FELBFCOT ﬁPS% &’ﬁ%ﬁnéﬁla&% di PrordHc the code
(| CTP}océpser - thenngds phase difference (1PD) . 12.

Encoder in accordance with claiml1l , in which the

encod ing rule is such, that an encoding of
|nfoanaenbnONﬁld@@@d¢25ﬁ®rsdeﬁlﬁig@q@emé%lbml%@ﬁé tuple us-

mnrdg ﬁa$|@%d$ﬂggﬂ £ et hsach 13oabegedar tora prelimi-

deco g a code word based on information val ues,
coonF§Yn5uP%%'|%%@t interface for providing the code
word and in aSSOC|at|on therewith an order |nfornat|on

i ndicatin e ord I Dein er f
nDrea?nPS%ﬁ§t| $ Fﬁgég g ?) Wg%afeorderlng
vaIuEBe.andarmadeopraeéggarWHdﬁu@emhﬁrRFQ#%W&ﬂ%¥ms¢%@@e as
a degggiggted by the order information.

15. Decoder in accordance with claim 14, in which the order
decoder is operative to reorder the information values
of the preliminary tuple by exchanging a first informa-

tion value with a second information value.
16. Decoder in accordance with claim 14, in which

the input interface further provides a sign informa-
tion, indicating a sign combination for the information

values within a tuple; and

in which the code processor is further comprising a
sign decoder to derive the tuple from the preliminary
tuple by changing the signs of the information values
within the preliminary tuple as indicated by the sign

information.
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rul e dependi ng on an encoding rule used to create the
code word, where the decoding rule is such, that dif

wo evoenvs4szipl es are derived fromthe sane code MOT/EP2006/001294

associ ated by different order information, the
di fferent tuples having the sane information values in
di fferent tuple orders. 14. Decoder in accordance wth

Eha'gééggekn (déd n%%ﬁ%uRﬁPQ§§§ﬁﬁ 1@C|ﬂﬁe§h§8h the sign
entropy deco er °f eriving a prelimnary

ing 8e€6deb0dR 9§§¢gﬁ#ﬁ§ EqcRhasde- ﬁBFdSﬁané Bﬁe??ﬁh infor-

narymhdpbg; vandeapi@ndar tdecpdel ifidhader tupng.t he
tuple by reordering the information values within the

prelimnary tuple as indicated by the order
iLef.oDeabden. 1ih5.adoecwdercd widdcorbmimtel @v tin cvhaieh 14he sign

i n whi.ehgthe ;ardef %&%%e&a Haﬁaéﬂﬂﬁgeéf@ﬁg&fdgrfibgt and

i nf or et on val uss he pr Immnary tuple
exch@ﬁglmgSaCPnﬁstlr}ﬂﬁW% oFi2 VAP ud WEhim at%%cBﬁlllmlnary
|nfo&ﬁ%qbon val ue. 16. Decoder in accordance with

cl ai in which the input interface further

provides a sign informa tion, indicating a sign

aonbbeabidern fiar atkherdaheenaticanclalimed 3w tthirthart gpiprising

and 'n g@ gekg a&oggcgﬁ % %?rdﬁ%f%BEB@§%1°8€EBB§hagof the

a S|gn o derive
prelﬂnﬁnamﬁtﬂepléﬁbwﬂﬁhahgl@@tﬁh@ i gabfberepeially decoded

!anE@?EEQBn¥§kH%§ wiet RhR tReoprakiBhnaeyutypl € as
i ndicated by the sign information.17. Decoder in

accordance with claim 16, in which the sign decoder is
QpEr akkcweetko 1th®r¢gﬁ>1td$ﬁ1cfd gm&mfcmah i®f otnmahion the dif-
val ue within

acco §ﬁ8§lﬁ&§ (%$%%nar ﬁa?lgn : Ogﬁé LA formation

values 1is dlfferentlally decoded le tlme or in fre-

quency.

21. Decoder in accordance with claim 13, in which the in-
formation values comprise information values describing

a frame of a video signal or an audio signal.

22. Decoder in accordance with claim 13, in which the in-
formation values comprise BCC parameters describing a
spatial correlation between a first and a second audio
channel and in which the BCC Parameters are chosen from

the following list of BCC parameters:

inter-channel coherence (ICC),
inter-channel level difference (ICLD),
inter-channel time difference (ICTD),

inter-channel phase difference (IPD).

23. A method for encoding information values, the method

comprising:
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decoder is operative to change the sign of a first and
of a second information value within the prelimnary

WO xba08469. Decoder in accordance with cl ai m 1BCT/EP2006/001294

further conprising a differéntial decoder for

differential decoding of the information values to

obtain a differentially decoded representation of the

info ' % e LRoAC c bt ;
clai A EaPe B R P hat oy ecaden @ tuple in
repr @séHPAei ©Ad8F/the information values is

differentially decoded in tine or in fre quency. 21.

Decoder in accordance with claim 13, .in_which .the in
for nEENBRAY AP e “eor 1 Seo T bt at P B GaTqeg tre. tibie or-

descdebing a frane of a video signal or an audio

signal. 22. Decoder in accordance with claim13, in

whi ch the information val ues conprise BCC paraneters ,
descokbengtangpat icaldec aiamsl aforcret Weehe auFingt 2aAngrgoding
secopd gudigshanpgl  andddinthi gh1 &he B ERr amBkerthe same

are chaosen fromthe following list of BCC paraneters: . B
i nt eFOERalRER ééhé?éﬁ@@eélEE)Fupi?érgéﬁéﬁﬁeﬂdFESéFai infor
di ffgrenea (hCLB} ini aiefeebannekdeirse dnfif erence

(ICTD) , inter-channel phase difference (IPD) . 23. A

met hod for encoding information val ues, the nethod ,
conppissprgtgnouineg ¢awe ovondr @nidnfigr nasFenlghloestherewith

i ntocget URhe i BnaotMRESoQr der; generating order
information 1 ndicating the tuple order; generating a

code word for the tuple using an encoding rule, where
bhe gneRdin@ rid:e d6csdLhgt kadet o TEbsed@ wor dnifsrmation

assi gned Lo Lypl s havi g, L.dentiygal i nformation

providing the code word and in association therewith an
order information indicating a tuple order, being an
order of two or more information values within a tuple

of information values;

deriving a tuple using a decoding rule depending on an
encoding rule used to create the code word, where the
decoding rule is such, that different tuples are de-
rived from the same code word assoclated by different
order information, the different tuples having the same

information values in different tuple orders; and

degrouping the tuples into two or more information val-

ues.

25. Computer program having a program code for performing,
when running on a computer, a method for encoding in-

formation values, the method comprising:

grouping two or more information values into a tuple in

a tuple order;
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values in different orders; and outputting the code
word and i n association therewith the order

WO pdoenosits on. 24. A net hod for decodi ng code WeCTIEP2006/001294

based on information valueg$ the nethod conpri sing:

provi ding the code word and in association therewith

an order information indicating a tuple order, being

an order of two or nore information values within a

tuple of information values; deriving a tuple using a
deco@eﬁgrﬁ@négdéﬁékﬁinbnéﬁr%ﬂtéﬁ%oép jCAiadusidr t Buple or-
creabgrt:he code word, where the decoding rule is such,

that different tuples are de rived fromthe sanme code

word associated by different order information, the

di f f grertratipbes mmdauydﬂueEﬁﬂﬁth@fbﬁpﬁéioeimglaeSehnoding

d' ff%%t LRl & orfer c\%&ﬂr&e%&fgs NG tQSc{luFHh%% MO same

mor €' 1 At or ma |on program
haV| P?@dﬁ pesgr am esgéanee fser ftﬁpﬁﬁﬁgham@ﬁl Agiemitagadn infor-

a copputen, va1iBkhed herrerendi BgqkRrEer gRki on val ues,
the nmet hod conprising: grouping two or nore

i nformation values into a tuple in a tuple order;
genepatpngtanhdercHenfosd@mt wondi paiccatn ngstbeittpbe @herewith

der; g%ngrgtlngmﬁoggg?hmgrd for the tuple using an

encoglng Far e éncoding rule is such that
the sane code word is assigned to tuples having

'Z@anbﬁlﬁhtb!@f %rro@‘?:ta&no MMAlIHES, | B G £L 8T SBBeOFE@%r %er%%‘?fmlng,

outputting the code word and I n association theréew t
t he UPS@rruﬁPéPﬁaﬂWm? %RFP¥§ﬁﬁnn%rm%F%©?aﬁPﬁa@Fﬁ@déng code
pr ogwamdeoda skar perfrfdimition values, the method compris-

ing:

providing the code word and in association therewith an
order information indicating a tuple order, being an
order of two or more information wvalues within a tuple

of information wvalues;

deriving a tuple using a decoding rule depending on an
encoding rule used to create the code word, where the
decoding rule is such, that different tuples are de-
rived from the same code word associated by different
order information, the different tuples having the same

information values in different tuple orders; and

degrouping the tuples into two or more information val-

ues.

27. Encoded data based on information wvalues, the encoded
data comprising a code word for a tuple of two or more
information values arranged in the tuple in a tuple or-
der and an order information indicating the tuple or-

der.



when running on a conputer, a nethod for decodi ng code
wor ds based on information val ues, the nethod conpris
WO e@s/1p8463/i di ng the code word and i n associ at i BOT/EP2006/001294

therewith an order informatbon indicating a tuple

order, being an order of two or nore information

values within a tuple of information val ues; deriving

9 Uph €048k NGt feqdi Bgcbkhendepanding Omian £NcodhBan is
use cre he code word, where the decodi ng

rulest@rgﬁc%n 3 haemRl F ¢ Br epRda ik deedta- de rived from

the sane code word associ ated by different order

information, the different tuples having the sane

information values in different tuple orders; and

degrouping the tuples into two or nore information val

ues . 27. Encoded data based on information val ues,

the encoded data conprising a code word for a tuple of

two or nore information values arranged in the tuple

in a tuple or der and an order information indicating

the tuple or der.28. Encoded data in accordance with

claim 27, which is stored on a conputer readable

medi a.



