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WO 2006/105463 PCT/EP2006/001294 ENTROPY CODING WITH
COMPACT CODEBOOKS Field of the Invention 5 The present invention
relates to the encoding/decoding of information values and in particular to
iNg us- ing compact codebooks to generate an effig e
‘ggtggg%ﬁﬂ%g;f the Invention and Prior Art 10 In recent times,l%‘?(:lﬂ;‘ﬁ89630U‘)4
multi-channel audio reproduction tech- nique is becoming more and more
important. This may be due to the fact that audio compression/encoding
techniques such mggtewelldsioy winsg teehiniade haysrpade & possible
to 15 distribute audio records via the Internet or other trans- mission
channels having a limited bandwidth. The mp3 coding technique has
become so famous because-sf-thefact fhrat-it afowdistribution of all the
records in a stereo format, i.e., a digital representation of the audio record
inctud 208G aftrstiorieftistereo-channet and asesord 5 Highy HeRAiny of
chapael. Neverthelass, fhere are hasic shoreqmings of conventional,. -,
two-channel sound systems. Therefore, the surrounoﬁtecﬂ- Qg"n\lzque %as
beehUSEIEFEE ATEEGTRTEhdeY RRHEEABRNB s GrodiTd FéreSefitation
includes, in addition to the two stereo channels L and R, an additional
center channek&-and swaisuround chansetsiks. RsdT hisirelerenee
sound format is also referred to as three/two-stereo, which means three
30front channels and two surro q;d gpaqnels Generally, five =~ =
transmission channers are fedtired: Tff “&%@%aéw%hei%ﬁp A CAr1Rst e~
fivBi<HeakeRs REFRNd8eMPlaces dréiticedelnd etsn ofirhanTawese due
spot irtazeftairt distance: wf the fiverwelt-placetlovdspaakersc3hisenarakuch
teghniques are knovd Lthg it for reducing the, amauni of datatsguirgd,

for,transmission of a multi-channel audio signal. Such techniques are
i tﬂybute g % 8) recorgs via € % %mternet ‘ r -
cafle Joint sterec tec - or’otaer trans

mission channels having a limited bandwidth. The mp3 coding

technigue has become so famous because of the fact that it
allows distribution of all the records in a stereo format,
i.e., a digital representation of the audic 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. .Therefors, the surround tech-
nigue has been developed. 1B 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 twe surround channels., Generally, five
transmission channels are required. In a plavback environ-
ment, at least five speakers at five decent places are
needed to get an optimum sweet spot in a certain distance
0f 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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WO 2006/108463 PCT/EP2006/001294 2 niques. To this end, reference
is made to Fig. 9, which shows a joint stereo device 60. This device can
be a device implementing e.g. intensity stereo (IS) or binaural cue coding

WBDG)1B#ch a device generally receives - as an in 5 put - aP{gzBe 06001294

channels (CH1, CH2, ... CHn), and éutputs at least a single carrier

channel and parametric data. The parametric data are defined such that,

in a decoder, an ap- proximation of an original channel (CH1, CHZ2, ...
CHAPesn bE Talciidtedrrd NERASMERRE cafieFélignnePwillificlude which
sshband=sataples, speetral ceefficients,.tima domainisamples éte., avhielrice

PO Yide comparatively fine dapresentation of the ndedying, sighale:  cue
wh%,the p@g@fﬂetri% afa do not include such sam 15 ﬁles of spectral .
GOl T - - c =y SeVice enew recalilves '— a5 an in-
coefficients bu nc_luéle Softrs! par‘amegI ters for g%ntro iNg a certain
r88&nstriEtion LAGSTitRITP s%ﬁrgﬂ/@igﬁﬁ%rbﬁ%mpﬁcggmrtin%él%hﬂﬁﬁ@,uts
fre: quensey shifting,plasesshiftey, etanide pardnstrienddta; thetefore, The
inGlude.oniy a comparatively.coarse repren2@ sentation of thesignal ortheap-

associated channel. Stated. in. numb a t ofdata requ

e B B S R E W e sy =
?@&@ii:é‘djby parametric side information for one channel will typically

be in the range of 1,5 - 2,5 25 kbit/s. An example for parametric data are

the well:krownr rscale facters, datensity stereo informationsordainadral eueles,

p@é%@@é%éf %Q%V%ﬁ%t gscribed helow The BCC Techniqueds for: ;: on pro-

example describe e AES con- 30 vention paper 5574, "Binaura] Cue

ity 3pPRa i STSrE0 B N R AL Cbrire S TEet LYno
Fallenak, Bauiigarte Mayp 2002 Niumich: i théo| BEE WASPRICPERER Sam-
"Efficient representadion ebspatialiaudie using petedpitial control parame-
p@é@@“@é@“"@'&&%@?@&ﬁ@o% Mghonk NY,.ip -Binaurlo+ 5 on algorithm
such as weighting by multiplication, time shifting, fre-
quency shifting, phase shifting, etc. . The parametric
data, therefore, include only a comparatively coarse repre-
sentation of the signal or the associated channel. Stated
in numbers, the amount of data reguired by & carrier chan-
nel will be in the range of 60 ~ 70 kbit/s, while the
amount of data reguired 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 Technigue is for example described in the AES con-
vention paper 5574, "Binaural Cue Coding applied tc Stereo
and Multi=-Channel Audio Compression”, C. Faller,
F. Baumgarte, May 2002, Munich, in the IEEE WASPAA Paper
"Bfficient representation of spatial audio using perceptual
parametrization"™, October 2001, Mohonk, NY, in “Binaural
cue coding applied to audic compression with flexible ren-
dering”, C. Faller and F. Baumgarte, ARES 113" Convention,
Los Angeles, Preprint 5686, Octcober 2002 and in “Binaural

cue coding -~ Part II: Schemes and applications”, C. Faller
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Faller and F. Baumgarte, AES 113th Convention, Los Angeles, Preprint
5686, October 2002 and in "Binaural cue coding - Part II: Schemes and
Wabpeati#Aig", C. Faller WO 2006/108463 PCT/EP2006/0012947/E3 46/081294
Baumgarte, IEEE Trans. on Speechgand Audio Proc., volume level. 11,
no. 6, Nov. 2003. In BCC encoding, a number of audio input channels are
con- 5 verted to a spectral re‘%r_éesentation using a DFT (Discrete Fourier

TR dTm) BadRERrsforitiith ovaHSppIRG withdows. Tha résitiRg FXo°-
uMifeFRSpeeiram: isldivided info ndfvoverddphing partitions. Each partition
approximately has a bandwidth proportional to the equivalent rectangular

bapd 48widify (FRB). The Bl parameters age then estimaledhetween .,
two gprggn%ls for egcg iPtaxrtnilonr.eThiasSee%g:C“_E)Lzzljrpzzlmuest-§_:rns are nQrma Igﬁ, .
givén Tor eac Enatine Wlt%"respgétef(o a referétice phar%’neﬁ‘ ahd %re‘ ~screte
furfietifoie GUARTASI The tsttnitiethpas Aifffetérstre ARaM eaktiged i n-
indaecordanee witls yre Ixcscrbeddormuas{encaded, whichdnay atsoe non-
dgperd gn-the, specific pagitionsfdhe signal 1o be procassed. A-RURbeL: o
oL BCG parameters do.exist, The CLD parameten for example, descrives,,
the difterence iratl Sfthe aner-20 gies cohtained in compared 2"

cHafndls. FRé 1cChsraRcte PErarehahRePdtherdide /St dATioRT Petwesn
deseribgsathescorret datiopdugtweenithe two .ch@hnels, Whichcarebeters are
:JHQQE@QQ@ @i%Si%@r%@%t%WgﬁgwrW%@g tb@st_ﬁﬁ’@c@"%fg‘eﬁsbf@l}%x@nce
r r (inter- Jdime difference) describe ohaltime _
S ey e e SR e o
phaB& titfsterite déscibesithe 3hme Wit respectoRE FHHSs BitHe P~
siprald Onefshisuid e alvarectiatlin aframb-wiseyproéessimepkad 301 the
asgiosignal, the BGG analysis isnalse petformesl framer vise,de; .
time-varying, and also frequency-wise. This means that, for each spectral

band, the BCC parameters are iy )
A number of BCC paramesters do exist. The ICLD parametisr,

for example, describes the difference (ratio) of the ener-
gies contained in 2 compared channels. The ICC parameter
{inter-channel coherence/correlation) 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
glcbal 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 & frame-~wise processing of an
audic signal, the BCC analysis 1s alsoc performed frame-
wise, l.e. time-varying, and also freguency-wise. This
means that, for each spectral band, the BCC parameters are
individually obtained, This further means that, in case a

~audic filter bank decomposes the input signal into for ex-
ample 32 band pass signals, a BCC analysis block cobtains a
set of BCC parameters for esach of the 32 bands.
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individually obtained. This further means that, in case a audio filter bank
decomposes the input signal into for ex 35 ample 32 band pass signals, a
BCC analysis block obtains a set of BCC parameters for each of the 32

Wnts/1W@32006/108463 PCT/EP2006/001294 4 A relatedretinmngueno1 294

also known as parametric stereo, is*described in J. Breebaart, S. van de
Par, A. Kohlrausch, E. Schuijers, "High-Quality Parametric Spatial Audio
Coding at Low Bitrates"”, AES 116th Convention, Berlin, Preprint 6072, 5
Mby 3608 5Rd ESSRRTS, J Breeb4RRYA. PmRAGETSE  ERgdégaee, i
"LensCohsdxity: Péraetrib8tareo Codingt, AESP216tECoReeltivnsch, &,
BadinuPseprint 6Qi43;:May 2004y Summantzing r@g@ﬂ&a@pmﬁgb@%%mg at

Paramettie coding. of %\%m@ﬁ}w@%@g% signals (- %E%“a'ﬁﬁ %‘rlnt 5072,

Codlng In- aural Cue Coding ' (BCC) etc.) represent a multi-channé

al:dio o n”eil by Redns %?ﬁud’tﬂﬁﬁ:rﬁi’x Si gnglr(%ﬁﬁﬁuabé mdho- Pioriegen: I
cOMPASE 3eYeral ERaANEISPaRd: paranietrieside infofrhatier ("Spdtialg® . AES
cuess} characterizing:its prreeived o spatiatsosmistagesy/Itis desirable

to keep the rate of side information as low as possible in order to

mgmmlze overhead mfornlatlon and leave as_much of the avajlable
transmission capacity Tor the S6aing of %ﬁe dOWAMIR 3T Hars 50 SReway, °F
toReEp e B Tate GTHRe Sidelimfsrrmatiorcbatisaio BYSHes|yehEvae thdBin-
sideafbrdiationaafiangPatidd@u- dia schemeohy applying,Hor examipiinel au~

eaix@pyﬁqﬁi@q aLgp Hibms todhe sidedpformatian. dgzn%h_-os§!§§§l%pdw moTo-~
|

%Q en extenswe a%plled in enfral au- di ng_ in order to ensure
% ﬁmall compag{t repre- sen%atlon for uac;L dsgp}ectralacoé?"famens

ardh oBEE 5 mférﬁ%ﬁBhaEx&Hﬁ%s fOF&ﬁpf‘%ﬁH%@éﬁE@dlﬁ&?ﬁW@@lVEd
36 padiméthodsrate ghamewithin the ISBAECtandards MREGthe rate of

side information as low as possible in order to minimize

side

overhead information and leave as much of the avallable
transmission capacity for the coding of the downmix sig-
nals.

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

Lessless coding has been extensively applied in general au-~
dio coding in order to ensure an optimally compact repre-
sentation for guantized spectral coefficients and other
side information. Examples for appropriate encoding schemes
and methods are given within the ISO/IEC standards MPEG]1
part 3, MPEGZ 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 Audio Coding”, S. R. Quackenbush, J. D.
Johnston, IEEE WASPAA, Mohonk, NY, October 1997 describe
state of the art technigues that include the focllowing

measures to losslessly encode quantized parameters:
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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 35 MPEG-2 Advanced Audio Coding", S. R. Quackenbush,

W) Brogatfidsion, IEEE WASPAA, Mohonk, NY, October 1997=desurioss/e01294

state of the art techniques that inclufle the following measures to

losslessly encode quantized parameters: WO 2006/108463
PCT/EP2006/001294 5 (r) Multi-dimensional Huffman Coding of

quantized spectral coefficients 5 (r) Using a common (multi-dimensional)
Huffrivarl Codebueksberssits Bf:ddefficiefsdinCodig thauiliessithepastral
hole eneading ;sigr infor- mation and magnitude information separately

(i.e. have 10 only Huffman codebook entries for a given absolute value
which reduces the necessary codebook size, "signed" vs. "unsigned"
cbdeHSdRY BsTFarEmaTVe codehB5Rs bPaffbrerttardidt abs6 P8 Tlte ™ °F
valuess(L ANS), keedifferdmtrhaximum absolute values within the

parameters to be encoded Using alternative codebooks of different

satistigal; distibution for.each.LAV 20.a Trapsmitting the-ohoicg 0, 1 nzor-
Huffman codebook as side in- formation to the decoder Usi %"sgctlons"
C

to defii& th& ra% &%i%ﬁﬁgn of! E%réﬂéa&%gglegt%%aﬁﬁ r%' :Hé%bol?ave
Differentisl eReddingrof scalefaetdrs Gverficiuericy” antl s@bdéduermosoiute
Huffman gedingrofdhe resudi:3@ Anotites tecluigue forthe tessiessrk  size,

encodingof.coarsely eijantized values{ntn.gsingle 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 stéhe®d BOAEE 11 Te2-3@iebooks of different largest abso-

lute walues (LAVs), 1.e. different maximum absolute

values within the paramsters to be encoded

e Using alternative codebooks of different statistical

distribution for each LAV

¢ Transmitting the choice of Huffman codebook as side in-

formation to the decoder

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

each selected Huffman codebook

¢ Differential encoding co¢f scalefactors over £freguency

and subsequent Huffman coding of the result

Another technique for the lossless encoding of coarsely
guantized values into a single PCM code 1s proposed within
the MPEG1l audio standard {called grouping within the stan-
dard and used feor layer 2). This is explained in more de-
tall 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 Audic Proc., volume level. 11, mno. 6, Nov. 2003
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35 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 WO 2006/108463

VWRCWEP2006/001294 6 gives some information on coding afB@E2606/001294

parameters. It is proposed, that quéntized ICLD parameters are
differentially encoded 5 0 over frequency and the result is subsequently
Huffman encoded (with a one-dimensional Huffman code) (r) over time

arft HefreSiitTs SOBSEqEMPH G MET SR odéd Riith Bordginséssional 19
Hefpanseste) L6 hnduat finally, TR Inore-effieiert variant (sl ddlectsttas 11y
therreptesentation of an original audio signal. As mentioned above, it has
been proposed to optimize com- 15 pression performance by applying
differential cojgin over frequency and, alternatively, over time and select

the m&‘é“%fficfé%%%%ﬁ%ﬁt. The s )Peef:telde\?é};a‘ht feSthEH 3R§HRIES 1o Ya Huffman
decod®P vRESEEMESigs infopratiehmed ST Bror i feelnigues described
above are useful to re- duce the amount of data that, for example, has to

ba trapgmittedrduring anaudios ot videostream, Usingthedeseribed ., o
technigues of %%%_scl?gs encoding based on J(;réSrop}(-codln% schemes

generaﬁy Fesults in bif stfeams With a non- 25 constant b Cg‘gfef. In the AAC
(Advanced Audio Codec) standard, a proposal is made to reduce both,

thersizé loé thel code Wwordsandrthies sizéfdfithenunderlying todebeek dared zs

using "uBsigaedn cade 30 beoks, assuming that theprobability 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

afe thBhA i fitted 28Parately ariScanthe doneRfsTed ash FEdtiRthgecom-

nﬁﬁ@ﬁﬁ}bgd@@@ﬁﬂxmghm@ghy applying differential coding over
frequency and, alternatively, over “ime and select the more
efficient variant. The selected wvarliant is then signaled to

a decoder via some side information.

The priocr art techniques described zbove are useful to re-
duce the amount of data that, for example, has to bs trans-
mitted during an audio- or videostream. Using the described
techniqgues of lossless encoding based on entropy-coding
schemes generally results in bit streams with a non-

constant bit rare.

In the AAC (Advanced Audio Codec) standard, a proposal is
made to reduce both, the size of the code words and the

ize 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).
Aszsuming 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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* BaalichisieS. shalyOn e epreseniation o idch

35 tude information into the actual value (S|gn X magnitude). Assuming for
Book this results in saving a ¢

“factorof 224 = 16 (assuming that-all valpes -carry signs) in the size of the™
codebook. int d 14YG312007; DESCPAMdj EP200600 }294 Quite some
efforts have already been made to reduce code size by entropy coding.
Nonetheless one still fights some major disadvantages using techniques

0 Bﬁ&?ar?qf‘%fr eREBRIPIE, WhES usihgendl-dimensioadkHfbnareduce code
cBdabodks, eneopan ash?a’s/@ a ﬁ@@f@@ﬁ@l@é@f bszfates%el%%df@ hts some
teanseit SORERNY s achieved at the cost o

|S§§§ ei tlitgg size of thgﬁﬁln%ﬁlngoﬁgo ut%sat?w %5 5e udéd, sn?r?é ex=
for eac fional dimen® %héjﬁﬁ?ﬁﬁ?%‘?riﬂdeﬁ%ﬁ% |ﬁ@@%@%}@y aone
p%?zﬂér"i‘)‘fﬂi’v?r@‘ﬁeh|t%I |§§§|§@i@ﬂ:lalty disadvaittageous inapplications yyhereni t
tReRufferere dedetbadlk tstransrjtterktogether yathitheencoded Hgorégg-t of

tigwn, eﬁetﬁéatgcee&%m{?i%”ﬁcé%s%%"tgh%orﬂ §%¥Papr%“t§gve$;§ ;’5%%#&%8 to

Evgn if the ,Huffman cod ook 0€s no

\?\ﬁtgr?t ata it has to B& sE5HEl 189A Hhe PRbISLARI 7 iy déééfi‘ieﬁmf fman

é’@ pehistfe dBFr4ge spadey whidhciwawaitdbleonly iftimiteds espe-
ftienkitigs, désypatially: momobile applispiaistor Mdeo eraudio sifeaminge .
ercplayoagk. 20 &eae{a}nmwueeaé@m%t%ﬁm'%ﬁéoté%ms of! X ra -

| Rigothe Us Ratenf 5550541 rel the eneratlon of compact sou

tables for encoderidecoder sys sﬁﬂﬂﬁ%ﬁﬂ@%nﬁ?%ﬁﬁﬁn com-

~cadin
r‘?c?os(% AG TabfEL e GEneraisT whfchté?é shiafiEnerancsinientisnaldalsles ot

By BRdermg Ryt 28 et titkih messages prare, encodingsand be stored
addmbﬂwbm@ﬁ&@ﬂgéﬂﬂe&ﬁﬁQ%@mﬁgEWHQfheH@%&H%%Cg%gggggve stor- -

es usin
ations for, Iossless codlng ??EW?EEEGS:
8%’ %Eﬁ\%ﬂé’ oﬁHRM@EtAﬂ%ivﬁsrANwdeo or audio

ﬁﬁf%W@TMI@Na@QQV 241) suggests a novel method for
representing encoding wide band images using permutations.

Several publications relate to similar problems. For exam-
pie, the US Patent 5550541 relates to the generation of -
compact source coding tables for encoder/decoder systems.

Multi-dimensional | Huffman encoding tables are generated
which are smaller than conventional tables by orderlng Sym-
bols within messages prior to encodzng and additionally
passing order information with the resulting code word

Pattichis M. $. et al: ,On the representation of wideband
images using permutations for lossless coding®™, PROCEEDINGS
CF THE 4TH IEEE SOUTHWEST SYMPOSIUM ON IMAGE ANALYSIS ARD

INTERPRETATION, §. 237 - 241) suggests a novel method for

representing encoding wide band images using permutations.
Differentially encoded samples are run-length coded.

VASILACHE A. et al: »Indexing and entropy coding of lattice
code vectors“, . 2001, IEEE INTERNATIONAL CONFERENCE ON
ACOUSTICS, SPEECH, AND SIGNAL PROCESSING PROCEEDINGS, Vol.
1 of & pages 2.605 - 2.608 relates to entropy coding of

AMENDED SHEET
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ntially encoded samples are run- Iength coded. 35 VASILACHE A:
,‘_‘hdexmg and entropy co HBRtige; code vectors”,. 2001, IEEE fzre-
ERNATIONAL CONFERENCE GR-ACOUSTICS, SPEECH, AND 5 ;;20@8991%?%{?
- - SIGNAL PROCESSING PROCEEDINGS, Vol. 1 of 6, pages 2.605 -

2. 606 relates to entropy coding of 1, AMENDED SHEET 13/02/2047' P rn

g 9 On GZESCPA EP2006001294~ Ja~ lattice code vectors. A
combine approach CBRiRing HERRRIRGSHi AG R eeBle (eRgimoding us fnan

sTGEStEd 2k éééf@@eéeméihr@gmdmtmdggmadd thedndeXds vec-
nmmberﬁmbth@ruw\éduakﬁaSm%@e%n%dt%”Qr‘?@ngX&ﬁggps A5 the

fuim{mgﬁopg}}gg the pgsitio the code vector within an individia
cl%§ :ﬁencoded usmgs flxedgréa%e e%nu r%?e%atlve eﬂgoqﬁbtmpy coding. As

CRENBUEH BESPORBRelesdCodrRpdt &Rantioéd Spectralote  vector
d&eﬁ&@ﬁerﬁ@ it MREGiz Avaheed Alxlieastieg | IEEEASSPad rate enu-
WORKSHOR0BLAPRRELIJCATIONS OF SIGNAL PROCESSING TO
AUDIO AND ACOUSTICS) relates to the application of a flexible Huffman

I\p?m E!Hn used in encoding quantized spectral compo- nents.
. uples‘are & 8&e(f815|ng%?ﬁegr%ﬁ?%fﬁ%ﬁ'&%@d@iS%@@k‘QlMe&ﬁectrai
1? tRERRRAARG Bnly- AbsUREE valudsitasasel orhwsile boolkistesage. inthat ASSP

CASBKARIUN bitl forrrachoRQITOIRT O sPeficignt:is ?ﬁ@@ﬁ@%ﬁiz&%t%c‘%‘%ﬁ%xo AND

\@Qj@ggrpg@glpgr@gggggn%o An, Do, and Dm++ Lattice Vec
atizers’; Patrick Raul and ér%rlst%relgéu?lemont fe-Aa Thtgofiut fman

exm ok (%’C%ﬁms LIRPRT aBrGRERRL s (eSS mga&sua}mPOm
m‘gréé’éi’éﬁsT hergectorscatecoraderéndn chssesamnlergineReth -code

15 @@@é{&desmwa‘“s aipmsnb&ii&igneﬂ{';;@ergyggggﬁgf{}yﬁgglpggeggve on
aksaroalecleadyeredrstlng sioned loaders yecrs egues 7
tggztgar}_%’@lgﬂo of%sgn b|t for each non-zero element of a
class-mem BummanF ?ﬁv&rﬂld?pﬁ ISR ot of the present
invention to provide a con-

“Indexing Algorithms for Zn, An, Dn, and Dm++ Lattlce Veac~-

20 tor Quantizers”, Patrick Raul and Christine Guillemont, re-
‘lates to vector lndexzng algorlthms valid for a large class

of lattices used in audlowvzsual signal compression. The
 vectors are ordered in classes, wherein each class is de~
fined as a possible “signed” permutation cf the components

25 of so-called “leader~vectors”. Using un31gned leader~
vectors requires the transmission of a sign bit for each
non-zero element of a class-member.

30 Summary of the invention

It is the object of the present invention to provide a con-

cept for generation and use of & more efficient code to

compress information valuess and to reduce the size of an
35 underlying codebook. \

According to a first aspect of the present invention, this
object is achieved by an encecder for encoding information

2 AMENDED SHEET




ptfor.generation and use of a more efficient code to compress

m_;}ion values and to reducef n 35 underlying codebook. -

According to a first aspect of the presati :

by an encoder for encoding information ~' AMENDED SHEET

1,3'102120°07 j;F rir2t d ,1 | - 20(}7j bESGPAMD = 'rb Ef'2006007294

valpes, comprising. .a grouper for grouping two or mote in- formation.

vagjoes |ﬁt9c'; ap%l%:iﬁsa? Rﬁ)‘le Brdr 8%%6&9? fcﬁﬁ@%@h{@n@mtooformore in-

generan g ShderankfmatiBhana celipbethenuplenigerarg agodewards . 4,

fofheriipleusingns:mtencatting Bdnewhere theepcading rie is such ™~

. . REYEA (o] tion indi-
thatthengame-cadg word is;assigned fo Eucpcs%s having iden !caﬂ?ﬁ -

5 fogﬁagg%gg%eg in different orders; and an ou_tﬁ’ﬁt’“‘iﬂte‘?-oféc'éf?@r tuple using
outguttin%, the code word WRaTR a’%é%cl%ﬂﬁﬁdﬂ*{&ewnh%helsrwch that the
inforMatibRY AMENBEBSSREETIIGH (029260B WO 2006(40846% s i ca1 <n.

- PETHMPRO06/004 29ds 8 Accarding fa:a secanshaspeg] of the present
infentonsais ehiestisagiieved by acgg%od%rg fror decoding a codje"l\%/ofv‘d‘ter -
basgd.opinfor éiogr\éalueé, comprising: an mpu‘flint@ﬁﬁce’ﬁ“pr(ﬁﬁéiﬁglation
the code word and in associAtiorFherewith an or- der information

~ indicating a tuple order, being an order of two or more information values

~ within a tuple of informa- tion values; a code processor for deriving a tuple
using a decoding rule depending on an encoding rule used to create 10
the code word, where the decoding rule is such that differ- ent tuples are
derived from the same code word, the differ- ent tuples having the same
information values in different tuple orders, as indicated by differing order
information; and a degrouper for degrouping the tuples-into two or more
15 information values. ' :

rHTvention, this object is achieved® %0060

AMENDED SHEET
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According to a third aspect of the present invention, this object is

achieved by a method for encoding information values, the method

comprising: grouping two or more infor 20 mation values into a tuple in a
wWaplworeass generating or- der information indicating the tupkeomesine/oo1294

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 25 orders; and outputting

the code word and in association therewith the. order information.

ARSAAHED & PoirtIPaSHEc GftRe PreSéniiRteRFGTIRs bbjERETdon, this

astiiened bysa schpeiedprogran itepleentifg thelStalbiove metheds: word

MA%_HJ @HUQ%%&Q&%%&%Q i %&Q&E@E@@Peﬁhoﬁbﬁ&r e$RBkrface

'”Ve“t!;"ci‘“éh'stﬁgl?géasea%%'?%fgr?g a mefhod for decoding COd\aeJin\"fﬁ:ggn ox-

based on irformation values, the Method comprising: prOV|de§§|ng

Ciffe \?vﬁ@éﬁa*’rﬁ%%sét‘?i%ﬁﬁ%@ﬁévﬁtﬁ"éﬁ%?d@rxﬁ%@?orn)?a‘ﬁidi’gin‘?ﬁbé%ﬁ% of
taple ordemdreing.ad ordercébtwov o weerewifohatien valpées withiniaforma~
tg@&ofﬁg@g@;iog] M@@@%%&\é@g@rtug&ua@giaﬂ@@ow%w@e_ using a
%&é&&i’?%ogu‘ﬁ(? %%%%@8&3483&%’ EP§80 /001294, P .an,gncoding rule.
used to create the code WOrg where the ecodin rule is such that =

diftErerit WipleS e dEMER Fofn HReSamBdiEword, thaGifferant tpIés e
Faving thie ssamag infoematiend values inrdiffersnt taplésordersi astingi 8iffer-
cated bydiieringordey infesmation; amd degeotining the duplesinteiwoseknt
more inforppatian values. Acearding 10.a §iXin-asnect of 1N preSent vz v on ;

invention, this object is achieved by a’computer program implementin

tAB16 a%%%%@%d,f%e%e%ﬁﬁ%i%ﬁ aCBmputRr Acchtiing 1% °F more
seveptmaspest aithegsresent invention, this object is achieved by
encoded data based on informa- tion values, the encoded data comprising

a,codeward fera 15:ple-ofwg.onmoke infarmation.values agranged incp s
tgg%gét is achieved by a method for encoding information
values, the method comprising: grouping two or more infor-
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 informaticon 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
cbiject 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 ftuple 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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ple in a tuple order and an order information indicating the tuple order.
The present invention is based on the finding that an effi- 20 cient code for
encoding information values can be derived, when two or more
Witfsliatigmvalues are grouped in a tuple in a tuple order aRE ERMEKN01294
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 25
formation, indicating the tuple order, is derived and asso- ciated to the
cBHe FFACEBE eftrorsy &5tify GSinG FRFRRark 86de e FVERtive'EsFe the
ceptdescribedalve sarsbeimpleaientedtmere efficiently = 80 dhe sizerofred
af4utiman codgheokdepengs.as welhan the- pumeber of possibleualugs the
ta b coded 5. on.the numberof, joinly coded valugs, dimension ofthe, 5
Huffman (_:ode%poR). In order to reduce the requwedpstoragq space -
nEBHEd t&¥efreSeRt aMUffiiat CodebbORTA ESpecifi MppREAfotTAE 85 isthe
advaaAtspeotistotexploit spmnsetiivg dnttiad probatsilityedistribution of the
data to be coded such that one Huffman codeword represents a whole

sgLatgroyps qfjointly coded _values with %%a'g’ﬁ*%%?@l!tyﬂt}‘grﬁz%%ﬂ', this
group of jointly WO 2006/108463 PCT/EP2006/001294 10 coded values

i®8p&Ced by A Parhiar Péstfix C6AE theh. BRRETRE ofder 6itwo-ord the
nidreWaltes v d tuplesis roteel Spendentemtheteantent represented by
the values, when the values are to a certain degree uncorrelated, equal

PRl ahilities fop different ardess afthe same-values caphe. assumed, s or,
( ince the values are uncorrelated) . Partlc%ggy dand preferably for a

varlaﬁlquﬁﬁﬁ]tcol e, FEATHAR Hal 1@0qi%% code v‘f‘}gr&ﬂsk\:'/\?‘iﬁw@ iffarent’ - O¥ma~
|endths the's8 equal probietsimesiRificre SARMT aSHisllet celidPosRBRdZT 2
effiodientcods;awhen the: tuples withedifferentzorders afthengameivalues tu-
%@@S%Qn%d t%%‘gt?ﬂéie Warl. an order information indicating

the tuple ocrcer.

The present invention is based on the finding that an effi-
cient code for esncoding information wvaluss can be derived,
when two or more information values are grouped in a tuple
in & 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 teo 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 possgsible wvaluegs to be coded as on the number of
jcintly coded wvalues {(dimension cof the Huffman codesbook).
In order to reduce the required storage space neeaded to
represent a Huffman codebook in a specific application, it
is advantageous to explolt symmetries 1in the probability
distributicn ¢f the data to be coded such that one Huffman
codeword represents a whole set of groups of Jjointly coded

values with egual probability. The actual group of jointly
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15 Therefore, in a preferred embodiment of the present inven- tion, the
information values that are to be encoded by a two-dimensional Huffman
encoder are differentially encoded first, resulting in a differential

Wi pregtitation having certain symmetries as explained latefGi/ERGpe6/001294

detail. After 20 that, a number of sylimetry operations are applied to the
differential representation, reducing the number of possi- ble tuples to be
enco egt, thu:ft also reducing the sizg of the re%ljjired'co ebook. 25

S LS

S o ARG ik &ger code

Diﬁ%ren iaIVy encgdinlgsa &i rﬁ)lu%on of Valués,
prbBﬁBiiity distribution will result in a dis- tribution of difference values that

is centered around zero, having a probability distribution that is
Symrﬂal@&ﬂ%ieeo\@lﬁgﬁ@ft%éazﬂﬁ Q«B@?@U{%IY%QQ byt Vgithclggﬁ?ge% Dt ge-
Si Il occur with the same,_probability. The basic principle of entropy
cc%%ﬁlég,léasg f(%%)gﬁﬁ"?plg B F—Trﬁarrl ? f}l‘lansge‘:r%,et a%éf‘ue u§edggg&ée€dowgen the
represtiits &'giveh® probaBiifPdistriBEtsRD HAGIRAROR Valkies B8 doderob-
a$:85 puossitie iboview of Bssigningethésstortest possiblercedealiords toan be
thedefefiation vakiesaeeurringatmest Multkdimensional Huffman .1 a1y
cading follows the same principle.hyt, combines two or mare information _
values I|Ento a tuple,?P:nn”tf d {4103%%00% F;Ln%lgg} [5:%(?’62’00160%12@4(30éJE hav

WhEFRIr & WRGIE HpI& ¢ heftadsvbited With%: 8fhgle- 2Ba8wsraal prob-
Théretdrel eambiiniAg differéhtial encodirg Withtwoo Sadimensisndl an effi-
Huffeein ensodingwields twe typgs efsymime- tiessthatcan beamade s+ he
ofs Ihe fiyst swnmetty dedyes lrom the obseryatiopthat the, probability of

occurrence of the tuple (a, b) is approxi- 10 mately the same as for the

tuple (-a, -b). This corresponds to a point symmetry relative to the origin of

a coBFfIRatE sydtens, WwherEshesifseraioe slentuphd défitestheskxisinven-

and the second:ivafuend adttplexdafines thed-axsel5 Theseethbded by a

5%@8“3@@@&%?%%%@”Hﬁ%@ﬁ@ﬂngwg&&ggtgygmﬁifferentially encoded
first, resulting in a differential representation having
certain symmetries as explained later in more detzil. After
that, & number of symmetry operations are applied to the
differential representation, reducing the number of possi-
ple tuples tec be encoded, thus also reducing the size of
the reguired codebook.

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

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

combines two or more information wvalues into a tuple,
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16

of the coordi 20 nate systems first and third quadrant, when the coordinate
system is defined as explained above. The two symmetries can be :
expleited sucth ¢hatithe size af 1@ Huffmahstodebeok isstegticed. by aa  single
fagtqrof approximately 25 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 in- dicated by an

orflee iféatiation Avdaigigmihforfidtibhrand tednsnite igegherviitinthetwo-
catiewesrditoradlow Horrdeeod 3nisgaantha kecopsucton ofthearigimal symme-
tug@iiélglruq%% dhesign ang fhe arder information. Recalling the above
representation of the tuples within a two-dimensional coordinate system,

both symmetries together 35 can be understood as a 2-dimensional

prBBabikt @ StriswHeRWith léealidaes kitveshsf egbakprodabiiiiedher the
sempbling ovalswittheqfincile exisoptaiad by Side- gicedelatvedpproxi -

the Garfesian cogrdipatessysiem. AMENDED @AEEI%}?*?%%%O%(H@SPDR@S -
Pr'int~d 14/0372 07 ~ DESCPAg/I?eI% EP20mo%}1_tZ941 akln%f%,lse of the

o syiaties, BHI abbroximately She Torth (T quatibart) 8 the goRiistnace
eritties §HhiW AR tobR]IiIRaESSy stehUashd Be EBpéRIAREHUFaMe X-axis -
cades. fhavabiohposthueode determines deuniause mapping betveeen
every pair of values in one of four quadrants and its corresponding - pairs
of values in the remaining three guadrants. Note that for pairs of values
S iARed SRR A A o BHnes (b oiin - SUBRoasits o Bt B
orif Dr taR Sitie 10 ol ihtase st the ot vhlGe S ERIGeRSSTTE doss
bothtborheepines;e. e wplie’ cemtecioittic tistribdtiore dherisventivel . . that
cancepsyilkalso ieduge the sizeekMey probable. This corresponds to
an axis symmetry relative to the bisectors of the coordi-
nate systems first and third guadrant, when the coordinate

‘system is defined as éxplained above.

ang-

. The two symmetries can be exploited suéh,Vthat the zize of
a Huffman codebook is reduced by & factor of approximately
4, meaning that symmetrical tuples are aséigned the same
codeword. The symmetry information, il.e. the order of the
original tuple and the sign of the original tuple, are in-
dicated by an order information and a sign information and
transmitted together with the codeword to allow for decod-
ing and a reconstruction 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 egual probabilities) re-
sembling ovals with the principle axis rotated by 45 de-
grees relative to the Cartesian coordinate system.

AMENDED SHEET

g-the-order in which the two values-in-a-tuple occur does not change thgu e ey
1eprobability of occurrence!2eSHEENE D) and (b, a) are equally ~ ‘EP2006001204

e thanita;
probable. This corresponds to an axis é’"ﬁ'mmetry relative to the bisectors
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' ' for data that is not showing the symme- 15 tries
tluﬁm‘ggdcggii)/gf)ﬁ souc"h data is&acoder, -on the one. hand the size of the:
Hiiffman codebook will be smali;Buton: the-other hgnd the encoded i
representation might not be ide- ally compressed, since values occurring
with different probabilities are represented by the same codeword,
leading 20 to a waste of bit rate since the Huffman_ c_odebook cannot be
tuned to fit the data in an optimal way. Therefore, it is Qreferred that the '

Hidditreental ‘éﬁ@od@dobeﬁqmmmyieg SY UG YaBAPRAMS £SINGE on e
tAe difh 25 Ferantidt eneoding @H@”}%‘%@HM%‘%@SS}{%%%QEC%%E&@HQGccor._

8% invenfive.concept can be use act .
:ﬂQZle?;FF%zdt%ogr? i%‘fgggmg, UHrIan %Eﬁgb%’é’k o EV8R, GRdEying sBrgrbit
inf%rrha%%n?/% Fed itdiedisa alVaRtageSTRIvLIiNghearmisareaty pair
&Esi’fﬁéﬁﬁ@mﬁéﬁoﬁ@ \@meémwdiﬁmm@ﬂaﬂygn@@(angﬁp 'Q@f@‘@é@ﬂnding
das oah ba batanced busipabe symmelrias, Bieldesgration gl e,
drawings 35 F_’Or.@f%%SQW%%%egé%%ﬁ'fe&;fg%’%ﬁ%‘gg&‘ﬂgﬁ”feﬂ?rders.ine,
ci%%n%deg ribed b&(frsefernng to the enclosed dre , . even v
AMENDED SHEET F3/6572849 WWOZ00BTR08453 FTHEP2006/00 e
f@%ﬁi?ﬁsﬁ@w§%§ﬁo@ﬁdﬁkﬁaﬁﬁbtanﬁnmamw@sﬂyxxﬁﬁkﬁ@.@ﬁﬂgwwﬁabor"
p\l%lferlédfe‘mbddimenimfﬂﬂgn&@ﬂt{\&eafc%g; éi@gxgm?_further
preferred embodiment of an inven- tive encoder; Fig 4a shows a first
eration on data to be en- 10 coded; Fig. 4b shows a second

ﬂgm?g}é(g&lVtilaoncoornag%tto Bblen- 8od6Y; 15%IGe5 Stiswsthee of the

symmetry opera )

fiva%oh Sgshvitetderepiedentationt is not showing the symme-

tries described above. If such data is encoded, on the one

hand the size of the Huffman codebook will be small, but on
the other hand the encoded representation might not be ide~
ally compressed, since values occurring with different

probabilities are represented by the same codeword, leading ‘

to a waste of bit rate since the Huffman 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 to assure 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 differentially encoding the information wvalues
can be balanced by using the symmetries.

Brief description of the drawings

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

AMENDED SHEET
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of data; Fig. 6 shows a block diagram of an inventive decoder; 20 Fig. 7
shows a preferred embodiment of an inventive de- coder; Fig. 8 shows a
further preferred embodiment of an inven- tive decoder; and 25 Fig. 9

WEhtws188prsor art multi-channel encoder. Detailed descripti®a DEpRrefeptaeb4

embodiments 30 Fig. 1 shows an ifventive 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
tuptés ofinf I nfatint7aiuds 18880 108 by - thesgrotiper Shthde: /
example shown in Fig. 1, the inventive concept is described by building
tuples cansisting of twodntormation valueseagthti.eoby HEING Aventive en-
two-dimensional Huffman code. WO 2006/108463 PCT/EP2006/001294
14 The tuples 108a to 108c are transferred to the code infor- mation
generator 104, wherein the code information genera- tor implements an
efedding rufdfiat adsighs e sarRsshe B horrP e haviig an  inven-
identical infariwatiemealkies;in dif- ferent orders. Therefore, the tuples
108a and 108c are en- coded into the same code words 110a and 110Db,
whereas the .tuple 108b,is encoded into a different codeword 112. Ac-.
cording To (o onfive SoRcept Bering GFST Tafs 10 toR Tk aRd ="~
114bis gen@?ﬁ@ﬁ‘to preserve the information of the order in which the
information values are grouped inside the tuples 108a and 108c. A
cempinationsabthe ardescinfermation-and the.codewerd gan therefere bg on-
used to re- ¢cq fryct the original tuples 10Ba and 108c, hence the or 15
der information is delivered in association with the code- word by the
output interface. Generally, one may agree on different ordering schemes
résudting in aiffsringtdrdedgcivation of a symmetric representation
of data;

Fig. & shows a block diagram of an inventive decoder;

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 & prior art multi-channel encocder.

Detailed description of preferred embodiments

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

that includes an output interface.

The dinfermation 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 coneisting of two information values each,

i.e. by using a twe-dimensional Huffman code.
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formation bits. In the example shown in Fig. 1, the tup_les are not
reordered when the values within the tuples occur 20 in ascending order,
as it is the case for the tuples 10Ba and 108b. If one further agrees on

WwasHIgfrlagte order infor- mation of O to tuples that have not DEEREP2006/001294

reordered, one re- suits in the ordefinformation values as they have been

as- signed to the codewords in rig. 1. 25 Fig. 2 shows a preferred_
embodiment of the present inven- tion, in which the code information

rator 104 c rises rder encgder 120 a}hndsan entropy_ encodgr
%?%e%ng%v]leerseir? r@é)% e%n%o%rérg 106 farther CohprsEs an DuipiLr inedfacéntor-

194 F 3OPTIREBRIE Ehicotef 128hseroratesithe order informationi bidagdae ra-
114¢ of thel kiptes: indicatingdbetyple.qrslerrand Eansfecs theoder . 4.
inferraation todbeutputintes- fage, 124 At %z%@p%gé'r%%’ t@%f&%%%&zi dif-
enrcoder; 120, rec rg_ersrﬁg}hg information values within the tuples arg .
108c to, derive (t?ﬁe tuples 1764 to 126€ chaRging the GaplaTstdérts a
p‘r:ecjée&flcf‘lemﬁﬁleﬁaeﬁ‘?ﬁ‘@ prédEineatplelofter defin WO00GEA8463 the
PEHEP2006/001294nt5deg a encodingiomiesafinforaation valuesfor ..
grupso e havinndpicd lomedon vl T ordga ¢ .,
. J0r tuples v .
e T b S i 558 OF ckERRGRGHE peRfon GPm= o
ir?fgjrmé‘t?on%%ﬁj%s Wit e tupfes AfeF eaeRsiep, itls bheekethe grouped
wiEthERtHere existsem aRty imthe codehook abihelerger ;encader far theye
ghrerouple bderafisis thevgasabe dO/eorlarina.can be sipppedand. .
-~ ated. If no [ €
L%tirlgﬁ?egi%%gv% ?s% 1%5;1%%gl lr:rsgggr%%? ir%%‘?er%aﬁgﬁ? C%R ?ﬁén,%?‘éi-_ the or-
ample, Be detivet Fomthé Ftmilserst exehanges hecessary tondetive thede-
ord. $ifilafipiietcoirdct tdplesordéenerally, one may agree on
different ordering schemes resulting in differing order in-
formation 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 168&h. If one further agrees on assigning a order infor-
mation of 0 to tuples that have not'been recrdered, one re-
sults in the order information values as they have been ags-
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 1lld4c of the tuples {indicating the tuple crder; and
transfers the order information to the output inter-
face 124. At the same time, the order encoder 120 recorders
the information values within the tuples 108a to 108c to
derive the tuples 126z to 126c changing the tuple order to
a predefined tuple order, the predefined tuple order defin-



15 could be rearranged using the order information on a de- coder side.
The entropy coder encodes the tuples 126a to 126c¢ to derive the code
words lI0a, 110b, and 112 and transfers these code 20 words to the

weurpnatiseace 124. The output interface finally outputs the’Caderorgde: 294
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ll0a, 110b, and 112 and in associatibn therewith the order infor- mation
114ato li4c. 25 Fig. 3 shows another preferred embodiment of the present
inyention, wherein the cogg mforr;natjjltﬁ%?enerator further comprises a

I°F 2 Yo Indicatiitq a'sign ¢roups of

.1ln a1, 8 i8] Cx jon 8
sign Bncdder : flor‘%lerlvmg a sign _
coriBihafioh®f the infofnatien val-r30 wes Within tRé @gsle. The inventive
encoder shown in Fig. 3 makes also use of the second symmetry,
aspigning:thessamecode Words: todiples) haying iformationvalugs of ;g o o
53106 ahsojyte value and n the 35 same order regarding ther absofie. -
values. Therefore, the' sign encodar 130 derivés'a’Sign information £324°5°
toAHIL" foiedth SFthENTH8E 4323 16118348 mdickting the Sigh oinffrrmation
vataesadthinitheituplese Thasign. erfebder 18@ simudtaebPrrntd is checked,
14/93¥260 7t hESCRAMBLEF2006001294;- negusly. changes the signs of g -
thejnformation valyies &VARF‘é%t*%%i.t%pé?%%%Q%f'Y%9.%‘?‘3‘5“9%‘1&%%” case, the
combination, defin- mg? an enco qig sign combination 161 édch ordero
aBSSIGHE ValtesRithin SthE YEBRS Fe 2f6F tihiEs aRf&FingGily 7R the gener-
sighs@f thefinfophaticr ealwés: Rhersigednformation 182a¢t@tkE3Pcpistil the
additienaltytrans-femed.tothe outipulrintariacend244hat-algso¥eeeivesor ex-
or, li@forgéat@@r@[g@dthg Qrder encoder 120 and the, code words 10 from
thg%gntropy ncoder 122. 'IJ':he outputl?nte%f%%e%ft %ﬁa%é (E)'\Sli(;léa the code ko

words-&hd il HesGEaTSH irerewitt thé Torder infoTm&0r 8Ad thEv§igR  order
inforAidtioRs Fife 4 shovest howithe sidreinforgsation tapdye derivecbby a de-

coder side.

The entropy coder encodes the tuples 126a to 126c to derive
the code words 110a, 110b, and 112 and transfers thesz code

words to the cutput interface 124.

The output interface finally cutputs the code words 1ila,
110b, and 112 and in asscciation therewith the order infor-

mation 1l4a 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 thelr absolute values. Therefore, the
sign encoder 130 derives a sign information 132a to 132¢
for each of the tuples 134a to 134c, indicating the sign of
the values within the tuples. The sign encoder 130 simulta-



14 :
g T8 “the possible values of a tuple (a7

10 .

15

20

15 the sign encoder 130 and how the symmetry regarding the signs can
sed to reduce the size of a%g
[3),

X, in the values for a are shown on the X-axis and the values
g?tt;n;’rév ZEL?/\I/E on the Y-axis. The values_ for a a_md b are_symmetrlzed
around zero (for example by a previou_s c_ilfferent_lal encoding) and are
rahging HonFhe i 2 aehe 2§ﬂmésmaﬁl>¢BeshDMT¢g:ﬁ&£ﬁ%§1%f@?within
coibirtatishssof tthedearameter yalugs £ b Slfgﬁcaé%%i%lggg_ag P|T :18 Sefin-
axiﬁgi.&ﬁ\ irég,iggg@géh% §&Hi% tfe r{lagrlllx, gvhere thea ;9@;5 A e
+h)gauals, zefa. The figure further SHoWs 3setdh , ‘
th é?%erené‘e“o g'ar?aeb YRS edudts &Ry Aswakeise se€fetheriveonly in
ak88 15098 ofs £ Bvide i mrttipintodaueguadrants labeled with num;]I
bers 1 to 4. 35 The first symmetry, assuming that a combination (a, b) an

areeMbination; (-a .- ly probable, is equal to a point symmetry
tgthe @?g %Om&i%ﬁﬁaﬁgﬁ?ﬁ%%nw% orﬁ%-%c, - gl\ﬁ ElﬂﬁéBtSP@:fﬁyltrans-
3/,02/ %4{%&%@)&1 IE&}-OSVQIQ?L r 124 CHEDSERAMRCceives order
53656001994 Ifiyarbitrarp ewtte 15662, - 200 A84bHRel) Q5 40E Lo ras
AR SAR imventiveyenensatsamresuoedbe size,fa E%glgk%rgarﬁ%t'jyﬂ“%%en
codaiDDKDY+h ACtr Lf aQBMmgk%y 0y Q%rsfc%rg‘ﬁ'ﬂ Ig_‘i’Fé f)i/FQQﬁ%Efi Bt the

e third gua

Queyation, mirroring the entries of the 3 int U
and E%Pe gﬁ?}uiéémgftt %nfd-’luzﬁt:{u Esf}ﬁdrsdrﬁ% %ﬁe%é&@n&qaadrant. Such, the
codebook entries of the third and forth quadrant can be saved, when

Fig. 4a shows, how the sign information can be derived by
the sign encoder 130 and how the symmetry regarding the
signs can be used to reduce the size of a required Huffman
codebook. o

‘Shown. are the possible wvalues of & tuple ({(a, b}, graphi-
cally represented by & matrix, wherein the values for a are
shown on the X-axis and the values for b aré shown on the

 Y-axis. The values for a and b are Symmetrized around zere

25

30

{(for example by a previous differential encoding) and are
ranging from —4 to 4 each,

The matrix ig showing all the 81 possible combinations of
the parameter wvalues @ and b. Indicated is also & first
axis 150, indicating the entries of the matrix, where the
sum of a and b (a + b) eguals zere., The figuré'further
shows a second axis 152, where the difference of & 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, k) and
& combination (-a, -b) are equally probable, is egual to a

- point symmetry to the origin, whieh is explicitly shown for
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10 the sign encoder 130 additionally indicates by the sign in- formation
A ning:2&ig. 4b shows, how the o e o
o= vgacond symmetry can be madetseiot.ny e order coder 120 to reduce {EP20068001294
L the size of the Huffman 15, codebook E%y another factor of approximately ~ T
2. The second symmetry, meaning that tuples (a, b) and (b, a) are equally
probable, is equal to a mirroring of the remaining ma- trix entries at the
Y52 rphistayr exdmplesshbisefon tbetwp matex eslies 156aand: . .
156t rshowing the mirroring 20 of the tuple (0, 2) to the'tuple (2,0).
Therefore, by as- signing the same"code words to corresponding entries
of the .second and of the first quadrant, one can save another fac- tor of 2
ir the tBUBBOOR Siz&RFREBFdeF 8BderaRederivts the orleinfosmation i rea
5 tdipFederve deadrfornation ﬁwlﬁeﬂsl@e@ﬁwhea@{ggygglitzgg{ge\ygs jrqgg, tB% fiest.
Oﬁ-ﬂ@miheém@@@'yqU@Q@Et@éﬂl!,us%atggogyiggs' qan n4b’ an £ th
inventive ence {'n-t%orggéatfifrggra sign encoder nd-an or%eFEﬁSSde? i e
}e_n#ows that 30 only one outof fotir GuilAte hasibhebsveaibies of the

Uthhar cBHBSL Aot hstie esae demmaines a.urigud mappingodebook
bRAkERBVRR) phie of Maltesdnonenfihe dowatuadrants, angd itSave 4, when

10 conespoodingnpaia ©f vakiesdadhe {emainipg three guadrants, Note that
- Teopaiss ohyalues sityated on either 35 %gdrénﬁg%egﬁng}%hg%osf poias
* -code consists of one bit on@ or can evertbe Bﬁﬁl]t@d‘ﬁ?ﬁa%%%ﬂife pair of
values situated on both borderlines, i.e. at the center of the ma- trix.

ANMENGEDSEST 1o8/02/2009: kb D3:300% 4dyER200600129 18 of
(Qtearnversiaizy-allondrg teosymamelyoperations shown in-Figs, 4a and _ .

15 %d@ﬁ@@l@%ﬁ?r%@%g}regé%%ro({p a@% tg% %'éifx‘;é’?'eufﬁ -Ig . The seéond
symmetlry, meaning that tuples {a, b} and (b, ai are équally
probable, is equal to a mirroring of the remaining ma-

- trix entries at the axis 152. This is for example shown for
the two matrix entrigs 156a and 156b, showing the mirroring

20 of the tuple (0, 2) to the tuple (Z,0). Therefore, by as-
signing the same code words to correspondiﬁg entries of the

phich quadrant the tuple WRS:
1 £k fq 10)

sacgond and of the Ffirst Quadrant, one can save another fac-
tor of 2 in‘the codebook size. The order coder 120 derives
the order info;mation Lo preserve the information, whéther:

25 the originzl tuple was from the first or f&om the second
guadrant., '

As illustrated by Figs. 4a and 4b, an inventive encoder in-
corporating a sign encoder and an order encoder allows that

30 only one out of four quadrants has to be coverasd by Buffman
codes. A two-bit postfix code determines a unique mapping
between every pair of values in one of the four guadrants
and its corresponding pair of values in the remaining three
quadrants. Note that for pairs of values gituated on either

35 guadrant borderline, . the postfix code consists of one bit
only or can even be omitted in case ¢f the pair of values
situated on both borderlines, i.e. at the center of the ma-
trix. .
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the remaining quadrant into a quadratic matrix for practi 5 cal reasons,

. 16-03-2007 since running an algorithm on a quadratic rep- resentation is much more
v convenient. A mapping strategy incorporated by one embodiment of the EF2006001294

) present invention is shown in Fig. 5. The griginal matrix 10 with the first

) guadrant to be mapped to a quadratic ma trix 160 is shown to the left. The
guadratic matrix 160 also has parameter values for parameter a on the
v X-axis and parameter values for parameter b on the Y-axis. The reor-
%$|ﬂ‘?rﬂ id Fidic&RdY in the 15 drawing,

18reSACH Bf TPk 8leriemBes Atdrkad wittparnukiguigsnbers itisd 4b,

toie AStedYehdttuplesawhose infet faatoN HARIESSWN IR BALVEN vaiues in
numberr-ar isiee el js. truefor all light aded matrix elgrq_ent§ )

5 Oofthe first ggggragtl are r%ordered to the %c%v%gﬁ%e tlscfdén o ﬁ11equj"§d“ 26 racti-

ratic matrix 160, whereas tuplesHEifg odd s BRinfer- mattseivakies rep-

(UnEhBREE TtEMehts)ire T eBrdered s Tha UpR ber right side of the matrix

160, being unshaded in Figure 5. 25 After the above mapping process,

e tupipsindeHutimagyencadedare.given i quadralig representation .,

apddhs,are easy.to handle. Fig. “(rinshor\{vs& bloc dlag%gm of an inventive ™
1o decoder for 30 decoding code words that are’baged R nfSim&idiet matrix

values. ﬁ‘%% dB&58&r SBPESMRRseCaniRpHABRFRACE 202, apdiratic ma-

pF3CessdP 204 sandrdegrdgpet 266. TRgtinptiinteface 2021 proviges: » 160

cedleavards ai@earaaoazamazagagngcaﬁsgﬁkaéﬁgééﬂhgr%it@%d%axs.s _and

ifaraation 214a, 2440 216, ansferred tq,the code

;;g% 5 @04%!\/%%0? %qsé%ﬁ%?%r%gd%mfp%lfcg‘ézq’bﬁéti'Aﬁhe reor-

= P%&‘%Oﬁbh“ﬁ% codfe FIBRESIF derives Hibis o infefhansedalin the
15 REMTRE 2 18hSRRd=EE 9Sing Red@ediing relésmvhete the marked with a

unigue number. It is to be noted, that tuples whose infor-

dering following the mapping alb
priel

mation values sum to an even number {a+b is even, which is
true for all lightly shaded matrix elements of the first
quadrant] are reordered to the lower leff side of the guad-

20 ratic matrix 160, whereas tuples having odd sums of infor-
mation values (unshaded elements) are. reordered to the up-
per right side of the matrix 160, being unshaded in Figure
5.

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

Fig. 6 shows a block diagram of an inventive decoder for
30 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

35 therewith order information 214a, 214b and 216, both are
ransferred to the code processor 204.
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decoding rule is such, that different tuples are deriyed ’fror_n the same
word, the different tuples by | ng: the:! same mformatlon vqlues in .
iffererit tuple orders, as indi- catetliy a Ee‘rlng ordgr information.
Therefore, the differing tuples 218a, and 218c are de_rlved from the same
code words 210a and 220b, since having asso- 10 ciated different order -
infermation.214a and 214b. The tu pies of information values 218a to

218C ar& 1ih dRYRSAREP By HetdctRBupEERbB0 Wéld thefinfommtation  val-
valties 2092 Fig 1B showsa [retesregsinventivediacadstgvhereln the15.. the
Gocopprass. The enttops deoider 229 Aeegne thg SRRaRte derived

224 ntro e , 3

ngg’gggff?emeg %%‘(?e e 210 2188 arfti 212 16 ikplé RRéR %0 RAEEAQO the
résPaetvEho TR tlprsElsien 226¢ARE Fansterabiatherardes desader s —

228%Ret AlBogedsifés thegssacialing ngwstendrfosmation. The order
decoder 224 derives the infor--mation values modifying the tuples 226a to

‘ indi - i ion, The derived final tu 25 plea
22p¢asindi- ca}g% by the order information, The

228a t0 228¢ aré thert transferfed tofh ed;egfr?)ﬁ@peﬁ?@G,&ﬁﬁFdé@@u@grived
thé YOhIES 22835 2986% tende Mtlafornritidhmluesid?e. HHgily asso-

sﬁ%%ﬁﬁéﬁmmwmdimm@mmemgg %gie@ggggogﬁe fu-
where the codeqrasessay 2041fyrtber includes %Lsé%n g,%%o%%%%?’% Tqr%uped ,
ipputinterace, by *isgtes;,? ec|den,t|cgaldcog§_3 words 2323 to 232¢, $i§ oo

i%mation bits Zl%éila to gjfc 8nd ™35 OraSFintOTRAA T Bits 2364 46 23820 .
The entropy de coder 222 decodes the three identical code words 232a to
23% info thfseiitlerticaltagles:288a ta 0ast: which asedben transterred e
todtie sirodecader 280 AMENDRED SE‘:EEJnQ‘r.Yogy 1%%@3@@9:f 2%0 and an
206/108463 L TLER2006(001294 | -

The entropy decoder 222 assigns, using a Huffman codebook,
the code words 210a, 210b, and 212 to tuple 226a to 226c,
respectively. The ttples‘226a to 226c are transferred to

the order decoder 224 that alsc receives the assoclating
crder information. The order decoder 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
& 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 de-
coder 222 decodes the three identical code words 232z to
232c into three identical tuples 238a to 238c, which are
then transferred to the sign decoder 230,
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20 The sign decoder 230 additionally receives the sign infor- mation 234a

to 234c and modifies the tuples 23Ba to 238c, as indicated by the sign

information 234a to 234c, to de- rive the tuples 240a to 240c, that are now
WeaRAhg! I¥GPMs- 5 tion values with correct signs. The tuples PA0ER2H RGO 294

are transferred to the order de- cod#t 224, that additionally receives the

order informa- tion 236a to 236¢, and that alters the order of information

10 values within the tuples 204a to 240c to receive the cor- rectly ordered

tupiss S48 19898 TNé TiplBS SH2aT04dt BFETeTtrafbfereto thefor-
degrouper 2B6z thiat d@Avdes ted inforhatiens valbes 22olssdégiaping thesc,
tuplesiZddacto: 2426y 15 Adthough the preferredeembodiments piinyentive de-

ncqders, shawn in the figures 2 apd 3 propose  that the orderens coder. .

e
120 and thg sign encoder ,1,30 retrieve the order or sign information and
d& SRRUVAEGTSIY Biter 858 fisiés St 8B3s alternatively possible that the

sign encoder and the or- der encoder retrieve the order and sign
inferenatiop withauto altering:theduples. A thiifafar Gatlebook has tarber de-

degigaed %%E t%éh%t%uﬁ?@owgazﬁ' fﬁi&%ﬁﬁ%@“@%@%a@&mﬁ@%%a—
are assi es code wards. ough the preferred. e
eﬁlb%%ir%g%fas sﬁfo\gg ?ictheaﬁé\llj?ce%age-atg{lﬁﬁg c%rr"]%eﬁp 6f ﬁ1e%|re"‘"s%%?rmadon
inveAHEH by tisiHg tvidisdirmensfohaf Ritdniah codebobRs AReSAVENtReE =07~
ideacof using groapeduralees andanakingdise. offtheirsymeetiddg ganc 242¢
al&ﬁ@%?%ﬁom%ﬁ%%aﬁ%eftf@h@%ea%sgsgg@g @Eﬁ}g%@@p@eﬁﬁws the
with Huffman codebaoks of higher dimensjans, i.e. ing.tuples in
m%)rrléﬂl_'(f) rﬁrgrargéﬁ(r)ln \)@ﬁ%gg ?hézn ?Wg? yFig%%fgoélr?cf 4B sf%‘vs ag\svlfaryp/it%sdg\%véeg £o
th%‘lgy"mmetry informa 35 tion used to allow for a smaller Huffman

codebook. In a first step the third and forth quadrant of a given matrix
Although the preferred embodiments of inventive encoders
shown 1in the figures 2 and 3 propese, that the order en-
coder 120 and the sign esncoder 130 retrieve the order or
sign 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.

Blthough 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, 1.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 guadrant of a given matrix
is mapped to the first and second gquadrant. It is alterna-

tively also possible to map other combinations of twe
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is mapped to the first and second quadrant. It is alterna- tively also
{ble to map other combinatinps:af:two:f2rinted 14/06 2007
ESEPAMI? EP2'006001294 Eg%_ _m@:huadrants to the remaining

two quadrants, as long as the symmetry information is preserved such

that the mapping can be reversed. The same is also true for the sec- ond
symmetry operation shown in Fig. 4b. 5 Fig. 5 shows a way of mapping
o%@lcﬁiﬁ%ﬁéﬁﬁaf SRRERRINS atquathaticrratricallowingty desstbaRs, as
cédeboek of ne- dyeetksize. ThisoRaRPiNKHIS:aN %@g@@,@& i Ieuia,t the

PRSS mapRpPiRg s herein the mappings only have to be
sg;btég{%the aregunggfgfﬁg&é/égfgg rg\?g}%eg.ngggﬁd}i%@“ﬁn E8airhe sec-
implernentationreduiremerts of i - 2nfive méfeds, the inventive
methods can be implemented in hardware or in software. The
iMptemeéntetionscan be pes ASfoppeddisng afigi rage mediym,. in , _.
signals stared th? eon, which coopetate with a progranimaoeeBemputs re-
system stich that theSinVERIR/E etifoda@HF8ie it Geraratiy.theossi -
ﬁ%@eﬁﬁﬁ?éﬁﬁorﬁ%?ﬁﬁ‘@réforefmﬂemmﬁempmgm@spraggg Wit to be
regharnheode: sioyed pa arrmackingfeadablecarrigt,dbg program code: |
being operative -for performing the inventive methods when the computer

5 -&ggrlrh%rogucgr% s on a,corEputer. In other words, the inven- tive _
methods are, theretore: & comBaBPHIS G hat g a DEsafanicddes in-
for Hetbtmiti 8Crast sl ofinEsntdmenatdibdds when Be coippeiesnt ed
proghamcmiscoroa compatte: Wilbide thenboregginashasdieanparticylagly o,

.. Shawsdand slengcrivedwithyreieren artj r embodiments thereof,
R Pef culdr

itwill nderstoad, by, those skilled in the art't

A es N o i AT ey BETHARE RO dEpERRRY Romans o1
Spit and SoPehelEsT RIS toie CRdErReBEd e vativsThangesanaybl e
5@mﬁgggm1§§§§@m such that the inventive methods are per-
formed. Generally, the present invention is, therefore, =a
computer program product with a program code étcred 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-
t;ve methods are, therefore, a computer brogram having =
program code for performing at least one of the. inventive
methods when the computer program runs on a éomputer.

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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ing to different embodiments without departing from the 35 broader
jts disclosed herein and CQ ,U'%ed by the claims that follow. .

T0AMENDED SHEET 13/02/20: W 15, 14/03~20.}'7i . GLMSPAMD
zEP2006001294 CLAIMS 1. Encoder for encoding information values,
comprising: 5 a differential encoder for differential encoding of input
values to obtain a differentially encoded representation of the input values
asRBRtion values; 10 a grouper for grouping two or more information
values into a tuple in a tuple order; a code information generator for
generating ©sdr infermatien, indicat r nd a code word ,

15 for the tuple using anégﬁr%%%ﬁu%gfv%%%%ﬁfe%oﬁﬁg FulE TERGEF 1Y
that the same code word is assigned to different tuples having the same
informaftioM V&GS §R Hifferentbrdsiemand ewherdirf fire-@mcoding aedfiing of
(iples bayingdioriatoh values £ Same AR is Johis o oo g STeoded
order ggf?{_ligg;by the sign of each irﬁo:rr%eg |o%‘vallﬁae\iiﬁetﬁe fliple; FhC3E gt ion
sign encoder to derive a sign information indicating a sign combination of

the information values within the tuple; and an output interface for
outputtingetheugtie iond ancbinp 30asseeiation herewiththe-gdet or vaiues
informatiere and4he1signdnformation. 2..5acader in accordance with claim

1, in which the code information generator includes an order encoder for

35 deerin%the order information and an entropy encoder for deriving the
code%ﬁndlﬁﬁigaﬁﬁﬁﬁ%ﬁﬁ&%ﬁ&t generator for generating order
- information indicating 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 different- tuples having ' the Same
information values in different orders and wherein the
encoding rule is furthermore such, that the same code
word is assigned to different tuplies haﬁing information
values of same absolute value 'in  the same érder
differing by the sign of each information value in the
tuple; and

& sign encoder to derive a sign information indicating
& slgn combination of the information values within the
tuple; and

an ocutput interface for outputting the code word and in
association therewith the order information and the
sign information.

2. Encoder in accordance with claim 1, in which the code
information generator includes an order encoder for
deriving 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.
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tuples having identical i
hne e code word. AMENDELY S¥IBEAME:
141031200?' "GLMSPAMD 'E 2006001294 23 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 orderto a5

predefined tuple order for the tuple, the predefined tuple order defining an
eneoding prdge of information values f Q:%roggg B{.t%)léﬁrpawggclgen%%al order
information vglues and in which the order encoder is_ operative to detec

and encode s devidfiorr i the tpfe 10 orG8FaRd theendbdingTrEér anga tues
in whicH'thehémtrofy*8ncderis hdving alvedaeed tbedeliogh assignitgra” to  a
code werdetafipleschaving] infasmasion yaldes pedereg inthe@eoditgge £ i ned
order. % dofrocodards ageardangs wiih claimeh nvhich e e pco s o
encode(rlaslggeratl\r/f to reord%r the information vaﬁ,!es within the tup.e’byt. ‘1
exchanging & first infofmati®h “Viitie with a secuPmforaiih faluet 3Rt ica
5. Encotfef it Bedoreianceawit Tlaffd, ipwhibh the $iga encdder iencoder is
operativectreltange the signeof thadnfenmatien yaluas withihtheduplestorupi e
changec: 5rsigneoRination i apredafined sigh combination, the

predefined sign combination defining an -encoding sign combination for

grmatien-values in different orders to ;-

- an order of information values within the tuple differing only in the .

20

30

35

individua? sighs'6ithe fforRaficiPRalue3n 8AEBO thescolié TrfbemationTeduced
generaterdshaving arseripopy @ncadercthiz entwopyt encoderthaiag a having
reduced:codeRa@kon values ordered in the encoding order.

- 4. Encoder in accordance with claim 3, in which the order

-encoder is operative to reorder the information values
within the tuple by exchanging a first information
‘value with a second information value.

5. Encoder in accordance with claim 4, in which

the sign encoder is o&perative o change the signs of
the information values within the tupie to change a
sign combination te a predefined sign combination, fthe
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
encoder, the entropy encoeder having a reduced codebook,
assigning the same code word to each tuple having the
same order of absolute values of information values.

6. Encoder in accordance with claim 5, 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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BSE 'mmg the same code word te.each: {u% -having the same order of = -
Mertfte values of information vgf&%s DEncoder in accordance with |
claim 5, in which the sign encoder is op@r‘%tlve to change the sign of a
first and of a second information value within a tuple. AMENDED SHEET
1310212007 P:rmte i 14703/2007 CLMSPAMD' P2006001294 2-4 7..
Encoder in accordance with claims 1 to 6, in which the differentially

encoded, ‘l%%ﬁé‘?‘:mﬂﬁo%&ér%%e”m%ﬁ“Qi%%gpﬂt AlUeS i nich the

nco er In accordan

differentially 5 encogded in time or'in fre uen
with claﬁfs‘f ¥ 9 Rhich the |‘?‘|’?&‘Pf?§l%on valfELESHPBRSE frifbFmatior: &
values descrithsg bdftame of alvidédmsignahordn awdidbut@ signaf@rentially

5 Encodelgii-ageerdance iwithcaims ta@;dmwdich the information

10

15

20

30

35

values comprise BCC parameters describing a spatial correlation
between a first and a second audio 15 channel.and in which the BCC

PafameftE A& ThoBer ASRT ARABIGICWING ISLERBEClpdrambters? which the
inter-chamrs! wohietarce (ICE}udster-chanmeliewel diffordnemlCLB), 20values
inter-chawnel time sifferencer@ed D)o intes-chanwebphase differepee: RD) audio
10. Encder imaccordance with claims .1 to 9, in. which the encoding rule

is such, that an encoding of information 25 values results in a sequence

of code words having different lengths. 11. Decoder for decoding a code

woPd baBeasHER o ARARC vaREES coriphisinte B0santinpat ifterfacerfoich the
providingrihe moseiwardrandén assosiation hecewitt anordesinfysaiinng

indicating,@tjal correlation between a first and a second audio
channel. and in which the BCC_Paxameters are chosen from

the following list of BCC paramsters:

inter-channel coherence (ICC),
inter-channel level differencé_(ICLD),
inter-channel time difference (ICTD},
inter-channel phase difference {(IPD).

llO. Encoder in accordance with claims 1 to 2, in . which the
encoding rule is such, that an encoding of information
values results in a seguence of code words having

different lengths.

11. 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 wvalues and in
further association a sign information, indicating a
sign combination for the information values within a

tuple;
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tuple-arder, being an order of twp-gr-mare.dnformation values within a
@ﬁinformation values and i-=3& association a sign -

G cen e e MR

;: | |F1formation, indicating a sign combinatioa¥or the information values
v within a tuple; 3 AMENDED SHEET 131021200.x" ,Panted 14/031,200 Lt
PAID", EP200600.1294 ~Y ~.. .. ..... ,N..v,sv.YV. ... .. 125 acode

processor f%&gg” ing. & Wplg using agdeqoding i dependiag 08 all yacoding

encoding rule used to create the code word, where the decodingrule is

such, that Hffefematpleichatingthe SRR HIGMTAtTGH JHIGSS ih® create the
differentwrders arerderiveth&om thehsameecodii nord ragsocidted guch,  that

different prdecinformatigmand different tuplesshaving ifermatiapyaligsues in

5 Of same ahspllle yaus. i ihe sate qrdet glferiagly 808 gheachge wora
information va%e In the tuple are derived from the 10 same code word
associaeBRFdfERén g ifforhalibn S raRd o WiferBRfd Pedugr fort ferent
differenttalbesdingvditie Lmformetiotovaluas te obtdin sadifferirmiallyyte value
decoded; ;15 @mesgg@gonﬁ&l&inf@@@@@y@lue@ 12;}{@3ch@§;1}1 of each
accordapge HHiRCIalm L9 Wichine gade. plagessaldnaldas 8 atron  che
entropy decoder for eriving a preliminary tuple using a CO%%?EOK : ,

O assigning®@ch c6tiéifuord YO R prelfifigR ok anddn or déccey  Sten
for derivingttherapleeby reordleeing 25 the information values within the :
preliminary tu-ple as indicated by the order information. 13. Decoder in
accordapcg with.claim 1.2, inywhichthe qrder ;decoder is 9perliNgd@ng of the
reorder the information values 30 of thegprellmlnary Eu}g%eeggfgchﬁ%m%gcodéd

first inforMatioRVAIGE witft HS&tohd intSrmiationvalue. - e
it . representation of the information values.

12. Decoder in accordance with claim 11, in which the code

‘processor includes

20 an entropy decoder for deriving a preliminary tuple
using a codebook assigning each code-word  to a

preliminary tuple; and

an order decoder for deriving the tuple by reordering
25 the information wvalues within the preliminary tuple as

indicated by the order information.

13. Decoder in accordance with claim 12, in which the order
decoder is operative fo reordsr the information values

30 of the preliminary tuple by exchanging a first
information value with a3 second information value. '

14. Decoder in accordance with claim 13, in which
35 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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14. Decoder in accordance with claim 13, in which 35 the code processor
her comprising a sign decoder-to-derive the tuple from the .

the preliminary tuple as indicated by the ign information. 4f AMENDED
SHEET 13102/2007:". Printed 14Zt?312007:" GCMSPAMD' ‘
EP200B00'12941 2 6" 15. Decoder in accordance with claim 14, in which .

the sign decoder is operative to change the signs of each information

valtie withipdhe prelinminasy i 5 egqder in.gccordance,with .
claims 4401519, ini\%/hicgl j%é?{%ﬁ dégg(g?ergg%h%régj\/e, 0 cﬁaﬁé:é'thé’e sign
sign of.a{irst and of a SEcord ntrmafion GaRRSFithiPhe pidliffina®f each
tuple. 617" BRtOURr T AbBoFtReé Wit elaims Lok, inwieh the
differentially decoded representation of the information values is
differentialyidecoded dn dimei ok 4a frequency, 15 18. Decoder.jn. | .
accor@q&cegyi&lpl claims ?1elrtoi17c,i%n v%r%l%% t%%%ﬁ"fg?m%eor? %I&gé m which
comprise information values desCASiRG 2-fameof ABES sightl oiam of a
audio “signal. 20°19. Decldef Araschrdambewitt thaim $3 1048 i wHhieh ¢ he
the irﬂEﬁ%&W@ﬁMe@Wprise BCC parameters describing a spatial
correlation between a first and a second audio channel and in which the

BCC Barameters gre, 25 the following list of BCC _
RS & CTL MBS cHahnkPlevkFdifféfenes ch

para rs: inter-channel coherence
UCL3¥%§ dﬁ%ferenblaiiy decoded representation of the

i

Information values is differentially decoded in time or
in frequency.

18. Decoder in-acqo;dance,with claims 11 to 17{ in which -
the information values comprise informatién values

describing a frame of a video signal or an audio
signal, '

- 19. Decoder in accordance with claim 11 tao 18, 4in whiCh(thn

information values comprise BCC parameters describing a
spatial correlation between a first and & second audio
channel and in which the BCC Parameters are chosen from
the following list of Bec parameters:

inter-channel coherence (rcgy,
inter-channel level differencs (IZLD),
inter-channel time difference (ICTD),
inter-channel bhase difference (IPD).

20. B method for encoding information values, the method

comprising:

dlffexentialiy encoding of input valuez ¢to obtain a
differentially encoded teépresentation of the input
values as the information values;

AMENDED SHEET
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inter-channel time difference (ICTD), 30 inter-channel phase difference
353-20. A method for encoding:infermation values, the method

G260

corprising: 35 differentially encotiftPbfiMibdit values to obtain a fEPE}.)DSOOTzQ&L‘
) differentially encoded representation of th input values as the A e e
information values; AMENDED SHEET tIQ?12007 APrmted 14/03!240,7;

LMSPAMD. EP200640"1294! 27 grouping two or more information values

into a tuplenp iaple order; generating-grder infarmation indicating the ,

tuple Saorggggg,ér@gaggg sign information indicatinrggaigérg}qo %%g % tuple fm '

information values within the tuple; 10 generating a code word for the

tuple using. an encoding rule, where the encoding rule is such that the

same GOUEWBIdWassigived to différemanples havingithe: SAAE the tuplie
> informatiotazalues in different orders and wherein the encoding rule is

furthermore such that the same 15 code word is assigned to different

tuplesag%\ﬁigg zinformation values of same absolute value in the same :
order differing b e SIgHdf SAHPTTG&on adicah ihe tuplesiamd 20¢ the
outputtiitf oY@ Br@sinvessbtimtivhehergwiith; the order

information and the sign information. 21. A method for decoding code
10 words based oniinformatigh.values, thg method comprising: 25 providing
the cogde yyord gnd'in association therewith an oF&e%ﬁfo?ﬁ%?i%n?ﬁdiE&tﬁﬁilng
" atuple order, being an ‘order of WO dtnorBififorhfatisH Faluekatithirhe  same-

tuple SPforh3tion valuesahanAdurtier dédutiatiorta signi3® having the
inform&&8A, indicatingta signeombination dartherent orders and wherein
the encodéﬁg rule is furthermore such that the  same

15 che ‘word  is  assigned to different tuples héving
information values of same absclute valué in the same

order differing by the sign of each information value

-in the tuple ; and

20 outputting the code word and in association therewith
the order information and the sign inférmation.

21. A method for decoding code words based on information
values, the method comprising: .
25 '
rprov1d1ng 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 in further association a sign
30 info i indi i i |
rmation, indicating a 8ign  combination for the
information values within a tuple;

deriving a tuple using a decoding rule depending on an

) encoding rule used to create the code word, where the
35 decoding rule is such, that different tuples having the
same information values in different orders are derived

from the same code word associated by different order
information and different tuples having information

AMENDED SHEET
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information values within a tuple; deriving a tuple using a decoding rule _
g erioereate the code word, where the-.....-

ling on an encoding ruleﬁt; erio.Trea
=35 décoding rule is such, that différent-fpIEs having the same informatioifg%_
the same code word

- values'in different orders are derived frd
associated by different order information and different tuples having
information AMENDED SHEET 13k42/2007"! . nted 14%03/20071 Gl t
SPEW &ERZ@@@?QO%;&?@B&MB It_:fig g(;(f Same=A b%luteﬁ%ue %réﬁlnee order
same ofder rdiffering BsSign gf eg armation value in the e are
derivedg[lorﬂ the ggméeegode wo (? associated%]y %#qrrgﬁt sllfjrr11 Va%? in the
information; 5 egroiping the tapids iTSWRBEMBRS fdiPraticre setiased by
and diffetreritiaf #etodigPofiAEmmvriiaion values to 10 obtain a
5 differentially decoded representation of the information values. 22.
Computrigaregramhaving a pregram coge for performing, when runnin ‘
on a copmpyter. .a method for e[r%ding 15 information 3\:/alltjnec}sl:efh,ell?\ tion
comprising: differentially encoding of input values to obtain a differentially
encoded representation of the input values as the information values; 20
~ groupirtg fife pemorelinfeistativinvalues intcha tuple fd raHPle Ordek 1 nes  to
10 generagpgrderdnfairmation ndigating theduple, 23 grder; generating sign
informq%mci{?{'&g %%Iﬂg %f the ir%?ormation valuresﬁ) (\/}v%{ﬁi%nt%%%%%; 3 the
e

generating a code word for t%e't_uple using an encoding rule, where the

encoding rule is such that the same
' 22. Computer program having a program code for performing,

whep running on'a computer, a method for encoding
15 information values, the method comprising:

differentially encoding of input vwvalues to obtaiﬁ a
differentially encoded representation of the input

values as the information vaiues;

20
grouping two or more information values into a tuple in
a tuple order: .
generating order informabtion indicating the ‘tuple'
25 order; | |
generating sign information indicating a sign of the
information values within the tuple;
30 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 different tuples having the
same information values in different orders and wherein
the encoding rule is furthermore such that +he same
33 code word is acssigned to different tuples having
information values of same absclute value in the same
order differing by the sign of each information value

in the tuple; and

7 AMENDED SHEET




code word is assigned to different tuples having the same information
Pk different orders and wy
P22 glER that the same 35 code word i igHeéd to different tuples having
SN information values of same absolute value in the same order differing by .
the sign of each information value in the tuple; and 7 AMENDED SHEET
13/02/2007 Printed 14 63/2007;- j LCNSPAM "EP2006001:2941 A- 29.
outputting the code word and in association therewith the order ,
informafftr BHE tHE SighltifoRifidort 783, 86mpite ABRRFAMNeRingt@erewith
prograntbede fareperforfing: en amhingen sicompniss ramdthod for
decoding code words based on information values, the method ‘
comprisj 19: 10t%rgvidj£n trhaemccl_}devv.:ygrd and in assécr)nciation thggewith ar%, ,
order information indica ng a tuﬁle oraera} b%‘lrnoggén, order of two ofmore "1
informatf&¥ Va8 Reitkin @7tuple CEMPIGHRatich WRGES and §F figrepding code
_associattor@ssignbindernation, indicatingna sigmcombinatien for, the: 15method
' informatiggvaluesnwithin a tuple; 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 having the 20 same ‘information
10 values iRTfifédHPBIddrs fratrrivedcirBhfithe’sanetoteiwery therevith an
~associatediby diffefentrordeéninfdmabiticrtand differemp iuplesttiaing ‘being an
informatiggevalugs ef.sarse ahselita valuernhesame auler difgdng by cupis
the S'gnogf %%‘%18%%@1%!9” ‘ééi' Hg#‘ & 29 4up racrﬁe‘%eré"%QJé%@é%n a sign
same code word associated by different sign information; degrouping the ,
tuples ifdHRGTG Bk infoRAAGEHT “ued; afd b com?’lnatlon for the

15 ‘information values within a tuple;

ncoding rule is furthermore fEF;é(JO@G@th&

deriving'a.tuple using a decoding rule depending on an
encoding rule used to create the code word, where the
deceding rule iz such, that different tupléS‘having the
290 same information values ;n different'orders are derived
from the same code word associated by different order
information and different éuples having information
values of same absclute value in the same order
differiﬁg by the sign of each informaﬁian value.in the
25 tuple are derived from the same code word associated by

different sign information;

degrouping +the tuples into twe or more information

values; and

30
differential decoding of the information values to

obtain a differentially decoded representation of the

information values.

35 24. Encoded data based on information values, the encoded
data comprising a code word for a tuple of two or more
information values arranged in the tuple in a tuple
order; an order information indicating the tuple order
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i3
=
=
Tl




pationy z§ to obtain a differentially
‘ farfatign ™ Values. 35 24. Encoded data =5 F
based on information values, the encodetf data comprising a code word

for a tuple of two or more information values arranged in the tuple ina

tuple order; an order information indicating the tuple order 3 AMENDED

SHEET 434022087 Prrteeni41(351 206 MSFARY R EPRO0600dB942:30n for

and sign information, indicating, &,sign gepjhination. for, the information

values v@i&(ﬂ%n a tup()?'g? 25. Encodgg%q}atas?n accor_dantgé with claim 24,

which is 5 stored on a computer readable media. AMENDED SHEET
7310212D0F0cied data in accordance with claim 24, which is

stored on a computer readable media.
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