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Met hod for creating a representation of a catculationr————

result linearly dependent upon a square of a v
Description The present invention relates to tM@mﬂmmmﬂ"m’"
creation of a representation of a calculation '
i nearly dependent upon a square of a val ue, such®&gdso*
a sum of squares of a 10 group of values as is
r edeithied, £66r cesatihg, ai tepebBenttdit@onebEodekalculation
whi Cr%s% q:orloy ng 0 a ps c%p cousti c_ npdel frﬁqgen%%
|i n&SSHE dRSTHY (FRGIRTT SRS TTHRFR Th = ofdkye
to performthe further encodi ng by neans of the
signal energies of the frequency groups. 15 I n nodern,
filterbank-based audi o encodi ng nmethods, such as MPEG
Layer-3 or MPEG AAC, a P&y€ERaREAASBtIic nodel is used in
the encoder. In this psychoacoustic nodel, the total
spectrum of the audi.o signal transfornmed into the
The eqBEREGNE0 ARVGE HiOTHi Vi St oF ¢ ndF bR dugFeation of a
répegeentyt gonups of cmabmilﬁgiwd¥J@ﬂ®/ Din¥aryynNdependent
n rs. of frequency |jnes e requenc roup. For
U?ﬁgbgm%ﬂﬁ%ﬁ?oﬁgoﬁtYﬁ}u%Syéﬁgacgﬁn?CSP%sﬁgxé%fares of a
groveshél deluker ashae decesibredf feenerampide $neseme audio

eﬁBSQQ'kQQ Sﬁ‘?u'vﬁn_ithﬁh u%%@:’or%q%gf Of ot h§ %g’s%éﬁdsc’crhc model

and/ or calculation of the scale factors in the ,
fﬁ%%ﬁ??%étﬂdﬁ%ﬁxﬁﬁ% SPMPREesudt D EREBHEEIUFNSN gpraPuPS in
oenergies @eriarmaudhe sf@ghehepordidc®indl e means of the

lndixidual .fregﬁgg§¥ groups are cal culated in the
SpEYRhoatshet Fe  TTRASENS YePFEUPED by squari ng

each individual 30 frequency line, resulting in the
Ih'ﬂgdgyﬁfgkﬁit ?BgnkSBgégﬁu%ﬂHi%u %HQQ o%ﬁﬁ%'d@k”%uch as

energies’ ina fre uency group to orn1tﬁé and energy
MBEGalpyegunéney YPBGpAASH AwRiSYKhCRECESHEF BedgBodrs 4ged in
the 68npedeaudi QnCh@ﬂ][i%: | pRyicheacoase ief hoideaxamehe total

n_the fol.l ow

MPEG AAC, _35 | ng, the specjal . application
SBFCLROM i BhEn?HPE 8n SdPRed A eeRDR ] qrg? the” Fredfiency
rénged- pei ntipidedssantoshdlndilye duedsi dereggiency groups of
varying widths and/or varying numbers of frequency lines

per frequency group. For the calculation of the
psychoacoustic listening thresholds, for the decision if
center/side stereo encoding should be used, and for the
evaluation and/or calculation of the scale factors in the
quantization module of the audio encoder, the signal
energies of the audio signal portions in the individual
frequency groups are calculated 1in the psychoacoustic
model. This is effected by squaring each individual
frequency line, resulting in the 1line energies, and
subsequent summation of all line energies in a frequency
group to form the band energy of a frequency group, of
which there may be about 40 to 60 per audio channel in the
case of for example MPEG AAC.

In the following, the special application of an
implementation of such a method in a fixed-point processor
shall be considered.
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2 In fixed-point representation, the frequency |ines
are represented with a word width of for exanple 24
bits or 32 bits. A word deEh_of only 16 bits is not
sufficient. A5 global scaling factor or a shifting

factor is used, which applies to all frequency |ines
of an audi o channel and also to all frequency lines
of all audio channels processed in an encoder, and

Imhibeéatﬁbﬂhﬁesr@ﬁrQQéhﬂEﬂYoﬁpsiEﬁ@nsfﬁéﬁﬁbn$%GQHﬁﬂﬁy are
[ine valu nus% be shifted to the left or the 10 right
r§8rFﬁ§f‘tF(FeieW&rti gitndlOSedi i Hg iy 595i AXBBPSBt aiinkdts or 32
b\M]ischAwoeeﬁewiehthtOoﬁSothQCkL-mlﬂﬁti;ngl-sp?icm sufficient. A
sentat.ion.-This is_tq say. at_a requenc .
o} BBEE° ALY LAt S S Yaet 8 U4 Pogd earhich
appt igadtor adde frequeneysdimescalfl mg laevElo. dhannel and also
eonhder gl §hgedSogenanallya i 0By d¥RaL cpBlebiBa in
i ndi vi dual “anpli1tudes of the frequency |ines, fhys
ARa§NE6RE rof 2NHe WhAEHUESER TiRES brve froas aned pAit ions each
fﬁ:@hgsh\gglt ylim§hva@gar a?&?/sgt tsﬁghfs@l%ftg{dt %arﬁgge l2e2f|t [OF the
val i | a word,w of. . its or val i ,
o i e o B gt A16p LB RS0 ey 6382 SEnbRe At ined,
wB@chepr esent ed reifelrrenl y f ew val iad bi t & landk -tfheraafiorge-point
[ ur Y., the_ ntati.on of the..
B A ek oo ERERuAl S GReghrRG)” Lines of
afet ROt ANg Rudd®- phiannedr gees sonallys gateldl e and/or are

oflesehiebed ol oW 1n@ri s&veFi rsthy, cbReiREPRLERE of the
concein t he %;gresentatlon of the si | ener.

, na i es
IEREREELYed 1 9By IWBARL CSf Ofthé Neqdading e 2 lgitaides of the
ferqughey, lhaésjs thes surawed stmesqudr eshef fheqdbhcy lines

[i ve obt aj ned .dynham cs _daoubl e _t hose
repERHETEa, DEEn "R O PR R SRR gRYe, Spuifo e for
eHaMRL & fed. valri@r bibfe vilkteed ward owsdpbssithid4 thesstor 30

vé@@&le@@‘ﬁ% ?v_ﬁ@.h %; @%gldt SN %&l- 3@%&9@8&@&494%5 io%ﬁel}% are
represen ion .o e signal, energies a data
rFQEESﬁB\'}F g & Mbrd W dfRY dedBi%e Rt 6‘?dt¥r836§1f8r?yr§@ther
insedufratetie representati on of the frequency I|ines,

that is for exanple a data type with a

In the implementation of the above-mentioned filterbank-
based audio encoding method in a fixed-point processor,

problems as described below will arise.

Firstly, the problems concern the representation of the
signal energies themselves. By means of the squaring, the
signal energies, that 1is the summed up squares of the
frequency lines, have obtained dynamics double those of the

frequency lines if the total accuracy is to be maintained.

There are indeed various possibilities to represent the
signal energies. One possibility is the representation of
the signal energies by a data type having a word width
double that of the data type used for the representation of
the frequency lines, that is for example a data type with a

width of 48 bits or 64 bits. Imagine, for example, a
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width of 48 bits or 64 bits. Inmagine, for exanple, a -

3 frequency line wwth 22 valid bits represented by a
24-bit data type. Based on t3he summati on, the signal
energy woul d, together withthe other frequency

i nes, have at least 44 wvalid bits and would be
represented in a 48-bit data type. 5 This procedure,
fReMeeBFY ildnfotwidasPBl #adtid dusis feeppasebted by a 24-bit

deeer giygs, BAdkd i BheASLSmAL M Ghhd %%Jﬁaqqt@wgy would,
are r presented in a 32-bit data type, as nost

t88ﬁ$5ﬁtrl (S“HTI'I R dOpBRAt IFRGUSISYr sl Widtrerh@pendt least 44
valippobt ta a614}mduldﬂttaety@eregeﬂtédoﬁnebsamwmryjata type.

e ations 10 and cal cul ati ons. a 64- bi
ng% %tsr)(/%%%gjrree ‘'extrenery’ SPow éonfpa‘}elcpuf eaS% for 64-
bakanprergB2s bi ttha?ctcess oper abisess anul mta]ai'ul aheorfscequency

lEHe%ddhEéonreﬂP@?éM%§ Zﬂgpkio@z'%lfg'%gkﬁ'C@QELY as most

I gher in the case t data  Anot h
CpBYSPbiPREY éﬂxeneppé@rtesvermc@ﬁs&mfewersu%mot support a

6Qn§ﬁ§|@%ﬁé5t?per%ﬁfeﬁﬁﬂtakl%ﬂ§8/@%ﬁé?@tbﬁgeB@'Hperatlons
by nmeans .of mant g?exponent Agai n

e
agésu‘?ﬁel%/ﬁleat ¥ e AR ohe facds®Pq hafca extremely
sflpequempy riedneowi tflor %&amihed bazt—ebuﬁ afcﬁﬁseseﬂie&datjjmra; and

cgicgﬁgtgghg typ%rlThedﬁ? @iggal CREngY of %%%sumptlon is

respective grou rep resént e
Séﬂanéaﬁénféa eMbﬁépmnettéqey CfaIS@atqfnéApcbmﬁ dadat-a type
with 16-bit mantissa including sign bit and 8-bit

exponent. Here, terial if a standardi zed
AR R N T Hht ¥ t/pothE I hEe T e Pody. Oy _ghes signal
epeoplikest aiy ftheat ragrpeentadaba tiype am fho@tbh@#ﬁéihy data

t%B%S%ﬁggﬁQéhés% a%%&%%§g§nt gtdgg%meﬁﬁ gg%%neﬁssume the

ol nt processor VVI
aéaveumamﬁn@ne@quewatw atfadAs thiatth & | baedngnppi Atine with

2datwn tipesivk! it aké‘@i@s@ﬁt’@dt q rpe; eyl-atied (h)é/t§e¥?b@| The
caIleIatlon step 30 will therefore be extrene

S4PBR; s ERAY tf?l s 6 cedi @S 1 ot FHEAR bIwuIL then be
réplrelsentpdohheﬁatsltenfdlaeidi el tdve dogy rered @t | fdroaafiddieoint

dgbgvgyggnleﬂqufFﬁ%eagﬁgéég%f%ﬁgqg%hgmfgﬁpqgggiggﬂgp% ~-bit
eKpengngnal Here, it is immaterial if a standardized
floating-point data type, such as IEEE-P754, or a
proprietary floating-point data type with arbitrarily
chosen mantissa and exponent widths, is concerned. On a
fixed-point processor without a floating-point calculating
unit, calculations with floating-point data types will
always have to be emulated by several calculation steps and
will therefore be extremely slow, so that this procedure is
not feasible.

A further problematic field in the implementation of the
above-mentioned filterbank-based audio encoding method in a
fixed-point processor 1is the reprocessing of the signal
energies in the course of the encoding method. The signal
energies and -the listening thresholds derived therefrom are

used in the further routine of the audio encoder at
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energies in the course of the encoding nethod. The

signal energies and the listening thresholds derived
therefromare wused in the fyrther routine of the

audi o encoder at - 4 nunerous different places in the
algorithm for exanple in order to calculate ratios

or quotients, for exanple between signal energy and
“PW@F@Hﬁn&%ﬁf SIS Plagrs rigyubhedaldpyishon iformexample in

oedsy to Qﬁﬂ%@&@ﬂ@Wﬁ%ﬁﬂ%ﬁan%dHtﬂ&ﬂﬁﬁs%ﬁﬁ'ei%ﬂaﬁé between
pOSS|b|I|t perform.ng a division on a fixed-pol

98@&530‘?“%%93{ hedlde dft SSiERging: bi thEF $4 2} dn c@ﬁﬁand%eqlllred

dwhnshonane inafl eaBit ed ipe rFork fonx ed-A&iedt- YiPRe A e ssor .
and supply an additional bit of accuracy in the

quotient per call. For 10 a division with an accuracy

Opk ﬁm&&%&ﬁﬁﬂ&y4@fpr$f048ingn@\diﬂkﬂi@hvbsianfixed—point

peorerRds fiar t‘ﬁ%eu%'engjlfe Jin¥h$i- tOfdlth%l ¥ Hmands J'hich
energies or a Si na ener and a listeni ng t hreshdl

aggulidr etk b'é BEHEi ridkedriicints moeceeagl bl endarslipply

aveeydifebhizgi ent: kecause ralyt N8 Ringh £tGWmat ';ﬂl& tdd® . For
15 ex endlturg i nvol ved. Anot her possibilit

hai 37 s PG R Y FP§e§orpo?ﬁ?m®¥%cé§%oPlF§f 48
1hhevu§eadfduahba©n posEiabldy ifor eornedinigdr Witdision of two

qu ratign step i ngreasing, . .
S§§@é?ac%%%fltﬁe df%?sf%n %eég%% 8 rgyprocgdufae listening
théﬁé@@#d WUl éﬁem@thfreas‘vueblr@qalgrfe@r {The sr e.qwmerd feasible

aﬂ@CW@%ﬁ/1&%fﬁf@héﬂ¥'§b@9u§@3®ﬁ tifd tRESh aceRYi1h@ 9% time

t abl e .nust he sed or subsequent iteration steps w
eﬁﬁepgﬁﬁuﬁﬁvéngo VGH- demand for calculating tinme. 25
Bot h net hods nentloned nay be used in a fixed-point

cti th fixed-poi t data types
AEFQ%§§3gosgﬁE§qgQSé lem n%l%PBer ég%eﬁgpexg glxed—
PRANEh, PURSASASL |hsnoﬁéeofuﬁﬁe cdsestpp bes despbesihly in

cSHEEtQh@ﬂ“Qﬁéﬁ’§ﬁﬁb§h§@ﬁtaﬁﬁ%k%%ﬁdw1§%é§br?§EGQEd¥ea51ng
alculatlng qgﬁnr consunption W th

anUFF8H§8 €y ulfh%cc %E%“”Thé" et ighedprocedure,

hpwebbenslwoumdenohomcdehsubl@ @SPfor the required accuracy

of the division result, either a very large table must be

used or subsequent iteration steps will in turn have a high

demand for calculating time.

Both methods mentioned may be wused in a fixed-point
processor in connection with fixed-point data types or
floating-point data types emulated per software, which,
however, in none of the cases provides for a sufficiently
efficient application with respect to calculating time and

memory consumption with simultaneous result accuracy.

The above-mentioned problems would not occur if a GPP
{(General Purpose Processor) were used. For many
applications, however, the use of processors having a
higher performance than fixed-point processors without a
floating-point calculating unit is automatically out of the

question because of the high pricing pressure and the high



10

15

20

25

30

35

(CGeneral Purpose Processor) were used. For many 35
applications, however, the use of processors having a

hi gher performance than fixed-point processors w thout

a floating-point calculating unit is automatically

out of the question because of the high pricing

pressure and the high - 5 nunber of pieces. Exanples
nYPbgGC R fagigeat i drsmr e srobf | euchhaned igad 1PDAs angSmobile

pboh24, 648 Bbakesponds to the problemof the SMR 5
calculation, that is the calculation of the ratio
bet ween signal energy and |istening threshold, and
Udoe$, §64a@amnsB1 a reaglotiiep QE tE&eusgﬁﬁ?ﬂﬁmedﬁpMﬂﬁe SMR
[ ccord e w.th.the proc € propos
Prerartiopy,, dhaftnctt L BRER Lt s b caaenp. petveen
SF@Gﬁﬂeﬁn@ﬂamsﬂnmiﬁﬁm&ﬂeﬁxng]Iht@ehQE@onpodldpeﬂ @bzagalnst

aaudize ksirgpal Jlent @ et s 3pectfral £;Ganpsty 01 %nt§x¥§ chi In
performed, follow ng which the energ each inpu

agpﬁﬁglanﬁﬁd/"ﬁft}\‘ r‘é‘q%eﬁéycrafﬂﬁées|pgrr%osqqna¥h¢§elnt hélrst the

ukuae &mmeM1d§ QﬂbC@h@%%@uEthﬁJﬁ%I@@|t@BgsEBEQEE§6M for
ns of th rezgfctlve frequency l|ine val ue.

ts\ﬁ HIR O Sgb?h%” heP i HDiE ! i dRt8r Stgnapectral
cenetgitesnet tie pgrﬁupmedf fﬁammnwmngl wheeh titee nehbody of

eggw dlrgéu%o be ng9nta'nra%q ?e&?&‘%% gnal g‘ffg%ﬁat is,

rou s. The 'conte Scumem
thet diape te@err@rYDve% hea L g lobl &din £ b the repdt adet amaginary

pbB@hoh% tde - @H@r%éﬁﬁedﬂxﬂéYfgggbéMéy?MH%Echaﬁﬂge Without
oln cni

t hat nmost fi xe
gE’éH‘SrleJer g‘ oratﬁg%? d?*ﬁ € ofFLEAFY°T6 Otfo S04 se“e\‘i\ﬂé?éaé’f the
tbephPE@fstaméquénwguldlmequlreh@ datea haiddt lkcafld34 also be

[ a a_dy e 1 dB.. Therefore
C?hgﬁng%grkaggdmgg g%g] 9%%gv§ to be scalgg' % groups. The
CB&F?P@UI%? iz §P§H@§Pﬁloh5|§ﬂﬁad@tﬁ@ﬂmﬁgre§s fempve the

ptBe 1kar refapracedunguc apdtHS e thae diéfeﬁenbnégallbeg mostly
val in accordance with th

ue Mor e reC|sa
h888ur?§mamt%erp h¥§ ¢8mp&ed 3P & ?ﬁré‘@ﬁél cflami point
D§®Mthp$MBbdp®nsdownmaada mmﬂmmtbﬂdqnlyn16onﬁer2u0blts,

P i SERESIAIR, L0y PR k] B o 20
bits, that is a dynamic range of 101 dB. Therefore, the
energies would first have to be scaled. In particular, a
proposition is made to digress from the former procedure
and use two different scaling values. More precisely, in
accordance with this document, the energy is compared to a
threshold and scaled upward or downward, respectively, in
order to be able to represent the logarithm result with
sufficient 16 bits at a transition into a logarithmic
range, and in order to be able to calculate the SMR ratio
in the logarithmic range with 16 bits. Depending on whether
an upward or a downward scaling is performed, a different
table for the thresholds is used. For taking the logarithm,
a common logarithm times 10 is used, so that the unit dB
will be obtained. If the result of taking the logarithm of
the upwardly scaled line energies is zero, the SMR ratio

will be calculated by taking the logarithm of the upwardly
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range, and in order to be able to calculate the SWR

ratio in the logarithmc range with 16 bits.

Dependi ng on whether an up d or a downward scal i ng

is perfornmed, a different tabl'e for the thresholds is

used. For taking the logarithm 35 a common | ogarithm

times 10 is used, so that the unit dB wll be

segbtlgidneling f enieergyesminusf tthaki hggeéhethogarfi t hireofthreshold

hegypwarthy Seal egchbpg; €0er gies L . e

eratﬁg \Mﬁ% be calc%l%?eﬁggy ggﬁfngé§égEgoég$iFﬁ%ﬁﬁpwardly

SCRc@phangl prergy geal ef Ithfe daverdgyr dliviugcaled line energy

alregabibhmeef wik® Ehkeskeldr energy times 10. _

O herwi se, the results of the upwardly scaled |line

energy and of the downwardly scaled |ine energy are

Toienty etk dd td ﬁﬁﬁbo@ﬁbeﬁ,ﬂ mgpe,pﬁqced@r %pf@@@ﬁﬁgdis?ome of
6, 1 .avoi.ds sq 0 t he.apove- nenti one

t§§0b|éﬁévgﬁﬁﬁﬁ%é8888t tBrgﬁéemFeprﬁégEsinﬁeﬁ?e?ﬁe to the

repgrakessneggi e bythpr opesgnglt oeneab¢akat &yt her8Rsing to

hathQatR thge! ogari thig F?ng¥ﬁ5hh% %Qig%QHXSSrSHSe. This

conpl ex division_cal cul ation. IS fﬁope ure,

IRBREGSr  the apPsRdeantchdgdsison ncahaelaheonogdhilshmrocedure,

h@&b@ékagiOmsii§%§A&¥Jﬁﬂfﬁéd@%y GHTP! @X% @S FhﬁeVmﬂﬁbarithm

r.an .or a 16-bit fixed-point representation as

CEUrLABIe For LSty TRE T YehY pBrRP LpFoc8s B valge range

floai @ AGt-banl f ixfedepctime Tedregamtdmaalaulatitarhle for 16-
il q ithmas_.su [ il

S Fared "ot Ehe B d G P00 T e S B Bpiitcer tne

LpgReh thes gl ula tilea  nedddsi thheoft s nauctt dsha wipgarithm as

s{uﬁlﬁl rx%s @éim_epég@thteemople:rt_r]g‘éﬂe%ﬁaregﬁéyeptrggehk 'tviith high
erefore desirable to sinplify the transition into

YREMLGGar i‘“?'rh‘ﬁhc TSt Sl 5o, CUR t RBGESBAEY e CbcaGr MUTY &S two

thddsgsi e fdyhamlogariShn GRS, @2 dgalvawid.h t he fast

execution of parallel 25 multiplications of

floating-point nunbers by neans of conversion into a

Itoget i thpFeforRedepdrablieortrats impibi £y ohhei framsition into

thegardddrithnian e il sSubseanenholackne@Bvecsi@tingSa loss

5,197,024 generally deals with an

L& FIREMYCEI/ | ogari t hm

UsS 5,608,663 deals with the fast execution of parallel
multiplications of floating-point numbers by means of
conversion into a logarithmic fixed-point format, addition

in the logarithmic range and subsequent back conversion.

US 5,197,024 generally deals with an exponential/logarithm

calculation and a respective apparatus.

UsS 6,732,071 deals with an efficient solution for a rate
control in audio encoding, and for the determination of the
quantization parameter value uses a loop iteration with a
completion condition, according to which the quantization
parameter value 1s compared to & term derived from a
logarithm dualis of a term depending on a maximum frequency

line value.
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30 cal cul ation and a respective appafatus. us
6,732,071 deals with an efficient solution for a rate
control in audio encoding, and for the determ nation
of the quantization paraneter val ue uses a | oop
iteration with a 35 conpletion condition, according to
whi ch the quantization paranmeter value is conpared to
a termderived froma logarithmdualis of a term
ger@e;ra@llnqa@n e JBigBaN fFequencys Ling \é@'ﬂeg\ auaLf?s for a
351, ESO descri bes the use of a |og arlthn1 ual
Slngﬁla CHAREGPEL M NNt iﬁW%(ﬂW%ﬁé&l ngie Bidrgaiatues are
ugabuésraree vsedaflQodaha i tiraldroeAIdTOR AR audio codec.
MDCT- encoded audi o codec. 5 US 5,764,698 describes
the use of a natural logarithmfor the representation
UéfSaG&QJQﬂ&umﬁsembbg$esheAwnawpfdatahtedade3©@bmﬁk@m for
t nt ar La
tg%veg%pg%%%§h;§g¥ﬂt é? u(h%gthé?L Bégen en |ontp‘tomOre
dpEaviige dessEtiRédoane® arﬂk@pﬁgraata}s:m mt@attlh@g l@garithmic
rbfpeesenhati giveh.a result linearly dependent upon a
square of a value, so that the calculation is sinpler
or possible with [ ess hardware 15 expenditure. This
Tobjiect the achjeved diy aheappassaiits accondisg tt@ Chablide a
t o |ng to claim 18. 20 The inyentive
méﬁﬂggagage ﬁ, éﬂb'f af?%p?éggn%aglSnrsprgsen¥atlon of a
r@aPé@I étlinéﬁrrlefsallepelmdwa:r |yp odhe jge rEgpIatr el dn aa veduer,e saf that
tﬂe %@H&%léﬂﬁéﬁﬁﬁ§ug§ﬁb9@rr%¥“§o§§i Py € ﬁnﬁesg Hirdware
representation with no l'ogarithmta
e?ﬂepaaégrﬁs processi ng means for perforn1ng a
processing of the x- bit representation with no
ar m.taken qf. t val ue, in
Tk? Fh?F&nlfhéhq} Y?%e%YI?nnggﬂaggPSUSSEOFﬂéngaﬁﬁeCIalm
1mﬁéﬂeﬁnmﬁﬁé0dp@§§@§§u@@ rpass ail;r dénfigured to use an
effective 30 scaling factor, such that the cal cul ation
Rgsgkgehilve apparatus for creating a representation of a
calculation result linearly dependent upon a square of a
value, the calculation result being present in an x-bit

representation with no logarithm taken, includes

processing means for performing a processing of the x-
bit representation with no logarithm taken of the
value, 1in order to obtain the <calculation result
linearly dependent wupon the value, wherein the
processing means is configured to use an effective
scaling factor, such that the calculation result 1is

scaled in dependence on the effective scaling factor,

means for taking the logarithm for applying a logarithm
function to a y-bit representation of the calculation
result, of which no logarithm is taken and which 1is
obtained either indirectly or directly from the
processing by the processing means - that is for

example by picking out bit positions, in order to
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scal ed i n dependence on the effective scaling factor,

nmeans for taking the |ogarithmfor applying a

| ogarithm function to a y- bu; representation of the

cal culation 35 result, of whith no logarithmis taken

and which is obtained either indirectly or directly
fromthe processing by the processing neans - that is

f or Obddiplae S9p Isid kiamy enn tetti uosiittitonshe | ogaderhnt ctaken

- 8orohtid nes Sepd efbr epLsgent ahu%éwgtr *kaé&eeé&&agefé}{“mh

taken of the calculation result an '
r eprt&€ented3 oht Wi t hakeRe Afoddis t ARl akesadiculing isval erisult,

cal atleateion v asullless WHHEIN tinies L@Ssddhan 2 times x;

and 5 rescaling neans for adding or subtracting a
correction value to or fromrespectively the scal ed

| ogaeisttatiing mepETes efbat & ddinghbeh sabrtrespdmds 4 océdhe=ction

I I hm
|09 al&. %hESEBQQ?FZQ%ggg%tﬁ %ﬁa e ac? %Eﬁ%ﬁ O%%%?rlthmlc

appl ctive sca
to mwe@taﬁemnesemmtqmn mnﬂesﬁmdmgam t hvhe aklesgarithm

Of teh@ ot iRAW NQuch OBgers scahedy- 16Rqultald, onﬁf)??ﬁi‘é& to the
is the flndlng of the present invention t

15 ErERSGHVEn i FEBLYHE | 68SFPENM d1y arijedett £8 né’tbtaln a
necesparesentta tiake winto thlSUdﬂ;%rraLtUkﬁrﬂ dheeendf rendit now no

W dﬁ% %f t%%alﬁ%§U| Ilnqarhon . gsnt upon the

square ot Sible to scale
the result of a value mnth x blts such that a

IePL &S §HAl f?ﬂd%&h d@s\%héh?}e?(sé}{tt Slgtl %ngne Elﬁaftﬁl bn the

is sufficient to Obtain bas t her eon t ['ogari
DathtP tﬂﬁs EpgeEitRieheanggy i ﬁ@ ifsq dtor Wessary

ttohet&{eléummﬂg Sggaﬁutehat@oheptneéerémtﬂr@w HB%’ bﬁidthl of the
gan i suptracting a correction val ue

tgﬁhe lﬁﬁgfﬁ 5%8 PR f URTT ort MppSik@ i Ohe @ value.
R§(’,€éile|rng 125 lfsacmcaﬁsmbe otof somleespectreselly tdfe sscadlace with
|%w%§t§UEﬁ tﬂ@@r§sﬁgégéégﬂt$tEgﬁuhlgﬂyle %Sﬂ% X bits of

ynam CsS It is therefore one advant age o pres nt
iﬁVeﬁPF&HtthéP FHIfRELPRYent PveCRmbRr b%S%@ur%m$¥90n the
lofgarasiintis Myedi@sentation. The effect of the scaling
factor on the resulting logarithmic representation may be
cancelled by adding or subtracting a correction value,
obtained by the logarithm function applied to the scaling
factor, to or from respectively the scaled logarithmic

representation without any loss of dynamics.

It is therefore one advantage of the present invention that
in the inventive manner, a plurality of results may be
transferred into a logarithmic representation in a way such
that, subsequently, the scaling level will be the same for

all, with the dynamics substantially maintained.

According to an embodiment of the present invention, the
processing of the x-bit representation of the value
consists in the creation of a sum of squares of a group of
values in order to obtain the calculation result linearly

dependent upon the wvalue. Instead of performing the
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30 transferred into a logarithmc representation in a

way such that, subsequently, the scaling level wll be

the sane for all, with the nam cs substantially

mai nt ai ned. According to an enbodi nent of the present
invention, the 35 processing of the x-bit

representation of the value consists in the creation
eéfegtium sicadquar aaform gnbypabfervahaesailcudnddont @f the

sQFﬁt abp the,caleul giamgﬁsu'tke' ' Qegiky 59&9;{&?{5&&9@ are

the val ue. Instead of performng
S&E&RAN & HRYAONYS 1o WA tF t%rC@fh@oéaﬁéaﬂaﬂgoﬁaéﬁotrhe Thgymommon

s@%l&ﬂ@arﬁéctbﬁmﬁMﬁrdeEQ%mﬁhQUt f?@ﬁeﬁﬁﬂiahh%%%rargf values

ed Rre ousl a.comon scal i ng factor The
388295 3écéé?ﬂ§ %ﬂkt?ﬂe LAGEEEF MNP ot t Ke L ﬁgnﬁEWltlonS

aobngal ués 5 >ariitor byp nesast of idhe Iafgeshenumbamdﬁ This

[ si_ti,ons ng_t.h Xz b|t repre ntatlons of .
hee§5?%es éﬁ% it §9d%% uf% k&8P g i BB starting
fé@Mﬂ%ﬁﬂlynnéwaﬂnS¥ﬂQﬁt1¢@ Wﬁtbmx+haunrePabsentatlons of
tPlkt URLI1QR WM th X- Rife T eprase ntr%tﬂr%%% a t 1to|?1e v #rfa% This

in the x-bi't representation fornat. equa
eqNplilds 2PR LIRS $Qudhes Sl aes |Q‘fd|t\hedl}élld1\>’d{qy@§ amues and

tho the swi obft hehd Ndhvigualagquagesredier e dde @lQém%mmon

I t . h that the sumo
S350 RS L BPLRERED e TG SE b pauares
isheoturmwitiiest.ed Aozorsdenfjleow &hi 8 eabadinert chichesummation.
AE%Q@PHBBH]{&nQﬁhQP Eﬁbééﬁﬂgﬁgormﬂﬁaoﬁo a%%%%hpngggﬁEbgn is

representation wt ari thmtaken o
P§6§96We§qﬁﬁké% SqGE ¥ soenbbdi Hehit repsesergation with no

laduantage tiakemidn airl’@dsdirﬁlabft bguRkesedune thY% Rébodiment,
used for several groups of val ues, so thgt on the one

thRrd T VATUAIDIL T B PR 7 aFPgF ohPE RrECEEHEE(MayY be
ugeth f@2CGalidfel eptogpamoli yedluesg fcactlort, andtba the hand

tWeheGah@QQ tcble t%lébS%H?OEdéQi"' 1901.'1;? eIalfeS ggglé?me\,uth a

for the [ogarithmc representation o
dddharest ACEHY ﬁg:%]ol%oﬁéﬁ"eﬁfow edrdred Ehbodithent hend the

shb%e@h%&@ntsca'iﬁlrh@Vﬁeben,1sa tRgaiiakam cihal tfei 9 J38d t hmic
t he Iogar ith ncti on, %9}her with a factor

rfﬁgﬁsegtﬁ SR na& S8g\Fal ¥ this way, it is

possible to carry out the

According to another preferred embodiment of the present
invention, a logarithm dualis is used as the logarithm
function, together with a factor that is less than or
equals 1/y. In this way, it is possible to carry out the
mapping between the y-bit representation of the calculation
result and the scaled representation with the logarithm
taken of the calculation result in a manner that optimally

utilizes the value ranges of both representations.

According to another embodiment of the present invention,
for audio encoding, the spectral line values of a group are
subjected to a creation of sums of squares in the above-
mentioned manner group by group, that is by scaling the
spectral line values prior to the calculation of the sums

of squares, wherein the frequency line values are present
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mappi ng between the y-bit representation of the

calculation result and the scal ed representation with

the logarithm 30 taken of the calculation result in a
manner that optimally utili z]e the val ue ranges of

both representations. According to another enbodi nent

of the present invention, for audio encoding, the

iPeci? al*1hiHe Vdiesspsfing gretp afersst suhbitect e t Aogarithm

tarahi OlbyOfs&MIf@%g)fuﬁ%lﬁEesrésulLﬂ%gg ?OVF? l({'eggugres, which,

ganner b%ﬁ?grou that 1s
Bet FAPT $RRC piNotheo &wh?eltcatf:em@m@mtofdahe format

euhy (ﬁysqp@HQSn@Mmﬁﬁlﬂdd%%ﬂﬂﬁmuﬁﬁﬁ¥thbﬂeé@ﬂﬁ??%lng the

t bi t d t data f
S BN i 0 P S St e bl T g 1o

§¢ﬁgnegsquameg;hemfa:htortdzessmtsiarbeo:pr@qaan ity tlh& to the

§ Q'Bff@ﬁﬂ% only, .b in
o arlthw1f£$§|on co rlggghgtﬁgff%b%%%éyaﬁa %ecorreCtlon
g‘é?l t Pt v Red t heromgatia hmatuadn s sared ile  fsealomgby  the

Y\b@@rihﬁmfaﬁirﬂftiﬁst@ae or ¢ pgHal Lo the um
Pf uares, and %%ﬁaddl ngror su tra{:ét)slpr]#ga(t \gor}Fect ?]on x-bit

UHFe@ BB A netP R Gt IR <Ihmmof sEhRi ngesakt ooty tetkéng  the
logarithm f incthos myprtﬁéomgﬁ@@p@ﬁéw@éy okhglzﬁ Qb&ctral

f tatl of the result of taking
30403000 AL RSN o o e LenblL 8L LA Rl L
%ﬁ¢u%b@%t?@$ dgm@mp@sarénnad@ialoed eachhef sen® calculating
éﬁé&é@goﬁ§vﬁ$%“bgh?@%forﬁ@ﬁc%ggnkg %ﬂgqgcgal%%§a%bng unit

addition, eac he cal cul a operati ons

TR BT WESE by ke &5 61 54 Ncal %m%ﬁmrglrmm. pumbecsnfiiglr ed bits

drory probessengotiinedt pQisnt: heweFere Wdvhnt Rdcuis ol ythat it

Thi nt .is.therefore adyantageous in that It
§ %§§?§?é”§o |m LEMERY : a1 2T P eFRE0EPT i ANad16-0oror 24-

Q&F kﬁ%x¢¢xﬁﬂl®bln@SEE¥MMWMQ@Ut the necesssiyyofof complex
RSPt i Y 0 @M g Yhih.1hey %%f@@f% dg—}lm%h%xpenditure

cal cul ating-time expenditure I NVO
¥{0(f%hy, preferred enbodi ments of the present
invention are discussed in greater detail with respect

h
1P t%@e 26999R%R glngpre errgé e&ko ié%nts 5of the present
invention are discussed in greater detail with respect to

the accompanying drawings, in which:

Fig. 1 is a schematic representation for illustrating
the structure of a 32-bit fixed-point data
format:;

Figs. 2a are schematic representations of a squaring

and 2b of a 32-bit fixed-point data value for
illustrating the effect of values too small on
the 64-bit fixed-point result;

Fig. 3 is a graph of a logarithm function according to
an embodiment of the present invention;:
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Fig. 1 is a schematic representation for illustrating

the structure of a 32-bit fixed-point data format; 30
Figs. 2a are schematic representations of a squaring

and 2b of a 32-bit fixed- p0|%% data val ue for

illustrating the effect of values too small on the

64-bit fixed-point result; 35 Fig. 3 is a graph of a
Fﬁggaﬁithniéuac&bMemmﬂﬂmwﬁhnpk(ﬁiaqm&mmodiﬁﬁhbpﬁéﬂdﬁﬁs for

present chematic bl ock
diagran1o ggEgggaratusLPgrQ5crea |%ﬁg§ st 8F ddfFar & an
accor di ngembodameaibodi bat poksehé pneseftionaventi on;

5 Fig. 5is a block diagramof a possible

I.mpl ementation of the apparatus of Fig. 4; Fig.

F39f | 8w chaft f dL9¢¥F udi perpfig Atthe? f Hﬁéﬁi@ﬁeoflmﬁwentatlon

appar at usoacenedipgatatbbgofSrignd430 Fig. 7 is a
schematic bl ock diagramfor illustrating an audio
encoder according to an enbodi nent of the present
Figvefti onislb IfdavwhecHaott ofwingilibhet paesegt theveninicaion of

is d ' ' r an fr uently
agai nat t haC BRERAr 5 of R Iand 628, 3ial pr Sitssi ng
and specifically audio signal encoding. As will be

FQ?D'&'nEdlenagﬁﬁﬁﬂéﬂatﬂgﬂﬁlécﬁOéig@&gﬂ 3:15 QQ§%%%Q%%Q%g an
the figures, the 20 present invention is not

limted t u?ﬁPs%ﬁﬁﬂqQﬁn??ﬁP?¢e“% top@n tgmRoderephgof the
predom naptkyenervasehaibacilitate understandi ng.

Bef or e-enbodi nents of the present invention are

explained 25 in greater detail, in the follow ng an

Ihnt £b@uctficdd owd nat he $& cenpadiseertt s, inMsindhidrs  sicne ddsut ibed

r@e@yehyi ewand Hmkes; g hes adygat ageeqegnkﬁe AldQHRI  the
e odlnentg better understood Is suppliedireferrin

bagkerge, At sthezpydip 2igRshs RIRFSTITIRG uRrBRD ofsl%?leglCallY
apdssi b$ £g321 bidnddddedy poBBt will be explained in greater

detail following the description of the figures, the
present invention is not limited to this application field,
but this setting predominantly serves to facilitate
understanding.

Before embodiments of the present invention are explained
in greater detail, in the following an introduction to
these embodiments, which is some kind of overview and makes
the advantages of the following embodiments better

understood, is supplied referring to Figs. 1-3,

Fig. 2 shows the structure of a possible 32-bit fixed-point
data format, which is the exemplary basis of the following
embodiments discussed. The represented 32-bit data format
may easily be applied to other bit counts as well. As can
be seen, a value stored in the 32-bit fixed-point data
format comprises 32 bits. A 32-bit register therefore
suffices for storing this value in the 32-bit fixed-point
data format. Such a register is designated in Fig. 1 with
10. The 32 bit positions are hinted at with individual
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data format, which is the exenplary basis of the

follow ng enbodi nents di scussed. The represented

32-bit data format nmy easily be applied to other bit

counts as well. As can be” séén a value stored in the

32-bit fixed-point data 35 f or mat conprises 32 bits. A

32-bit register therefore suffices for storing this

swahmearnmmmeﬁedbkb f.i xBg- pbrorh tﬂhﬂalé@ﬁﬂabldﬁﬁﬁﬁfént bit
ISt n e

(L8gh St&! lcf"ie sqaéﬁgtiflﬁﬁxq é}wd a&f& %Exauér}eeaéungs of

p S|t|ons are hinted
thenbeddd idsal, bix3apasigraarte a@asrtdsmcgnwmlaaﬁbfblt fixed-

p(m%) dd heorRst sh@nifiigany kit SMRR) chh%r{IﬁﬂmJ‘u%ﬁ bit

of . the individual bit positions according t
PESIFIES xedS p&Gidit ®ft a FWat W Htled aigpefbeent bit

rebe eiseaite diak bistigh pegitiess. vAguean beeseem, &Pe -. The
nnst Si nlflcag{ bi t eQresents t he SI
The

LS &1 PERSPnENg B DRI o the value.
Agxpredaat lte rm@nlelmlcd:&ilmfertmeaﬁ/aﬂ“w 1 Acciossk ngit® tderesent

em ”?PSCQEOE' %’ gedgltgs Owa%se{](s g Ltr uF]i%Ctlonal

fraction, I. ormat 1 fracﬁlona
fﬂﬁﬁédpﬁépﬁtd@é@aﬁQﬂmﬁﬁ im wihi @, Qm/QﬂﬁNQwﬁlQmu tihe point
oROittHe Obmhd1ei §ORRR iitS PR i oNedei NelthGs®f tMSIt ion, i.e.
| ocat i n the Ieft hand si de before bit X30.
O‘Fhe&‘/‘:a ﬂ@ﬁtn%arﬂép PegPstRetabe c ittt hépef of Beperalue in the
regpisessed 0asadl theze(foke) XEl o¥prXldled 450 As can
easily be seen, the representabl e val ue range of the
fractiongl fi xed- point data format extends from
XA RP I OXK Qly Qk@ﬂUSlvely 1 to exclusively 1. 20 As

has beenidi scussed in the description introduction of
t he present invention, signal energies for exanple are
obt ai ned by neans of squaring the frequency |ines and
AsuRanngagp 1al besge@ned theequemssdntmsl e ivalue headgemeof the

fZacenengiies, fik&qipSaency (@rup. dhenaunber. of % from
lines con&alned in a frequency group ranges rom

a@grOﬁlpﬁée y exclusively -1 to exclusively

As has been discussed in the description introduction of
the present invention, signal energies for example are
obtained by means of squaring the frequency lines and
summing up all squared frequency lines, i.e. the 1line
energies, in a frequency group. The number of the lines
contained in a frequency group ranges from 4 to 96 in the
example of MPEG Layer-3 and MPEG AAC.

As has also been discussed in the description introduction
of the present application, it is possible to represent the
frequency line values in a fixed-point data format by using
a global scaling factor that applies to all frequency lines
of an audio channel and even to all frequency lines of all
audio channels processed in an encoder, and that determines
by how many positions each frequency line value is to be
shifted left or right on the side of the decoder, so that

the original scaling may be reobtained. In order to subject
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exanpl e of MPEG Layer-3 and MPEG AAC. As has al so been

di scussed in the description introduction 30 of the

present application, it is p §SI ble to represent the

frequency line values in afixed-point data format by

using a global scaling factor that applies to all

frequency lines of an audio channel and even to all

Sﬁlrcéiquériqbim n&imdﬂidintauoﬁla)techarmbhe;s precessedfiRe@Apoint

t 3de m ositio

p?g%%%%re uenc mg bglccuéﬂlet:a SZO%%, ‘Dtl)ﬁltgaeé Ieﬁu”&wantlon of

SﬂWﬂﬂ?%ﬂﬁ?%et pdeadfculipd igecoufer theoauhar sigmal energies,

torel glfM'loiﬁﬁ{d NG AWy be-dpoptahdieds |fLuoF d8le tOuer  for an

&%b such 32-bit fixed-point data values on a
%&deﬁ‘& n%mpb?%@%%%ow tH atB2- At cyded Wey dofhi ditle  audio

stigna 1s emeatg iers dfrons qliay eSrddq@leridie il ation of the

audi o signal energies, the follow ng basic

requi renents nust be net for an 5 efficient

-i mpl @ventreguendy t Aénesl qubst | ba ofepresseaitdicdd wstgnal word

ener gi fr t-h req ~ e Ilnes

st e e resentad it Sor L o .

bits are not suffici ent 10 - The audi o signal

-ener ghes aisito 8&1‘5@3318 éx@@f?§§§‘t gdstna18of ped-Piddented in

dataf%rrmt and n oatlgg poi nt = data_ fornat.

15 - 2THé “SaiRy 4 nda?taeng?ﬁlf‘%g dt PBE ridprleskh ki igr-point

a ddeaat ypemaitt.h a word width no |larger than 32 bits.

“This results in a word width of 32 bits for the audio

si gnal energl es as well. 20 The special enbodi nents of
“the ph&semtdiqvendned deserpbed mustt heef oldmwsrpmeet in a

all dhese ttﬂﬁé Cwi EHUIal 8P Swideht ﬂ%qurbféeﬁU§BaRe 32 bits.
not eq that a l.ess efficient nggl ement ation

obt ai Réd ISP Sa1in i YREde Reofy éawbrléﬁerfyt%r dree audio
met . sAgnaill lenkeeadiescussed lllat er on, it is 25 for

exanpl e not absolutely necessary that the audi o signal

energl es be limted in‘their word width to 32 bits.

Thie Shegirdc e oimrnthechuthe Pirgsenterawgings conldesaribed

iho hee following meet all these basic requirements,
although it must be noted that a less efficient
implementation may be obtained if not all of these basic
requirements are met. As will be discussed later on, it is
for example not absolutely necessary that the audio signal
energies be limited in their word width to 32.bits. The
reprocessing of the audio signal energies only is to be

limited to a 32-bit fixed-point representation.

From the above requirements, the following problem in the
calculation of the audio signal energies arises. The
squaring of the 32-bit frequency line values first yields

line energies with a word width of 64 bits, wherein,

however, the 32 bits - in the case of the following
embodiments, the lower 32 bits - are discarded in the
further processing, and the fractional arithmetics

continues with the upper 32 bits only.
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limted to a 32-bit fixed-point representation. 30

From the above requirenents, the follow ng problemin

the calculation of the audi o signal energies arises.

The squaring of the 32-bit }fequency line val ues

first yields line energies with a word width of 64

bits, wherein, however, the 32 bits - in the case of

Ihh@rﬁ@glmMIMﬂKﬁ%ﬁﬁﬁmﬁh@Eﬂéﬁ rébheréever i32mhgks to #i®s. 2a
ed in th urt her, cessi ng,

gragﬁ?ong S3Fi AR i ©%° &BEH|uﬁ%9%égqfﬁhe56pﬁ%Fis§2b of a

mpiltgpdaky. used aSnaN$huaiemjIbysmna&adqnsbe same values

iheberance ji, ersqﬁ%191§19§%%§ %ﬂ%t%&s.T £3€ 3 E%D Both

i nput regis tiplrer used as
regagters gyamdand nkgk hersass- baFué§gl|Sme(§St hé& uintetr Flgs

2autahuplzbcem1dwr QQicat-8i% %2}% fid ROt N o JRQSERy of
12b are 32-bjt ngeﬁﬁ%ﬁﬁhrther Flgg' i? ob an

u898r230§ﬁd®” 142 gn@ du QUETr 8girdddon 14bconsi sting of

an upper portion l4a and a | ower portion 14b. The

[ t] I'. , iC not re resented Figs. 2a and
ng %ggiéghdé%$|ggP%§h S it tﬁ%ngaFQEEP gdhtéh?%'o?a and
2bhe i egiostfdasireza and rﬂd i hheher&idi¢r f icmqtemisntof the
rg@tléttegrsmitZa %91@1 hopmyhti FP]|§)/ 3:56-bt Qe 14 43 o %‘ct %%tahaftormat

-bit result is vyiel i's out
aadt&& W B St 49 Ehe 5we4Wﬁ%uqs>eﬁiiﬁﬁﬁtadéﬁablt result

1fsomendeﬁhumhltd1re wp@ﬁtmt1@ﬂoléhé4aueﬁuth@e@lﬂsﬁ@r 14 in

regj st. covers th ir 31 bi positions

a?%e%#ﬁw %ﬁé&?ob@@rggg %'IW@WEr%mﬁ%ﬂoﬁhﬁ48pp€6véﬁ§tlon
1ﬂheQﬁNmm©|ngtpunaqumﬁndnoh$ cEwgss ZmanmhﬁbtsBdelnary
pébw%hen%f{beﬂhkﬁé U, en&hctaﬁ 2§ T equency,d r_lnécr)rtign 14b

val ues have been witten i'nto the T nput regi st
caMgre2bhesgemraniaps Péppry Pesditiongre yielded in the
output register 14. Fig. 2a specifically shows a

E guat!og |nX 23%%6%%h°%§5?% qggggghgggfeéggﬁ i%%ﬁ§erent

fvelqueecar el ga¢ ed’adute sonhavhi gheélevalrlttien entooct:ku@y input

aghatee nuq@sr Qhaval bd, bi 3
rt ﬁé uppeszr 32 bits of tﬁe a%:(?u %6?%5‘3&8&0@ resu are
yielded in the output register

Fig. 2a specifically shows a situation in which the
frequency line value is high, i.e. 0x12345678. As long as
the frequency line values are gated out on a high level,
i.e. occupy a large number of valid bits in a 32-bit data
word, the upper 32 bits of the actually 64-bit wide result
in the output register 14 are sufficiently accurate in
order to express the result and/or the square. The error
that is made when only the upper portion 14a is used rather
than the complete result amounts to only 0x000000003be%b080
in the case of Fig. 2a.

Fig. 2b shows the case of a small frequency line value in
the input registers 12a and 12b respectively, 1i.e.
0x00004321. Such frequency line values also occur, as, as

has already been noted, all frequency lines of at least one
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in the output register 14 are sufficiently accurate in

30 order to express the result and/or the square. The
error that is made when onl¥ t he upper portion 14a is
used rather than the conple 2 Tesult anounts to only
0x000000003be9b@BO in the case of Fig. 2a. 35 Fig. 2b
shows the case of a small frequency line value in the
ahdpm:qhgﬂm&brha&éaean@ldablrespequuﬁ@@téreand therefore

2 Cye | v s,alsqg Qceur,

tgéqgggg§a%ré§ een no{é% kFEngng ehcy T ri RESUSY gtsmall
nuaRet Grfe valil Qﬂkﬁcﬂ@h@nﬁéfbhavéaaagwgbdlogda||nge have

faghon angitihewefong Jypical Ie>éna A.a508 f e
afresina‘;tgfy%' ines occupy a small  nunber &;bu\r/ﬁ[?ledd B e case

bf te@ataCHordN6nI¥E L Ue®. RageuPReSEl2 bi'ts of the

oanphmtu@@ls%ercam Qﬁ)&ﬁ@@ ék@ﬂéEégthgbsqhBrﬁﬂ% GRSRI1? with
| ues, er 32 bits of

S frequenc¥ qi b1
SPE lcéﬁpﬁuta?% Tarér 1t ‘%OSH@WaE%BPes tﬁ@v§&€&rlﬁﬁc ine
enesgheswmbhfosmfhl@u@mmlaem@m@@yvaEM@ summgddran caflar, will

t§§¥@%€ SUQQ?%iguléfnq%%§¥% #&;gfgh§t5|ggal en@ 9 example

value, in pa ore Supply
ZPhEor MEACHT édultthe j late ¥ opoexaapbé Ibezepd1QMﬂmﬂ®dlmg will

rkBelkatier £odesecoOf hbhaiaudii1ergedimng Mﬁélexéﬁﬁyet TnFlg
zg reduced audio quality. ILn the exanple o
h

e UPper'BiSiti & r&FOPheOSUt?ﬁR IQ%ﬁgﬁﬁerrﬁBFFgﬁér will for
egrappke inodicaatee aa resiult of zero, while the actwall result

vhEaH! LouYal e Mfo%,g%%0%53%9%9g9023349482 15 In view

the exanples o it appears to be
necessary to first conS|der all 64 bits of the output

Ihegrll%twerofl‘]thé‘ §5<'Q1§§9é’§n5fprlfq(‘g%ss'2régsarﬁ she §tg'3@bears to
bgner% This woul d, however,” require nunerous
o

CHEY 2BP 6A1B5E RS IS5 a2 b8l ibiEs gpbr Ahpomsitput
regikté4- biltd dper angssequeht nfprogesspegst hef the signal

CEE Lo hado oIS B TR EO SR A cacea
64f-PéAch Fitghal orasrgyones val-ge |rpn¢1reatomrput weghstém -bit

%érbﬁd@?tuéhby @ 28 ngged ypoR! th%n MR RLKIERRL SR basic

irst be achieved by shifting a
requ?rements for an %fflClentglmplementatlon

If, however, the upper 32-bit portion of each signal energy
value in the output register 14 is actually to be used
only, an improvement may first be achieved by shifting all
frequency line values in a frequency group to the left by
the same number of bits prior to the squaring, by which the
results thus contains a larger number of valid bits in the
upper 32-bit portion of the 64-bit result, or by shifting
the result in the result register 14.

The upper portion 1l4a of each signal energy value could
then be converted into a logarithmic range by applying a
calculating wunit for the calculation of a logarithm
function to the respective upper portion l4a of the signal
energies. The calculating unit would only have to be
capable of taking the logarithm of a 32-bit fixed-point
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frequency line values in a frequency group to the left

by the sane nunber of bits prior to the squaring, by
which the results thus contains a | arger nunber of

valid bits in the 30 upper'3§5th portion of the

64-bit result, or by shifting the result in the

result register 14. The upper portion 14a of each
dsktgnatalerer gy atdeer coul dobttdien be Xbibder t dxedtpoant data
V%Qg@('ﬁﬂﬁlclgggg§tp% QRH! jQQl?W%%é?C%% %% E%n }%lealue X
for the calcufFation of a logarithmfunction to the
1pgepddia vealippery porbhdd Tka wf =t hkogi gnal64 enthgi é8inction

cBeseabul.atic iuniih 1M d (% N1avug 6 D& ; LaPAR)E Pfshous

aking the logarithmof a 32-bit fixed-point 12% _

thst SFHL0E i ¥ oFBer legasRfchmn fnptign ¥iedxpsi M, which
idalttahe vanlg. F8eelagariddunm ffurﬂlcgfug@ w@iu@Feaony§§ié§ltf@1ergy
value x. into t val ue..y, coul.d be y = 2 ,

V?ﬁgeﬁuﬁ%%ighe cgg?gkéo&Q%%Qﬂ?q%?qI?%E?ré%%ﬂéﬁ% Fﬁ@?e' the
s8alkhng. Baohby shoeks rtsheresectthem ofhéhesmalgbest hmossible
funetion Wth x &5 [ iWhigh i he on}-y3 rel eya

Vong%fo%'t e Enuéﬁg%%%ggﬁépﬂggergifu%aﬁﬁegiin ?EeWQHF l? at
lSESBitrﬁﬁﬁéaegoi%@rda&f@féﬂm). Hése, ¢peerscailieigpossible

ohaphier vh16d ensiyfess dihain thecsnasl esbnpossibl @ Malugively
.1.e. an energy_signal, value of 2-63 (1 bit is at 10 |,
lped§F3r§§§Fvé%ff§ X PG LPRECERVERELIPRR p&IEDl &F the

eoetrgyt vaguelr angkbueshi othiett eadeofrdamg- 160 the logarithm
f%%%ltlﬂtcﬁhv%lfyfi . tgea%g.sf%at eé’lf It?%eed'f)&lgy}' are 64-bit

representations, eveni energy SIb%%T egrues,
faseehpradesr diedgeso the | ogarithm function of Fig. 3
are taken the logarithmof, are 64-bit 15 fixed- point

alues. This procedure woul d, however, not be Ve%y
T8ABi SFREEOMF Cad’OY 1 HEPYRYE her "PE 0BBS¥PRY SPépsTgretory as
inhethedi Dueritedi ngrowvédimy arstaydi ooéncoder aldisi galoding
L g -hy S e th 2 _scal
P e LBy o (e T H  SAararopnd s by all
mgaaAPi fg veadthsy $aits easd hing hendctheaeforaothd shift to the

lefter iffgoW tihexactd i ddi $.880% SCALEBYsEfYel e accuracy
this point exactly, the effect of a positive property
wopldognERg fegRi wdter RS HldgaiithRars Sk 9Ad Siétled

above, the

At this point exactly, the effect of a positive property of
the taking of the logarithm is shown. As noted above, the
representation of the line energies is maximally accurate
by means of the prescribed shift to the left by for example
s bit positions in the frequency line and/or amplitude
domain, and/or by the scaling by an effective 22 in the
signal energy domain subject to said safety distance.
Temporarily, the number of shifts to the left performed in
this frequency group, i.e. the value s, must be noted. If
the signal energy value of the logarithm function shown in
Fig. 3, in the following referred to as LD64(), which was
calculated with such high accuracy, is now converted into
the logarithmic range - in the following sometimes referred
to as LD64 format - then same is still present with the

maximum possible accuracy. A shift to the left of the
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representation of the line energies is maximally

accurate by means of the prescribed shift to the left

by for exanple s bit p05|t|ons in the frequency Iline

and/or anplitude domain, and/or by the scaling by an

effective 22s in the 30 S|gnal ener gy domai n subj ect

to said safety distance. Tenporarily, the nunber of

fg@iqfut&indyo tieed eby pebfiar medy idibrtéléﬁorfr‘x]digquen(flbrgr%ple a

@l u J1ot the _signal_ energ

lIue 0 the ?ogarl b ?ﬁhc |%% %ﬂ%mﬁlgnaﬁ %Q lﬁﬁmyh the

lﬂW@aﬂOHW9M1k?9ﬂﬁkﬂhm§$tRﬁQ&EAIIﬂH) aﬁ%ﬂthﬂw&ss@&arlng, and

t@alscul At adi M t BosHEBLBhER %Qacuéﬂcy dd?t:{lﬁl{" GRNVErERd i e

into, the logarithmec range - In
1S5RS o drgtaed A5 & /b0 LORPTAPARES =t RBRI SaRe. i s
still present with the maxi num possible accuracy. A

hlft to the | ef % of the - 17 .frequency. lines b% 1 ,
Bﬁtoﬁgﬁfc6¥?e§68 §5%t o-1or %&xQipRd aScehifPe tit ke signal
drefrigileys 2 rbittse IIrD6t4he?c81'rrgrta| ey ¢ esubtrddeion i wedkK, 2*s/64

lL,oga ra after the squaring, and
uhlskgﬁ %E%%HE%?fegggﬁgs to d%g d%l?lo% o? 2?%55 i AT EhEously
HUesgaPPERRi cte arfde, st/ 6af = thy2022)64 s= EDE4ERAFY line

\ﬂaflu‘érsderTEQSr estie ddhieori ghpalescalddyy | Ho‘i:herec'étgﬁél in a
ener%) s in the LD64 format onlﬁ a subtraction wt

195 i Y efdBchRdV2 Wher BiLRSs 286 Resorfid 4QF t plei fted
qmrtewaws&cw].‘kﬂ botetk shafé vothhe bﬁﬁtftOftd ftelegrzolttjhts in the
e n I ubtractian,
ogthg%MF%%ue?“¥% gﬁ§ o§§g§ faEEEFg&§S §§enéufﬁﬁQf in the
Lpittds farandtostwhaiall orashvit bdbeogkplas neoulich behd hfollowing,

ﬁ%f%HOMﬁﬁbébéﬁﬁffoﬁotﬁgeﬂUﬁyﬂeﬂrhéf@hléffﬁﬁg ﬂn%gf audio

Thus, the signal energies are present In
AHEY: Q1| P Bé IBX G HREY n2bfe thel Issliengscaling
fiog: aduamu@@eausdémgﬁIvammmiher calculations in the
audi o encoder anyway, with a high accuracy and the
same scaling for all signal energy values. 20 After
Affe rafsdee alpogieu skiisem sefi arhe fprtihec ippd iess ignide sacvamht agiesntages

oof 1 eERRUIJTRUNE Of dihe e nt; he ;
ﬂdjownng, t he preferred enbod?ﬂ%ﬁ#gMg 1%%?%{gint in  the

éWFﬂﬂﬂ\M?WebepéﬁﬁﬁéFﬁgd|Q$Hﬁ4%ﬂ%ﬂt%et@fl Wihen  present

1m®$maabn will be explained in greater detail with respect
to Figs. 4-7.

Fig. 4 first shows. a schematic representation of an
apparatus suitable for calculating the sum of squares of a
group of N x-bit fixed-point values, while on the one hand
maintaining the dynamic range and on the other hand keeping
the hardware expenditure within reasonable limits. The

apparatus is based on the previous considerations.

The apparatus of Fig. 4, which is generally designated with
20, includes x-bit registers 22,, 22, ... 22y for storing
the N-bit fixed-point values, a sum-of-squares means 24 for
determining the sum of squares of values in the registers
22, - 22y in the non-logarithmic range, scaled by an
adjustable effective scaling factor, a first result
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to Figs. 4-7. 25 Fig. 4 first shows. a schematic
representation of an apparatus suitable for

cal cul ating the sum of squares of a group of N x-bit

fi xed- poi nt val ues, while onlBhe one hand maintaining

t he dynam c range and on the other hand keepi ng 30 the

har dwar e expenditure within reasonable Iimts. The
nﬂqxﬂuanu26sfbasédtchlhhetpﬁ£Vt@y@lCOBSI@m&ﬂs&mﬁbflgﬁhares

B ° e i P RO bReSEREERs oSy Y Shpmercing
ther motlithgin 3che heewabtt régxetiepoiit ivdlouahe a.D64 format,
a5 WB Q1P oM 15t 1.2?41' v 9h gSEeﬂg't%ﬁZﬁE%gt I%gxfillf@ q{Jht of the

squares of val ues e register
Wﬁﬁ?ﬁ(ﬁﬁﬁl?ﬁh%%grﬁh@e1QQﬁﬂk&?Mn2%m rgdfasiagl means 32 for

ﬂﬁﬂbﬁﬂﬂd@Eéﬂ&ﬂdﬁgréaékgingat%b“%eiéﬁ%hﬁ of8the result in
reglsggr 26 for Iatc@& he result of

t IS 4ann8‘dﬁ§uf50|reﬂél§ltler§ te for latching
tlk@gdmrtaﬂmr%&dlar aconveritd gt e b’}eauistcahﬁcﬁ&néeﬂfﬁstZ and

cro%g;r%tle %g'\éf 2%69 é\{] J'J%é %}qggmch gﬁgdgrf%&%:edf (;?,y the

register firng° t he resuf S
SEKiofg Sttve nesgare @ hm 28, l‘tésc@!‘ﬁ'tgsemeahs 3hd orescaling in

ﬂe%%%@'ﬂn@g Aedher seversidg dhensscakkB9n9hihhe Eﬁ?méommon
the result reglster 30, an output registe

% §§dﬁﬂn AGH& final result as it is output by
rescal i ng nmeans 32, and control means 36 ensuring

that t S ect ed m of - squar es

HF% gﬁ |g%9éverse %PWQ? %%% aP? 3 % 9PRALAFTRg20 have
hﬁ%ﬂuﬂ%ﬁ?rkhﬂﬂiutbher debpemiatiing tive Clemoneasdahi nf sums
Jfa“stcﬂfare%f tan it he 'd%ds'c\ﬁ:'l%é% 4P egfrgl ogflﬁd”,e wherein each

.apparatus 20 have = 15 been descri bed, t
&C4tliofhn Jisn i cartest itvn rersrasts veofa ngres wi l |
be described in the follow ng, wherein each

|nt ac ' n ted.by respective,arro

ASI read éjbgganaieb gon(%1 ndct I%‘e\(/jgl ﬁt:”s € 1 p3he §u\€5e& edY a[??b%ted
[E) er sum off syaess ageef ifrigts tprmserdnt nlnhehe registers
axgi-steps 1%21the22ﬁhhﬂzt@?xédbbblﬁkxeﬂaﬂﬁ 4t ﬁﬁfnﬁgs also

As has al so, previously been expl alne ese val ues,
Rﬂ%%ﬂ?%ﬁ%y peeen explalined, these iues, which may be
frequency line values, may clearly diverge from one another

with respect to the number of their valid bits.

The sum-of-squares means 24 now receives these values in
the registers 22, - 22y in order to subject same to a
creation of a sum of squares in such a manner that finally
a sum of squares of the values in the registers 22; - 22,
will be present in a fixed-point representation in the
register 26, scaled by an effective scaling factor
adjustable at least indirectly by control means 36. Here,
it is not absolutely necessary that the result register 26,
into which sum-of-squares means 24 writes the sum-of-
squares result, have 2X bits. Rather, it will be
sufficient, as 1is hinted at by the partial dashed-line

representation of the register 26, if the sum-of-squares
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frequency line values, may clearly diverge from one
another wth respect to the nunber of their valid
bits. 25 The sum of - squares means 24 now receives
these values in the registet® 221 - 22N in order to
subj ect sane to a creation of a sumof squares in
such a manner that finally a sumof squares of the

méahues4lBubb&lé@gbsbgbitzglxedaﬁgﬁ%%\Méﬂrégédﬂé¥¥ﬂﬁ of the
oi nt ?gggﬁintatlon in the register 26,

rSEﬁﬁgd B@eéﬁlefPéS dali ng *Fact or adjustable at

| east indirectly by control neans 36. Here, i s not
absqlut sapy.t reg :
gostion e gengsont ek S0t SeL EELSHELC R 1ot

SSBQéagar@§tre§9ltShﬁavehﬁw bistis - oRatslire reist  wilansbe 24  may
c§HEﬁH@ke@he %%dﬁiﬁ%J@é%ké% pﬂf&Pﬁa@ﬁéﬁ'@koga§%%QrBﬁn%eans

ﬁpesetatlono e regi ster 6,

3§u Ghat8sontpyt §€§n§C?4e§b§§ﬁPé§ dfytNQ:rengter 26,

aﬁdXQMmeﬂﬁtf@mrﬁésﬂEaBEO%dy déﬁérﬁﬁﬁ@'themﬁgéshﬂg factor
sibilit

e fol n t.wo po
{RRBEARRILY, gt ' Dad "Btk S M LOBR ok B wnien
themrefsudquairest ieanss2atmapgicorsi d ihessehbdnpgsuch that
nBaQEQEd'B&QE”@'&%”PEEOQBQQnB ol, 1eang, 36 in order to

out put the scale esult in the reglster 26, and how
control nmeans 36 may determ ne the scaling factor

Baeéarrmtlmbapdé@éd&hg efdfeqtiipte stal ¢ g E@Q%@r,po%\élblllty
10.the result in the esuli%éfglster

85%385 SO TR MEars i 3P bPEe ggEFeISQPtSVtS of the
reyesfteow. Based @Ayt hen poededi ng deeteirptinen, thde effective

SE5§§E p9§§hg'hhtgdvgggﬁlgh%ﬁth% n ro%v%%%q 3%ay ffﬁur by

analy2|ng the contents o reglsters
the crdhsequsidet evmnakl ohe odf fidra | geuscabi o Vateievhhues in

tﬁdVaﬁQﬁgﬁﬂﬁhstD@¥ hozoyer frih@w MyurECBECRY itdheno overflow
bsequent su tion of the squa es of the values in

bPhE FEFotRARS S 1N 23R SRS NSuICR GREhAT 179 ngnit of sum-
Oéveqﬁboaﬁ bietbs swerde ipraisertted niranF agldi 41 ehtcaBeul atri Bg the

Lkt O m ok ne | e |
LBkt Sy . o190} 248, AR AR SR Gy fe 1
WERHFBR dRdicgyd vagmeryscell that does definitely not offer

any overflow bits, as is the case for example with register
26. Therefore, control means 36 adjusts the scaling factor
information such in dependence of the number N and the
maximum number of free bits in the registers 22, - 224
and/or the maximum of x minus the number of the valid
positions of the individual values in the registers 22, -
22y that no overflow will occur in an output into the
register 26 and/or the result will not leave the value

range of -1 to 1 exclusively.

In particular, the control means 36 may, as has previously
been mentioned, adjust the effective scaling factor, by
which the result in the register 26 is scaled, via a common
scaling factor, which the sum-of-squares means 24 utilizes
to scale the register contents 22, - 22y at the very

beginning, i.e. prior to the squaring 40. In particular,
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witten into a nenory cell that does definitely not
offer any overflow bits, as is the case for exanple
with register 26. Therefore, control means 36 adjusts
the scaling factor 25 i nf orm@®i on such in dependence
of the nunber N and the maxi mum nunber of free bits
in the registers 221 - 22N and/or the maxi mum of X

tmenUScdirhﬁomunbeEaltht hefyeddd, pasitims obrtbeousiy been
Vld val ues in thgﬁ{ glsters 221 - 22N that no
0]

exgqafllngw ‘Wi TTY o CETF S5 Ppdt PAYBTt 1 36 r et stBpt the
ag@aang/ scatlheqgr edultthewivdlueat ilreate tdeeyivaldiss Zangezanmy

b@f aci"l %Qe;\]i %XCl u%'h\i%lty oger}:arﬁartl uI %r’ thef g[[ thlS case,

means may, as has previous| Seen cmenti on
lﬁmWRﬂlqhéOéfﬂEtth@ée§§akwngéﬁach@s HﬂﬁHSEthamhedh@bove,

thasuldhd NstifecFegdhahebs26nd hSCahedyqvi s acfiQ ermediate
scallng factor, which the sum of -squares neans 24

Il sesOtt otaRal BIrAEIPEgi st@r @bntldift s i vidpN atscaled

rEbés‘telrycohe@Inlﬁﬁl ngl, al 2& fﬂrxltef— nttheja&QaU@rdr&%éO id rder
artj.cular, conmon .scal i ng.factor, as .
gr evdl U8y vt y eenres >e<lp t aiHe hemaﬂ?eég# srr?&fostteor aggowerlather'

sph-2f-squenat tranad¥aneeuddaliargiofe theyvalitesiived-point

rEB%eE‘éQ'téE%% %?fl theZ%'}ltw% &%&C@%ﬂ:@%&%ﬁ“ 12,

gperation fo i's case
dawcerkyaryT %55H§§abé@ﬁ eéRpRairred aBaventermedite squaring

reg0u k- $Q@a¥e$2@3@ﬂ§l@§ add 88nhherkBlek M alf-of-squares
resu uarln O of the individual scal ed

m?gafs%zrlgo%FSnf It 5 ‘i xed-point data format, in
order to output the result in the result register 26;

ABQEHQE fagaﬁgq*EES%Q%@&?%gg?gksd%% ?Qﬁhqn.e%u%{e&m51derlng

I xe [ epres ion o0 Interms
tgauéﬂaﬁgW%xs ®sog2gould bg2Nunigf - stheammmpeann 38 first

sﬁbﬁ@&ﬁlab|ﬂwﬁf¥é6¥3@€§ sgHBERPY 2pesul bs 424 théZNquarlng

|elds t t of, sum uares neans 24

he reg?gfg EﬁBthéﬁ‘fﬁFgﬁ %ﬁbs%?B?¥Pt}“¢§Fmedlate
rdeuétﬂlmﬁng amchcmS|ﬂméiag fikedsgaliinng dacd ofownEkd Same
wQ@léumﬁgn S%Qargébg%?l@éd Z‘Eﬁfi rcﬁ% sSLHrQJ\ etthgnngB%heby sum-of-

regi ster cont ents tO. he squaril
squares means The resulting 2x flxed -point sum-of-
squares result would then be examined for the number of
unused bits and/or the difference between 2x and the number
of valid positions by control means 36 in order to have
performed a corresponding shift operation to the left by a
respective number of bits at this 2x-bit sum-of-squares
result by sum-of-squares means 24, before the latter enters
the result into the result register 26. The disadvantage in
this procedure compared to the one described first is that
the internal calculation expenditure in sum-of-squares
means 24 would be increased, as values 42, - 42y would have
to be processed with a word width of 2x, and in particular
would have to be subjected to the summation 38. For this,
either an addition calculating wunit with increased
performance capability is required, or else a y-bit fixed-
point data format addition calculatifig unit having an

allocated overflow bit must be controlled more often. With
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40 one after the other, in order to obtain
intermedi ate 20 results 421 - 42N in the 2x

fi xed-point data format. Sanme would then be subjected
to the summati on 38 by sun?o? squares neans 24. The
resulting 2x fixed-point sumof- squares result would
then be exam ned for the nunber of unused bits and/or

thhe dipbkernende tlyet meelm\-bfmatm nLﬂr[&bﬁfs 22 0f walid first

iLtians. b Qntr ans 36.in ord to ve ., .. .
Sg@? %rﬁg] a¥%g??esp5hd§ ﬁgﬁﬁt86§r %%ﬁi{E}Wtﬁ?q%ﬁ%dually
apg &heme§plsttdp/é&1m’m?er2>ofb3mtSlmd-tﬂsm'BnQXs@thare values 42,
_sugm of u r t f S ans
el e e e hHEe e PO e SRR P TRl o the
Sfégiisger f26LoThel tif eamvahPagect n B t koo tpodceduie 36  and

ot@pRar edmeo thhecgnatdescrd bed first is that the
i nternal cal cul ati on expenditure in sum of-squares

means 24 woul d be increased, as values 421 - 42N woul d

Ihawe enddad remocesaectivi 14 ﬁr@lﬁéda)ﬁﬁlgﬂ hmpﬁeiﬁéntéﬁdwhfﬁh X =
a ul ar, av be subjec N

RS A Wp f%4%1ebég% el?hE# %E 8% tylon2X positions.

sumat i’on
I@aﬁ@@ﬁaﬁwngm@@ﬁummmma|MMMﬁasedpqﬁﬁémmﬁmnaaplemented with

xcapabspi tyid s, r equied.: ¥ eh8Q R Yol b XQdaPcp@itplons is

data format addition calcul ating unit havin
PEFIEOEREE 36V 19V bi LN nliSE 1S UeorinDl reda nﬁ?‘en@fflém - 42y,

1VVt£l-wa%1 a%h|§o@@83kb|Bh&ingsuﬂh@f - SN 8% Me@NSafder the
uare the val.ues .in th registers 221 -

S?fﬁr 8|v%85ap% CLak§ tHET EPmiF 3d ehdesiqfiqr - Then, the
stimped-ipoi nits sgfifeetedl weshd2d werd2Nianmdh aﬁiek bhak. Here,

t%@alree(}ﬁﬁcerresyét t#GG0 cg'{l:}p &Qm}{dpggé gal out p%%gtl?lon The

information of the contr uni same
MeggSst BT 262 KiR%ant kb d@igmeritthmahne ithesr epeeéprybly also
conplregentkegosiithonss 24 bits, the register 26 has a

l ength of y = 2x positions. 10 In another enbodi nent,
which is preferably inplemented with x = 32 bits, a
Byogiedron pédudtd oaffeckipesiddainsng sfapeptor mete asumber of

v399R 83 tish jhhe pgayar uﬁQ &%§QSQ%§n§EA%% kﬁ?gﬂgdglé% almost

way as _soon as dufing t quaring or
op§ERILAY - bﬁ?wprl%ﬁet(W%ﬁQﬁlrﬁyﬁ ntekihe repgestlergarithm 28

rébenvekhet A6 spipmt | aN det ebbeekedrwhtBsanvE do dffom  the
of .X blts Fbr

register wherein, if necessary, the remaining bit
positions of a higher accuracy are discounted, and subjects
same to the LD64 format conversion discussed above with
respect to Fig. 3, 1n order to enter the result into the
register 30 in the z-bit fixed-point data format, wherein

preferably z = y, and preferably y = x.

The result in the result register 30 represents a scaled
logarithmic representation of the sum of squares of the
values 1in the registers 22, - 22y. The rescaling means 32
now reverses the scaling by subtracting from the scaled
value in the register 30 a correction value 44, which it
receives from control means 36. In the case of the LD64
format, the correction value, as previously mentioned,

amounts to LD64(s), wherein s be the effective scaling
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the register 26 thus only conprises y = x positions.
The neans for taking the |ogarithm may then
preferably also conprise x positions. 20 By neans of
the effective scaling factor¢2the nunber of wvalid
bits in the result register 26 may be adj usted al nost
optimally. Now, the neans for taking the |ogarithm 28

feectelrveﬁthhe:hmdw ttHd Xeth pA HguaLesenttd g dfliamidg ster
eqlster 26, wherein, if necessary, the remaining bit
25578

Ogltﬁgﬁs of a hlgher accuracy are discounted, and
subjects sane to the LD64 format conversion discussed

Tﬂ@o%%sﬁl%hJj!Q§Q§9to$€%§%g thétﬁeg9§E % pﬁntertﬁﬂf fixed-

result into the reqgi X &d-
Pd&Pé ﬁ@ﬂﬁaﬁonWWérénhr€§ﬁ@ﬂem@bm¢ap5-3¢ and preferably
= X. 30 The result in the result register 30

represents a scaled logarithmc representation of the
R§§ﬁ1r6fm§quﬁ?esnd?u te Falimeyh nOPﬁilﬁégl"ﬁ%rgl.Z?P of the

fAANL ibhe ofe s lrdT@ reanN$mbdd ifRM t MERIRS drites salid@&nt ion

t I f e scaled, 35 value in
w?é&%??e;a%6;q%%oggg%{gdﬁ Fval UBt%4, ﬁhlcﬁosﬁl%ﬁ§beiJ@§dware
ifupd geonatdlonednisy 365 bhOMheEcapes@ibl@elmbﬁémentation of
tE%rHQFpaEQ€u§0r5§CtFP val ug,, a§19ﬁﬁ¥i??3$3rgen§é8¥ The

anounts to s), erein’s ective sca
appaFatiige O4r F\M *h SwhiH ahé ss BRne adduardes ignatias with 60,

1heaubbsreghﬁiﬁ5ryzﬁﬁ)Sc§@@£@ﬂ mgbﬁsr€3U|%hh$tHh%nmeans 66,
20Ut e reqgister ﬁ% |g &he fi X
3

o SPRAL By Fisch REreF iy tRkBR 02,43 Bivider
7ﬂ0@@¢(ﬂﬂ$mmermasog|V6n &fl 1t heodflexctédn-off6aare connected

HrQ&ﬁﬁﬁﬁg. Qg{mﬁfﬁhogngh%ng t§2¢ N Epveg onamﬁihou% bus

going further Into a possible hard
OLnpt &fentat PERILEY. 1Btshbasea PossMekasi npfement/at indy be

igpletnke tappamatisrafd Goutd hay Shight by ﬁBEQ ¢t didspective
P h G aRAt R t Re600 orc] RS OA T rRNOmF A | Bngirb order to
ageanel8sh shid t regpaeainse 66aska. S@h&f&bdﬁle&i@ﬂﬁﬁeﬁ6 must
ebln th%gaﬁétBEbBBKér6¥lpf%é@§gfﬁﬁ x-bit fixed-point data
format operands. Among the modules 66 - 76, the modules 66
- 70 form sum-of-squares means 80, while the logarithm
taker 72 and the divider 74 combine to form means for
taking the logarithm 82.

Control means 64 1is for example program-controlled and
causes the sum-of-squares creation of values, which are
deposited in the x-bit fixed-point data format in the
memory 62 in the x-bit memory locations 84, ... 84y, to be
performed. The exact function of control means 64 is
discussed with respect to Fig. 6. Here, it is specifically
assumed that the x-bit fixed-point values in the memory
locations 84; - 84y are frequency line values of a frequency
group.

First, control means 100 examines the frequency line values

of the group in the memory locations 84, - 84y and adjusts a
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15 74 and a subtractor 76. Al nodules 62 - 76 are

connected in conmmunication with one another via, for

exanple, a bus or else a programinterface 78. Means

66 - 76 may be i nplenented £A Rar dwar e but may al so

in part be respective program codes perforned by

control neans 64 in order to 20 acconplish the

qoggpect isve ltiasks fathernodthes ﬁ?jusiﬁeﬁUStinea§hepn|YOO is
I f [ - bj i - poi_nt . dat .

P Gpar e BESE PPRLa bl aEBHEP b, i Basts of tne

wtpired 690d -tir® mbphngnnRBhbeguafesnmsans b8, pasitdons in

thiee hagswy t NPrat akgE 84,andghhe §b¥&gﬁﬁcé§l9on%5%%téﬁjusts
formneans for = 25 taking the logarithm82. " Contro .
CREanSOBYOT s G IdeanhR 6L BE odroan® c BpmEd] | @8 and seghses 2°.
mm@ﬁwﬁig/fel%quﬁé@@tﬁdﬁBagn!e@ﬂ30f64/a{aélg§?t@’?'aChsl?I?t t\/ﬁé_ue S,
sited in t x-bit fixed-poin ata. format in

e bP) TBIPPRSE e . S mERBRGTI ctat [ bRS. BFCTCE 2. The
g rotlo eanpeehoened.thEhevekact sf vacti‘oniof agonhtelrnal or
eir;(?%%a@ r‘e%fi.ls‘%' Sz"y‘ﬁﬁe‘%o"i‘ 4 trcﬁ]:}& ct to Fig. 6. Here,

is specificall assumed t ‘he x-bit fixed-point
values in the nmenory |ocations 841 - 84N are

IﬁrQﬂuﬁ&%kddéﬁt\@ﬁéﬁsl@i,ac&ﬁ€98§n§¥an§56gr9%%sé§r§ﬂrfting
caontrao nshﬁgo géam nes the frequency |ine val ues
[ h

a .
m@?ntsheé%?tg%ps t hE fefBRy eP6Ealiford B AT EMN boreptions 84,
-adj Lstwi tth 28hecdmenuescal | Nghd ackDiies The adjdsgAead itB the

O.s..ef . s has been expl ai,ned above, on ..
l%tﬁgcpba i S f)‘?l'fehégg%g%%gr% I\?Cacnod':cf]hneg m)t(ﬁi nGRBEPNpfSCaling
fastoad apic/ oo dihe @i fitn vatllve .menory | ocations 841 -

84N. Specifically, sane adjusts 5 the conmon scaling

factor to a power of 2, such as 25. Alternatively,
T80t rsdﬁe%]a%g 62 U5t 8eang hPf t thgNuEagseswihen Squarer 68
toorgespendsatio vhtueomDR hecaldntg f ad@it 25ns THe, - 84, and

(ST TS I %Y ALKE B0 P B LR o ene
regpseGuenst memey vloRcatomt o 4imeafdy 64Tbausgsashicf 6isng s for
eHRARI 66ty Shif i dhe Gt Scofic EHE RBARLY 1hACUIiRNS the
r%spective value to be squared from one of the memory
locations 84, - 84y into both x-but multiplicand registers
of the multiplier. The squarer may internally include for
example a 2x-bit result register, wherein control means o4,
however, makes sure that only the upper half, i.e. an x-bit
fixed-point squaring value, is written back into the
respective memory location 84; - 84y. Alternatively, the
squarer calculates only one x-bit representation in advance

and therefore has only one x-bit output register.

After that, in a step 106, control means 64 creates a sum
across all contents of the memory positions 84; - 84y by
means of the summer 70. It may begin with the sum of the
first two values and writes the result into an x-bit sum
register 86 in the x-bit fixed-point data format. After
wards, control means 64 might use the summer 70 in order to

add the value with the memory position 86 to the subsequent
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- 84N with the frequency |ine values of the group to

the left by s bit positions according to the comon
scaling 15 factor and/or the shift value. In a step

104, control means 64 then céatises the squarer 68 to
square each value in the nenory |ocations 841 - 84N

and to wite the upper half of the 2x-bit result back

viante st h@géO_dﬁ?dleCth\ée @Flﬁ@fy Arﬂﬁab:v_@@w%\%ﬁ- 84dh Thevious
squar er is for _ex .a i plier, erein. |

V@%Hter ot" nggﬁs 0% T i ?ggafﬁtgnn}geép@&ﬁvet%l GESHthag sum.

Adgeamned ifiedm, omerdfratlhenaweroryd thagahakas s842 th834Nthe sum

Nt o X= tigdi d i.sters ..af the

lr?ulvﬁlgﬁ%r.lgﬁé gggaroglr tcn% Iln%{?\grk%al oy%l’lt%c rlusde84%’or 2854” and

agchmplle te 2khire -resul t regi ster, wherein control

nmeans 64, however, makes sure that only the upper

hal f, i.e. aq -bit fixed-point squaring value, is

L i @t erf “6&Rck iory%?t'o CRE L IPds pdEEinFe oy aloc N wdrs  the

log84NthAl tterkeat inelts tdiee sxq@amga@a’cgml ﬁtfesth@nlsmﬁprie] the
-bit representation in_advan and .t here e has , .

m)c%m%f Yo%é’% )?-%k%iotn %l?t’ pG % é‘gi%&re%%a&f &@re tCHzi’tl,J%%Q{f dtepgiivide

thes reconiitr dy nebnsTitel trneatmsdaaseanreaciossrfaldhe logarithm

tG@REENyS of st h&, MenDry, QS {1.9Rs 8415 §4N, by mﬁ%QS emory

the the 35

of the summer 70. It y begin wth sum o o
locpdti opwg &ral @i8s 1end ot i t¥aMphe tBsulresyitto ah kheitdivider

79UMIf eghst eriv88oin tdheaXgoivlerf i ¥xed2poivte dat @i flOFMati11 be
iﬁftlegn \@ardds, cont.roll mﬁn% 64--m’m%ht use the sumer 70
& -STEE Co @ Sadd S8 1FalPid Witd & Yermory position 86
to the subsequent - 24 values one after the other and

ARYRACLLE CQEloPreyhousy valdfed N LG JBIN Y GEaliAh  che
86 wth the resulting sum Fernative y, contr ol
lpgand thm rekeamales silte swatof heasanesi ¢ swtihetrefdngt resent

iene hef meh® riemeich tResi BisoNI 84l st BAN18Nd the control means
" ccurg.(l)l at ed ttherc%. Iln a step 108, cggttr:ol ngans 64f h
t &N RSt G e quegasr‘fkf taker 192 P 0o SURk& aCHe trom the
viadger iitrthntlod mémosymlbnathen mEnorwhiaccat s odi86dedndnd the
I tkh i wider. 7 divid th Lt . by
R o ol S e Onf thoihst | BRbERHEhe Yon tne
sicglingr ERghRpre Switterebhadk i ABSChhelfbnory.e. the value

2*s/64.

After preferred embodiments of the present invention have
been described above with respect to Figs. 4 - 6, in the
following an embodiment for an audio encoder is discussed,
in which an apparatus according to these embodiments is

implemented.

The audio encoder of Fig. 7, which is generally designated
with 150, includes transformation means 152, group energy
calculation means 154 and a code stream generator 156,
which are connected in series between an input 158 and an
output 160 of the encoder 150. The code stream generator
156 uses a psychoacoustic model 162 in order to give off
irrelevance information for example from an audio signal

164 to be encoded and present at the input 158, the
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| ocation 86, as is for exanple the result of the

divider 74. If the divisor is a power of 2, the

divider will be inplenmented as a sinple shifting

means. 15 After the step 1082°a-scal ed representation

with the |logarithmtaken of the sumof squares is
therefore present in the nenory |location 86. In a
dSBEpn&éOpfth&uﬁﬂntmwlyneam?ht&beﬁﬁfggﬁ;i?gtayqt?ﬁ&@%ts the

r r. 76 to subtract omt val ue in e

a?ré?r%rsqq#aglcla \?or?%%gh%\hiecrhcq ecgwi giag@d e he Cutput at the
oupguki fhmh. o lhioclyhi svatakemwra val Begdependentccond e that
taealbog %%9%%&1%éﬂé¥§¥5fn1£@t§g.%gﬁ 1€t NE A MG ot on

2*s/64. 25 After” preferred enbo |nenps.of the present
MEAYENtiSTen MaveC WeaRdedkefbedcabevdaiioh mesgect 156 via a
fEe@Bac# pabh.in the follow ng an enbodi ment for an

audi o encoder is discussed, in which an apparatus

according to these enbodinents is inplenented. 30 The
Thediamdeaic asteyn 0f Esg.pkesdﬂuﬁthtgenanqhgz Uesi geathdsent

.t 1 ncl udes transformation neans roup .

Bk ey O oF T SUhERE rt AR 4 Sotel e dites, wnicn
wgtfer&rerl eth6y 1 tinwha ¢ lp rade teommiectceds amp seng es rbguiween. The

a@8ibNPsHgd>B agh aRa35 eULPUL, R0, OF Jhe gaceder 1R0.. ooy

The code stream generator 156 uses a psychoacoustic
EAoHRF - 165 LR 4er 1t Yivesb¥rali iperepgreented as plotted

agaf osmatdier for exerelie ftiom aBraudae Sd.gnal repbdstAts the

e nd esent at the input 158, the - 25
a@?%?gﬁgg %f§ﬁh?§él§ﬁF§YsPP¢ﬁFry or not at all affects
the audio quality of the encoded data stream out put

TAEnt he raQutRYhal88n %IJH§KH5fOEr§H9¥Qrﬁglgégigﬁdibtsignal

coul d be that the code stream generafor _
ledupred fo tifgnsiasiafatioiP 52 nBRASLI82 sRNES Hrowscomposing
teaer gydeal culighbon means 1454 viiasa speedback Rt ithents.

U, P aby Lo BEEnctt o e AL, SR PRl cany
cahptht of an analysis filter bank having 32 band-pass
filters. More precisely, transformation means 152
decomposes the audio signal 164 into spectral components
section by section. The sections or frames 166, for which
the spectral decomposition is effected, overlap in time by
for example 50 %. In each spectral component, a spectral
value and/or frequency line value is created for each
successive frame, which is illustrated by means of dots in
the Spectrogram 168 generated by transformation means 152.
This way, a frequency line from a sequence of frequency
line values is created per spectral component, wherein the
frequency lines are indicated at 168 with horizontal
arrows, which are visually split up in frequency line
values for the three indicated frames 166 only. In the
spectogram 168, an arbitrary number of frequency lines is
arranged along the spectral axis or frequency axis f,
whereas, however, the actual number of frequency lines will
be larger.
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10 were sanpled with a predeterm ned sanpling
frequency. The audio signal 164 nmay for exanple be
present in a PCM format. At 164, the audio signal is
represented as plotted agaiASt-time t, wherein the
vertical axis represents the anplltude Ain arbitrary
units. 15 Then, transformati on neans 152 transforns

Bbhedaudi0t5eg@ﬁbct&§4aﬁrmm&iﬁhm@ éﬂ@gﬁeﬁntQh@ code stream

ectral ¥ jdeco nal 164
FRESRY LRt PhL CoRETPERER & TPARCPBFmtToh Abdgam. To
th32 mmﬂﬁ(ﬁh&»@w¢¢esSpeamfgeabkyt@@ démsideie 0f rdwever, not

o%”axllé@'%ﬂ é; ?gﬁkrga“ﬂr{ég gé Q@Qgipiqiezconﬁoé<£51tlon of all

More precis ansft or nat i oses
Spﬁeté@d|§QﬂRﬁﬂﬂntﬁﬁlR&ﬁmﬁepebheaﬁreqnponenﬂsnaaﬂﬁn@nspl1t

uBy as;eeﬂdamg The ﬁ@f&h&é‘@o@étﬂ:aggﬁeé@@ iheb Wil filbs Jgﬁo

spectra deconposition is effected, overlap in
155 1nght k£P§Gn% lesy each spectral conponent, a
spectral value and/or frequency line value is created

r C essive whi is illustrat
F RO of ST e IR Dr etk S b ol by the code
sttrrgast gremettiade nedts rkb2.spekhi Sl amlyly ardqeiquencyf ot neach of
thieon gx Reslugree Oézhé‘rggg'agﬁﬁtég ls'l \{Lal YRSy ? Q/raq.%t ed ; o,

her spectral component erern %t equen
thee sudidatseadie s 6 vilen arﬁfti?r]ilztd%ﬁ%lvalaﬁsovvsl em.tz:me sum of

safu@ r'éiss il Itylespjﬂetqd@dyw firRquenGyed i ne val ues for
the three-indicated frames 166 only. In the _
spectogram 168, an arbitrary nunber of frequency I|ines

Tms3%£&ﬂ¢wﬁqﬁmbmlmagpehéammadrby gxbspoknfereguetyculation
s fy54 Whege r, the f

mééeﬁuéﬁﬁq ?%egﬁ%fpﬁg%%g t%&gerﬁﬁkﬁg6eH§P§gdf% tﬁ?Ch group
ec?égr%ﬁ?ﬂesnﬁhuslemeateﬁS tte coden spfeaffiuares of the

fge@elrealtc@r 1115@sw| |th&@le Frodheepdead datn std®ameans 154
this en ream generat or..156 does

1ﬁoﬁ%véf”< e | $O?éﬁg y&S ralarfelPhEigfect Q“d 5 and/or
f@@@ﬂnmmataandqﬁcmmbeﬁ bpeEtgal ¢ompénemthe. deatlar ,of group

e%QQ'&f689f88¥a£i8§5n@ﬁﬁu?pHSE J%p §§§gégbgg 1072 of signal
psyc oacoustlc aspects I nto gro
energy values, 1i.e. one sequence 172 per group 170.

Therefore, the signal energy sequences 172 have one signal
energy value per frame 166, which is illustrated along the

arrows 172 by means of a dot.

Based on these sequences 172 of signal energy values, the
code stream generator 156 then generates the encoded data
stream 160 on the basis of the psychoacoustic model 162.
Here, one advantage 1in the reprocessing of the signal
energy values in means 156 is not only the values being
present in a fixed-point data format having the same number
of bits as frequency line values were present, but also the
values being present in the logarithmic range, as this
range enables simpler execution of multiplications,
exponentiations and divisions, as these calculating
operations transfer into simpler additions/subtractions and

multiplications/divisions in the logarithmic range.
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is indicated by circles. For the code stream
generation for each group 170, the code 10 stream
generator 156 nOM/specificaII% requires, for each of
the frames 166, the associate signal energy val ue,
i.e. the sumof squares of the anplitude values, i.e.
the sumof squares of the frequency |ine values. 15
This cal culation is performed by group energy

Iﬁalgyﬁé% Q% qQQQ§t¥%%el7ghgslCu'@%§%%%?ﬁ| ngétheof the .

ener or each freque
e§&ﬁﬂ§ﬁ 8dudies dfOvﬁ@UtﬁﬂQQUQMCWHHGuﬁataM&hnamngroup
energy cal cul ation neans 154 is for exanple
onfigured as shown in Figs. 4 and 5 and/or 20
gﬁnc"’c?‘ﬁrﬁ% §5Cqe8er itedfitA-Fiysisa fom, expmPReswnt YPEG AAC

egmdpr enehgytnabcu&@@épn m@nscé@él l§t1.8@éwe dfttor 156
uence 1 per

nal al ue
gr%ﬁdgfﬂfi ¥Qﬁe éFgFgraﬁhen%+§%aP Hé Gy SERflRHe eslT7?thh
thave cone sisgnaam enprrggratadrie peé fpanﬁotﬁ@ whi cRefifS cient

cthH§EE§B§do§|Q g %ngraggnce?%%%gl7% nean ﬁbr&%s module

Based on t ese se Signal”
iDal BasticHéarcoperépraam gensrdicorl at3®nt hen tgenertat esignal

ehBegengodgy @ﬁt@hesﬁﬁ?ﬁﬁ7ﬁ6g ary Y&  bag]i ofad NBe. effected
m?ﬁ choacogetlc del 30 Fbre one advantage

gcessi f the siPgrarl (ﬂﬁﬂ%ﬁg%%ﬁuege%%gneaﬁs the
lQ@Grushmmt OhimmamelmmMueSabehng ipr asesd by agroup enerqgy

%hé@gagg HtﬁggﬁéffgﬁatTR?V&ﬁ% %Qﬁi agg%gﬁgP%uFagFg&ates X

requen ne varl ués "were .
iphe LRf{ies LEilff fifesent 1h t hhdrsgar i ahrie bangediaste a

shhifs 3 e&@@ggne@@bk%% %hﬂﬂh?roﬁx@ﬁ@tbﬁgrgﬁd on the left-
nmul exponenti ati ons and d|V|S|ons

ti
h?ﬂg p@ﬁl a. %gnu %?aplSﬁskﬁﬁéhs?%rthﬁtélghﬁphéﬂd side,
wheldeesoigl@ubt F adtel oms amwennﬂtf@httﬁbmomﬁid?VéSu@@%rlthm
I i hm_¢ 4 g I.n order _to
fhﬂfgbggo%g? e? tﬁgdcase &F% X %ﬁ%o%é?“%i Bl'gr oy ‘i in
tBat ptaga higt am SPEG dat éogtma@am as THe awsdi ouepebddry ofgroup

eEélgy7cb§cﬁQétﬁéﬂnﬁegn§nlyEEG“éACI”e@ﬂ%qg& r%nd%$ﬁ§nates a
%fgﬁp t he de stream generator 156 inclu es a

or Al ‘?sé”éﬁﬁblﬁg) fodbl e, iWhih cHrorresponds to a

division by 2. The division by 2, as it is effected in the
logarithmic range, corresponds to a square root in the
linear range. The minus sign corresponds to the inverse
function 1/x in the linear range. The calculation of the
LD64™' function may be realized with less complexity than
calculating the root of and inverting the result, which
would be required if the signal energies were fed to the

code stream generator 156 in the linear range.

The code stream generator 156 could also generate an
encoded MPEG 4 AAC data stream and would then include a PNS
(perceptual noise substitution) module. The PNS module
internally calculates the distance between the listening
threshold and the signal energy in a frequency group 170.
The PNS module specifically determines, by means of the

distance between listening threshold and signal energy, if
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the code stream generator 156 perfornms an efficient

cal cul ation of the energy-weighted spectrum The TNS
nmodul e 10 in particular perfornms a calculation with

the signal energies SE of tK& fype x = 1/ SE. This

may be effected nore easily with the signal energies
being in the logarithmc format LD64, as it is used
abwog’LrS@ugsxmserigwtiaai oA atdorseand b 4pe Aherildds. rTDdeHlBarger

| Y-cal culate I nt 4_ E, >>
Sl e et otals 1 Ak CEPO4-5>> Hoarisimic
rﬁpgmse@ftatth@rbmm @chnatheem@fqlemm tsmeise Pye thetput by
grwr%er eh g \Pi ts 1, the i grlSnf‘@ndlﬂ de'anﬂmeifl'?@s listening

be an inverse function of the |ogarith
ﬁéﬁ‘iO&ﬁiSLDetﬂa) FHE LB BE DECTHES ghal @i@rglyogarlthmlc
r\e@lrteesemaladmemb@ganht hNec ¢d%4 §OFaBh, gaselrhitbs 156, are

t put ener al. cul ati on nea 154. ">> 1"
tuefgfo?% %%%? nat@?“g)é %Mgﬁpqc)t?% rléﬁ? by CPHiect  PNS
deftiegimicertriespondls traraididdrsi oinby 2cofdeedtsy i Suarthyn in
E%eEﬁNétmgﬁufgfegglevfsiggtak89%£|£ggllInﬁngﬁatlon in the

corres gar “range
frrd fthus i GPEEONVPBSpoTRR teaulte iwhestrese FEinct§fsh and SE3

albleX kRghhe | tRgagieangsutdhe Qﬁ}C@&%hFOHeQErbbe calculatlon
LD64 1&g?nct on gay be realized with [ess conpl exit

y
¢ OBRE LLHBY S frﬁﬂae?‘ﬁ%f“f}ﬂ@ torfe the” signal
eme&wbt,fmblbhtamesldnbe saequleedtées Hﬂﬁiﬁl@@ﬁ&ulatlon to a

[ e f 0 0 de eam gener at or
l%%%%ﬁegﬁfﬁggr :§gd% f%%%l% bleCt re%ﬁ#gene or]{BG COde
stasled A pdvar At 6 army erroten NPEG mam@latcan s f erDﬁél_Y,

iard wauld jtthemd rﬁ-‘déflﬁefcﬁ:n%\is dpPerLepiual i ipi following:

substitution) nodul e. The PNS rmodul'e 35 internally
cal cul ates the distance betmeen the listening

htrdeshel d.oeedd SHie si QIad6 LRy iTDed fIEmuencyl )gr oup

170. The PNS nodul e specifically deternines, by neans

of the distance between |istening threshold and

whiegiedin eneeHySEF f be Zde alewpskthmbst repreeantagion of the

rekeelcd ike perfarmednd, |%ra§1%re dypam s apd yel éhggut by
accuracy of t e laogarit representation of th

IOy alS ETEYg it 9¥Q%Qﬁﬂﬁzﬂ%?Qﬁnkﬁﬁ by group energy

calculation unit 154, and the listening

The code stream generator 156 may for example also comprise
a center/side stereo module performing a center/side
encoding decision. In this CS module, numerous divisions
are calculated, i.e. from 1listening threshold to signal
enerqgy, for the decision whether a center/side (CS)
encoding 1is to be used or not. By the use of the LD64
format, as it is output by group energy calculation means
154, these divisions transfer into simple subtractions. The
thresholds, as of which an CS encoding is to be used, are
constant and may therefore be converted into the
logarithmic range already in the source code, whereby no
further calculation time 1is required in addition to the
program runtime. This applies to many more constants used
in the modified <code in connection with the LD64

calculations. The above-mentioned in particular also
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5 thresholds that are also provided in the |logarithmc
representation LD64 in the code stream generator 156,

are the essential contribution to the correct PNS
determination. In particular?9iﬁ a coherence function

in the PNS nodule, a division and a root cal cul ation

in the 10 formof Y = (SE1/ SE2 SE3) occur, wherein

aPEl ieSE2 andhSE3ntaneisiygizale rene g @Sl OUs PULNDY PO U yer-3
o8NangY sl g, ation means 154. The |ogarithmc
representation of the signal energy facilitates and
accelerates this calculation to a |arge extent.

Tﬁ@e@daéxﬂéﬁ?aﬂiﬁ%&@ﬁ%@@ﬁ“i GiHaPh?UQqurlgpﬁ%Eg}@;F scale

ener at or 6 may performthe cafculation

fRc&orofe sy ime totfe UBd4 Hedthratns 1y c@dleiagtiong afher loudness.

Tholthewisk@le lHR4OF =dd6htR], wHildHE4 $2 tAdiA SEIcated
.>> 1), 20 wherein %Eﬁ4_8€# Ee the logarithmc

1Pefr Mt O JFOTHES PEsPBRt FPECs PRSP AENGY AF&ITud 56, 2
cSE#ulag iion iof attepuiounth groaup chertgy ldalteididld Athresholds,
.mgans, 154. Cc tr gener a 156 .may for

lggé §1e§§f§ggggn%%ﬁ§§la§g%§'cgh e%?g?%ée%teﬁéoﬁﬁﬂﬁﬁﬁfntlng
ther f bt prAglagcdmes o e bencodeng deti ei ohoganithnsc data

f@gmﬁquﬁﬁe.nuﬂﬁ¥QU§6ﬂ}Vt§é°8§lc§ﬁ§t§@h°8kakﬁ?s'fd%rth root
fromlistening threshold to signal energy, for the.
Mgci oﬂeﬁEQF EF &< eht eFFEFURNEES) DYentHtRy Fhifsipe the
logad iahmiat .m&ynt hé rese ook st lhﬁo lLBﬁé 30§ mBY;, ABSpblits. The
[ tput graup, energy .cal cul ati on neans 154,
rﬁﬁggéedi$FS|dnslffﬁnsf%} iﬁﬁ%éiﬁtﬁﬁfb §Hbt9actf5ﬁ%.‘ﬁ#ﬁ? be
PelEesReldds,n @ wfrwhs ohp b \CHy epgodi Rgifs to beeudedt by 2
pakeg_  constant and may therefore be converted into the
| ogarithm c range already in the source code, whereby
no 35 further calculation tine is required in addition
Iho thiee sqarlagr e tremnt éseimdtbs appkhes cb@eN@ry el &enerator

16@nstang sy inthe nodified code in connectio
W th ?ﬂe L%%ﬁ r%aﬁfﬁﬁa.g%%%ieTﬁ% %%gg%fﬁ%h??oﬁ’d Pﬂe scale
fpatLeir6ulEiF al senst 2out appl pepans the tneensihyigsheérnen step
wiadul, e afayan gPEG hayarstdq ofs ARC Q@l%odﬁ{o-di-@l%qcoqelstening
tream generator 156 may further conprise a scale
thresholds LT and the signal energies SE. The calculation
includes a calculation step of the type SCF = log(k*LT/SE),
wherein log() be a common logarithm and k be a constant.
This calculation may be achieved very elegantly and
efficiently by the wuse of the 1LD64 format and a
corresponding conversion of the original formula. The scale
factor estimator would perform the calculation specifically

as such: SCF = log(k) + log2*64* (LD64 LT - LD64 SE).

The above examples of possible modules within the code
stream generator 156 show that the use of the logarithmic
data format LD64 facilitates an increase in efficiency on
fixed-point processors. The logarithmic data format LD64 in
many cases all but makes the implementation of an audio
codec with high audio quality on these platforms possible,

if a certain audio quality is not to be fallen short of.
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5 factor estimator that perforns a calculation of a

| oudness. In the scale factor estimator, which is for
exanple located in a quantizing nodule of the code
stream generator 156, a calé®lation of the fourth
root of the listening thresholds, i.e. a |oudness
calculation, is effected. By representing 10 the

Thies taiviey e amgslhad df by peassbDé AacHa@aki iAmMthadatdde stream
he LD64, the ca culgtkgn of .this fourth
e

r IS = W | .
BTt 155 pT (ST hetC VET 5 SR PTEReilRy GyPesi A §F Sentat ton

ofhi the ngighel |oyardidwi cliséarnthgestintelshebds hand ghtrther
I & e feyer eR, il € I V. i by, 4
eﬁf;%ngoé%%g€5Jﬁér%oﬁﬁgﬁﬁﬁﬁpgufér9a§?np ég&%; gg aQXtrem?ly
APRITPP G tehe d%f tNbfhg MBiacesging hef sthfe Sfigntadrs energies
2@t | MetHerfing heriwogenstdeam @gger ak@n cula®ion steps are
furthernmore for exanpl$ a chcuIatlon of the scale 20
Pfeéé%%dscg,y CBRREFt R nG adPYrcioR tRE JUAREiRAIFBRION. A

ddtveys iwindt hhemayolte cakenkated finaothe nedbfredtion and a

ihst.eni. thre | ds LT the signal. energies, SE. -.
n#ﬁzgggf%%Féfﬁbnﬁyﬁﬁhlﬁéés%g%&ﬁ%ﬁﬂ%uiéh%éﬁeﬂé%ﬁu%%% tnoan
etff3€ 1SOE = NepgEleenT/eSEpn  wnet einrdasgs ey a @bnmore  signal

er@adfiitshm and 1 ksbenangonstaidn. 128 EBS&Q@'QH%?&i%%ég@ér by

T
be achi eved very_ elegantly and efficiently t he use
M§PShe CED6 AN Eor tat UahB2 Bedcot Pe_pbRATAG cdnbver sfermat. The
stifq;elaarighé&bié@rhrﬂ,thaith'é:‘lelSﬁélaQ f@f@@rlf:i&té.natiw ﬁhe non-

I rformthe calculatiaon ecific y._as_ such: _.
lg%ériﬁ g‘d(:k)raﬂg|edgf‘k‘§4*fe€fﬁ§z?”ﬁ’%°-c bed SsEraFot el fixed-
Paioe @xbapllasrmgft powbiibhe mdslulaesveiltiki nrdmgecade -1.0 to
9t eaogener at or 156 show that the use of the

logarithmic data format LD64 facilitates an increase
in efficiency on fixed-point processors. The

Ilnogafétb]HbCed&tn@oﬁan@&ﬁ:sLD?ﬂ wgsgitmmy td@aStQSe alﬁlaﬁbgt of 2,
kes the inpl ntation of an audi caodec wit [ :
tg%dﬁggc?ﬁalltih?r}; dglng%tlﬁesep'plwa?tsf &Sﬁs&poro&iaoﬁeo,gaﬁ Fthp dflis, a
sé@nedi wraudiyo vgdale ©f i0s 2otint ¢ hee Ifialdaen rshoye @frresponds
t%oaﬁThﬁ)aQ9Y§ee5§npbesAfQﬁ@ﬁﬁ§§|$ﬂé& dygfﬁe|85t%§3 in the
code stream generator 156 1 n particul ar showed that
lﬁﬁ@ageﬁgggght%@;E%sponds to an LD value of -1.7369656. As

on a fixed-point processor, typically either integer values
or else fractional values, but no mixed values, may be
represented, in the preceding embodiments, the LD values
were scaled such in the context of the LD64 format that
only fractional values are obtained. Of course, another
possibility would be to choose the scaling such that only
integer values are obtained. A scaling with a factor 1/64
was specifically chosen, as this factor is applicable to
all word widths up to 64 bits and therefore also covers the
conventional word widths of 48 bits and 32 bits. The
calculation of the logarithm dualis scaled with 1/64, i.e.
the LD64 format, is performed according to the formula y =
log;(x)/64 = LD64(x). In renouncement of the extended
portability, this factor could of course also be increased,
i.e. up to 1/y, wherein y be the number of bits of the

scaled sum of squares with the logarithm not taken.
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of the signal energies, listening thresholds and _
further energy values in a logarithmc data format is
extrenely 5 appropriate, as in the processing of the
signal's energies and |istanPhg threshol ds, nost

cal cul ation steps are perforned by neans of a

division or nmultiplication. A division therefore
transfers into a subtraction and a nulgip#}cation

i;nt 0 <a i tian ults in.an 10 efficient

i g rgsgnt%g’% totﬁl%a (f\gg)r ocefggtlshr?g TH9AHE G it iy Jigke, the
Cﬁﬁdapﬁ§ﬁéﬁtngsthre§holdbeln dngaundtbmenchaect byn nNeems be

rekolhe zkl, usthated EQQark%Eﬂhﬁnﬂat%_for”%Fln1$h S ixed-point

nal energies in the linear range, i.e
rFB%&PPPﬁﬁ]téOPan@@tuaiéYr M Esertrefduratite f Laptitonahlues x

(Eilxedrlbopoi.ob @&tf@ﬁsoﬁa”@tnea\&@rcrhdﬂﬁfera o\fald!fcsﬂ@;%lqres Y,
ey odl nen

-1 Oto \;
i Boart SRALTET RESoabitd OB 35 R oG TN FAT S L pyh i ch,
awas hesedird nlargegat nt agduahids, a . &0 él@ﬁﬁf eaer—gyED are
I [ Ilnear range corresponds to an
té% 5203% q%%éa gc&%&ﬁ ener gy vaghﬁegfpﬁl b feRfesentation.
AFFﬁéé#“@aMﬂaQﬁﬁr@b@@ﬁdgmb@dameblsvmaxﬂmﬁs £ 7368676 cy in

thAs cancalhbicxed- RA i JHLCESSOF i d p(}/f?gkytgl tttfll%r tran51tlon
ues .or else fractiona ues

i nt ege

lﬁF?egtgﬁlungaﬁh§ %éCZSr?%%?es%ﬁfedaV?¥ﬂQ%e‘ﬁfed@&?n@ommon

seabodignefistotheaddy vl ugte \WRIthosCakBErsUCRaiflet NErior to
q of the LD64 format that only fractional

é Pues are obtained. O course, another possibility

woul d be to choose the scaling such that only integer

THal WD RIiGML abpedi A sfakin e‘ﬁﬂo%g %Jﬁcésoént]% 6403%ncoder

was specifically chosen, as t acto i cable
u?b”gaﬂ %&ﬁ%?@wﬂ¥h§vﬁﬁlﬂ?qi§QﬁkQ9zﬁ@ﬂ@hbﬁ@ﬁb@edatgoformat

inovens kﬁ@thﬁﬂnﬁﬂﬁﬂﬂﬂahFMQﬁd ﬂthb%tg{ngajFitﬁﬁ?ﬁiﬁ?%tlon
I t ogarithmdualis_s

mobRe FBY, i e e e Y PO bifedt TR signal

eaéé@ﬁﬁlsngntjoltlﬁéefrurrml‘fdlgeﬁuﬁﬁidogm(x)a%ﬂo beDGEE)rs t ood,

hbﬂeb@ﬂouﬁﬁgﬁeﬁheogbbb% eéE%QQEQ1OBOE%aQ§|'ﬁ%@a&q%%nidualls

cto could of course al so i ncr
a&% e 77 LBt B tunbéh 4 ofl shi ersl v anheexasrzraueed In any

casa1oft5ﬂua1@§aﬁuﬁ$mi@e tapedsd BN t akBres to achieve
faster execution of numerous calculations, such as in the
center/side decision module and the scale factor estimator
of the quantization module, because, as has been explained,
by the use of the logarithmic format, the divisions
originally present there transfer into simple subtractions,
which can be performed many times faster on a fixed~point
processor. The same applies to root calculations, such as
the calculation of a square root, a fourth root etc., which
transfer into simple shifts to the right. The calculation
expenditure to be taken for the transfer into the
logarithmic range is by far compensated for by the speed
gain in the later steps of the algorithm. Therefore, the
advantages of the above embodiments specifically are the

higher accuracy of the values represented logarithmically
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- 31 Fig. 3 shows the graph of the logarithm

function. Here, the characteristics of the logarithm

functi on can be recognized, &hlch for smaller, i.e.

in a fixed-point 5 representé ion actually nore

i naccurate, input values x (closer to 0.0) offers a

greater nunber of output values y, i.e. a smaller

asesot it i o, tihe theghiogaprohabeingngpeenhi oh, thas uskeyof the
e i ST ude,od-€e. closer to -1.0, are

lﬁﬁggarﬂé%r%g rmrlr%e acqur ate |n a fixed-point

representation. 10 According to the above enbodi nents,

Rtﬂékﬁimg BECtiaCYbbPe bB8ceabeubati ar afs signal %derstood
roies prior to the transition into the logarit

ge"Was PEFSIeddd WYY THel Qdntdn nostcaimgtﬁﬁctt& Bheérpoint

ddte cofmmmtshj ftTval ugbpreor emdodsaearisng.rehathi®y to the
f Flrgs 7 her ef or e re%resents an encoder
e

usi ng a sca 7° ev@h ndA“EEEPed logdAiittim c Tt 4 2150 be
Hegsratablivn apel psgchicacaistés tbdel aard/resent heot in the

ﬂ¥%¥HJ§5¥H6”Ha@?d95§m£9rbh@e GPQ&?SgﬂEééE?nd%Q% format. In

pr.ocessi ng of he si agn ener gl es an | st
e Ffois%rs. the még&l%rb%ahﬂeevSpééa f riesweer | 2>tﬁalttt$ﬁem of-

saheve sdeses$pl ¢ onwehi1iihe deoganighm«ual i § %@%% the&  the
scal | q:% wth 1/64 is only an exanple. In any case,

%ﬂ? Iog ithm c representation serves to achieve _
faster execution of nunerous cal culations, such as in

r d S e an h cal e .
A@aE?trgi? gﬁﬁaéglﬁ ap g%%heéng%)an 1 Z LH i ongmtgaﬁFeloBec Use takmg
A& has9pEéRhExptas neged bynt h@w@ of shellngatit hiv64 was

ﬂéﬂﬂﬁﬁmﬂiheTmi§|$bQE%r QEi9£@§£bMaB[§S§@t<&n§r§nd the same
tra fer int | e subtractions, _which can

e d Tty (1o aUdt it PXRUERETR 46h different
firecessdmt THetsan®omppis es Itto i 9pt ealewdgt i ﬁmso Shsdsible
t [ 0 S t, fourt r oot
8 Cingonsulai1 o OFne SBLELCARL I DtPleLy be
l?ﬁéleéalfdlﬂraH(onl expéﬁdgteurré‘-?ta@ behe akenbéor ofhéhe bits of

thicarsflele d MGt hre QG MG A& dndni®g @ squares.
conpensated for by the speed 35 gain in the | at er

steps of the algorithm Therefore, the
Furthermore, it is to be understood with respect to the

preceding embodiments, that the present invention is not
limited to the creation of sums of squares. The present
invention could for example also be advantageous if the
groups existed of only one value so that only one encoding
were performed. In this case, control means 36 would of
course not have to anticipate the scaling factor
information in any way. Rather, in this case, the scaling
factor used for scaling the value prior to squaring, would
automatically result from the number of valid bits and/or
the number of unused bits. Very generally, the present
invention may be used for the creation of a representation

of a result linearly dependent upon a square of a value.

Referring to the above description, it 1is also to be

understood that the present invention is of course not
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advant ages of the above enbodi nents specifically are

the higher accuracy of the val ues represented

logarithmcally - 32 as well _as the hi gher processing

speed in the use of the Iogéﬁlfhn1c representation,

Referring to the above description, it is to be

understood 5 that the present invention is not

lijmtittestd ttoo <’:\c iuced-ipoitrite cd:attaaﬁtormﬁt&udﬂ’dﬂeer&b@&fng The same
[ A tao ion, of sumns,_ of

iﬁﬁ%ﬁé uegjﬁgi ak'l’ch}e reasona S appt? edt®p audio

QﬂﬂQﬁ&?Q#ﬁ& areQﬂhkﬁﬁﬂnmothEnsamﬁ Bsicrddngoi hevelat £or the

1anﬁmitdLQllt i BigRalnteggergdata farmat. Ip 10 thﬁmgése' range
he hlg e -valu bits fromthe 2x-bit sumo

If e W pI§ B PR okf nghofagdio encoding
elx(p@afdltﬂ'urﬂe Acmelydl 8Ysbo Bde Mg LIThad ”Bﬁhér aappllcatlon

c for takln 15 the arithm
ffvﬁ%rl% ‘a scalelxnam ﬂ%f?ﬁas Ald&faor} r%‘b‘yva‘ﬁ'hg%l? a‘%‘c’blF § gwater
magds orralilhe dﬁJ@ne and the same encoding is to run on
different platforms with different fixed-point data
formats. It is, however, also possible that the
Iftaclt%reﬁﬁef:ﬁélllijgérq t én todetristeosaytlort y depg0deatgem the
difimstances,| atgeri dhait e JUHBRE fy tJ‘Fscp'kSé Hplemented

the v Iues thah are su plied to the sunn1n
1qusP §warﬁurt QFHDFQP Wep§aF6°Be @ﬁéer@?ooﬂfﬁF?ﬁed on a

diggpedt stoddye medicedi ng EpﬁllﬂﬂllthlngS atﬁ'lhliip[i}l"lajlsk o? a CD
Lese S Nno it to the creat

w@&ﬁs %@eggﬁgﬁgégﬂ+k {E%gé% © |3$FeﬁFanS&80F fo?ooPeratlng

wet &l @ aP@@gﬁéﬂﬁ@@d@tagé@UQUEérth@ysgﬁmupSSQQmstedamf the

%'p)écQﬁQ/eVaﬁéJ@né@ t Bat, QH M fRRE ef‘r?ogbﬂgra‘f'er%he 1nventlon
erfo In this case, control means 36 woul

i Qﬁ%na%ﬁQMFQQF%ﬁﬁ$c}%aﬁecPW§U§€éH9ﬁ?%%%ﬁ(ﬂKQHPCt with
ai rforgwednh onodla @y wfd?artlhe; thé ﬁhwsn@asfe, Mdtod stored

cal i t allng he Y rior
O?qﬁ%rﬁ%ﬁ? %% i a%éﬁﬁo |ca 4 resﬁqzéh gW@“ﬁﬁﬁbéFxgram
RﬁO@HﬂQ(fwﬂ%sogné/@pmgﬂﬁﬁrnudherOOMeunugedsm1ﬁhe\&nwentlon
m@gnefRk ¥ rot e y esent j ;bavend i gn g@MpQ@eFts%i:ngrant hGith a

creation of a_representation 35 of Fesu near |

p&@ﬁéﬁﬂ‘erﬂO%of‘lo’é gagg,oé‘mépgat\}‘xéﬁ geethod, when the computer

program runs on a computer.
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Referring to the above description, it is also to be
understood that the present invention is of course not

- 33 limted to a use in the context of audio

encodi ng. The sane advantagéé descri bed above with

respect to the audio encoding, i.e. achieving the

sane scaling level for the  individual signal energies

wi th the dynam c range 5 ngiatimasned and sinul t aneous
reducti on of the audio encoding expenditure, may al so

be obtained in other application fields, for exanple

i-n pRevRdatgsan faudi calidud atiitty a avatsirgnaiar kerofrdthe of  an

|ikein%@rhﬁtﬁ%ne%ﬁﬁwfﬁddétélé%%fﬂ“%%ﬁgf%% dgat,
dependent on the circunstances, the rnventive schene
may al so be inplenmented in software. The

i npl erenkabiceatiey bemebhectedign)a digi ta&eé&x@%@gﬁng an
medi u in @articular a f opp%,dlsk or a Ch wt

elec%ggﬁfgﬁlﬂﬁnreéﬂgﬁﬂ§: t rot 987 §nal(d cddopérdd ngpEstral
W t hvalpeegraresdhe conpeherxsyst emepielsditalt itdhe with the

resp [ t [ erformed. In general, the
inve%?%é%gt egggoFék%Péo consists in a conputer

program product with a program code for performng

the pRyeBkkYagmMtacs stored gon %ogagmf¥§fﬁa bgesq$aring
carrier, mnﬁp t he conmputer program 20 product tuns o

a coﬁghter. 'n o her BR6r dsX~ e i AYRREPORtaFRGD  with  the
t her ébgreibamr eadt zedkas DFCO8PYhESHIAFAM Whihea (22,-22,;

ro m e f.or performng t nmet hod, when the
gorr%é?érgagr ogl?lamorrlf{]esr ontog &t br .8 34 SSR9Hi e pauared

AppafBeasraédr valuvel at ing aasi gnahathengy(®8; an’0) at the

infoé?ﬁ&k@ﬂ_@@@dgﬁgﬁ §59§@%’fﬁng¥é§4ngo Vbtain a sum of

transformation means (152) for deconmposing an, '

i nf oP FREFBA anpPit Rle Siddallataien) imesudpectial a  y-bit

val uesppessapatiBnanwxthi t thepr esgatathen vbt h dhen (26,

loga&hgp&HOtyt§l§e%eslso than or equal to 2 times x, and
wherein the processing means (24; 80) is configured to
use an effective scaling factor such that the
calculation result 1is scaled in dependence of the

effective scaling factor;

means for taking the logarithm (28; 82) for applying a
logarithm function to the y-bit representation with
the logarithm not taken (26) of the calculation result
in order to obtain a scaled representation with the

logarithm taken (30) of the calculation result; and

rescaling means (32; 76) for adding or subtracting
(44) a correction value to or from respectively the
scaled logarithmic representation (30), the wvalue
corresponding to the logarithm function applied to the
effective scaling factor, in order to obtain a
representation with the logarithm taken (34) of the
calculation result as the signal energy.
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processing neans (24; 80) for performng a squaring

(40; 68) at the x-bit representation with the

| ogarithm not taken of each sgectral val ue (221-22N,
841-84N) in order to obtaih & respective squared 15
spectral value, and a summation (38; 70) at the

squared spectral values in order to obtain a sum of
2squaAp§aaatascabcokdﬁﬁqnfbeﬁubﬁﬁiﬂ,awhéﬁ?in the processing
repr atign w the | ogarithm not taken. (26),

V\herg?%% i ’e\é\ésé?héﬁ 89”%&8&”90 t?%%ckf,ga%\%dtﬁ‘ﬁ X-bit
wher EERTERenprEdessi Mg2medds ( 224.-8d)) i sofonfeiagir ecste-tral

use ap16kfeective %erbngnfQckg&eguggngahaEgeformat.
I epen

calculation result is scaled in ence of the
effective scaling factor; 25 neans for taking the

3l.oganpphmk(d8; &dcddimppl Ybng A ainpgari thyp fupcti ofyrener
to the y-bit representation with the |ogarithm not
takeﬁoTééfsbﬁgthe calculation result in order to

obtain a scaled representation with the |ogarithm

t ake of ca ] ati,Qn result:.and 30 . rescalin .
neangoégg?l76Té$§? ag%#ngegﬁ saéfrdéf}%bng(iﬁyaaprOCé%Slng
cor rBeeNen (¢dl-ud Qo vicH romt esphecefferyivhe sceddingd factor

| ogai st e nbeprespydratd ML) . (hheoyakye spegtral values
corre pggdlnggto the logarithm function applied to the

35 ePfett'FvETSLRI PhgVPAEESr, in order to obtain a
representation with the logarithmtaken (34) of the

cal c [ result as the signal enerqgy. - 35 2. .
4Appa$é?é§ggggora F 48 % S rﬁgri? eF&%“ishelspF%CQSSifﬁJgrther
meansopR4is80y:is configured to anticipate the x-bit

representation (221-22N; 841-84N) of each spectra

value of the group in a fixed-point data format. 5 3. ‘
AppafabtECaccBranng tPcl &idh 1f8F driviiR@erthe processing
conpmeshBg:(2dontBiogl JwaNstHaA6;bPpdped0s 6fi vhegsth@ing with

ProCeRE! Ndrfective scaling factor, the number of wvalid
positions in the y-bit representation with the

logarithm not taken (26) is larger.

5. Apparatus according to one of claims 1 to 4, further
comprising control means (64) for adjusting a common
scaling factor in dependence on a number (N) of the

spectral values, the processing means (80) comprising:

scaling means (66) for scaling the x-bit
representation with the logarithm not taken (84;-84y)
of each spectral value in dependence on the common
scaling factor in order to obtain scaled spectral

values in an x-bit representation;

squaring means (68) for squaring the x-bit
representation of each scaled spectral value in order

to obtain scaled squared spectral values; and



10

15

20

25

30

35

10 neans (24; 80) such that the effective scaling
factor is dependent upon a nunber (N) of the spectra
val ues of the group of values. 4. Apparatus according
to one of clains 1 to 3, furBher 15 conpri sing:
control neans (36; 64) for driving the processing
means (24; 80) such that by nmeans of the scaling with
t he efuf@citiive &Ga@ﬂnisng 7f06)ther, stdti’tﬁurﬂidjmﬁj' tthe Vel d 2% quared
osition resentation w
P ogarFERTE Gt AR (SoPIRen SPodbtaan Aipaatef squares.
according to one of clains 1 to 4, further conprising
ont Rql dj usti nmon, 25.sc
Efacté pa433§%633§%8%8gn8a ﬁ%nﬁggtf$® of Vﬂsf§58ct%%? x-bit
val ugspresensasdessivig-meains G@gﬁraath|momgtakenalBMQ 84y)
nﬁan%f(@@khf%be%%%%&ngdﬁm% ﬁ§mﬂépﬂé W ﬁ?'énkf%é “point
t he %arlthn1not t aken (841-84 30 of each spectra
val ué aden bt iheCebhh® mgéaﬁlﬁ@4fadﬁbﬁ@ﬁflgured

ordemotquﬁﬂﬁﬁﬂl§@ﬁf@ﬂmsﬂﬁét%@ ﬂ%?ﬁiﬁﬁ im agp éthhce on a
representati.on uari pg_mean or. squarl

x- bi & gé F&prr}skg@%%t? UBFsgac%’ ca‘?%‘”slp%‘&?ré% \F@Ieuex bit
i n orgpreseontealitiang sdaltkd Sgeartedlspadtueal. val ues;

and 36 summation neans (70) for summi ng up the scal ed
squared spectral values in order to obtain the sum of

'squaP@®aragusppparardingcce? divigio & acm 56, wheherein the

the xobittrod mRRIMESeMMALi 0N ¥hh hl% hﬁeéljogér 'abljmsr@ggzgﬁt Spmmon
va IS re

t aken of each spgctra
in a Flié&g(ﬁgﬁtoﬁaFg Fbrhatp%ﬁﬁftﬂ Cont?ef kBgnscaling
(64)meansonf(@ﬂredzfio tunfhgnrpdrfﬁ&ﬂ1th®1&¢iustnent x-bit

| n_depndenae 008 STl | &ale ey, Al UBYSeADLL up in an

positions in the x-bit represen a T oRs
spectr&litvikdes. regiAspar Svuk &desrding to claim5s or
6, wherein the control nmeans (64) is configured to

ling factor to a kth power _of
gggugbgggggﬁ%mggéoég¥%g é% one of claims g to 7, whereln

the squaring means (68) comprises a 2x result register
and is confiqured to deposit a predetermined scaled
squared spectral value of the scaled squared spectral
values in a 2x-bit representation in the 2x result
register, and the summation means (70) is configured
to read a y-bit section of the 2x-bit representation
from the 2x result register while disregarding the
remaining bits in the 2x result register in order to
sum up the y-bit section together with the y-bit
sections of the other scaled squared spectral values

and write the sum of squares into a y-bit register.

9. Apparatus according to one of the preceding claims,

wherein the means for taking the logarithm (28; 72) is
configured to process the y-bit representation with
the logarithm not taken (26) such that the scaled
representation with the logarithm taken (30)
corresponds to a y-bit representation of the logarithm

dualis of the y-bit representation with the logarithm
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15 neans (66) is configured to shift the x-bit
representation of a spectral value of the group in an

x-bit value register by k bits. 8. Apparatus according

to one of claims 5 to 7, whePdim 20 the squari ng

means (68) conprises a 2x result register and is
configured to deposit a predeterm ned scaled squared
spectncd] Vakee df2@hedscaied $guasechuspect rgleavakuehan or
in a - i t r t.a¢ | i n the 2x resu registeg,

and teﬁféla?urgr?ra?ﬁo%%?eaﬁsé %@%lsl%%nr??agnusr e@%’S 1o reAgtgured
a y- Bi% askktiorihsf advel exk-tnnresprieseimatyorh thenloderithm

2X resen rem)star WHd.edi siegal o tg}ﬁouﬁ@n@ép%&?%%nding

bits in the 2x resuylt register in order to sumu

y- bi tt%eltFonPEgethem witAlife 9fbi theseeffonsive téealing
ot herf sstalred isquaie s peet Mlnped ues 30 and wite the

sum of squares into a y-bit register. 9. Apparatus
according to one of the preceding clains, wherein the
Ifeand\picerr attalsi ngctdredimgattiot homé¢ 28;f 7Xe | precerfingurerhims,
to prx t - bi e i.on s th th

| ogar e hanor HAen 736y Eac Rl (I dPeythe means for
r epr ES&ASt iTH% OGS e o@dri t8¥h t aleh YiBD)rescaling means

COr F g3PONdSrd Ocdn ¥ighted eRbeSHY AL ON; OF 1t he Jogarithm 4.4
dual%%ro%tthe y-bit representation with the |ogarithm
- 37 98¢ taken (26) divided by a nunber greater than

or equal toy, and the rescaling neans (32) is

onf ixgur. 0 . the _scaled representation.with .
1flﬁe ﬁ%ES??F%% %%#ééé%@%)tgr(gﬁﬁthnt %eP§8Fe§ﬁng claims,
anpunfPé6reassendinng %ixedripe indgariodemsaual i s of the
effective scaling factor divided by the nunber. 10.
1éﬁparatus according to one of the preceding clains, '

er EPRAEAREUSr SEETT M SredRs I%; °80)the herregAsnporclaims,
10 t akemginhe kggaldist kmo28x.82), and the rescaling
nmeans (32) are configured to operate in a fixed-point
data_ format. 11. Agfaratus according to one of the
1arecéapﬁ§a@pgim§cor 1ng to one of the preceding claims,

wherein

the transformation means (152) is configured to
decompose the information amplitude signal (164) into
spectral components in order to obtain one spectral
line per spectral component, wherein each spectral
line includes a sequence of spectral values, wherein
the spectral lines are allocated to different spectral
groups (170), and wherein the processing means is
configured to perform, for each of the groups (170),
the squaring and the summation at spectral values
within the respective group (170) in order to obtain,
for the respective group, a sum of squares as a
calculation result, and the means for taking the
logarithm and the rescaling means are configured to

obtain a signal energy for each sum of squares.

14. Apparatus according to claim 13, further comprising:
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15 inplenmented in a fixed-point processor. 12.

Appar atus according to one of the preceding clains,
wherein y equals x or 2x. 20.13. Apparatus accordlng
to one of the preceding clai wherein the
transformati on neans (152) is conflgured to deconpose
the information anplitude signal (164) into 25
spectral components in order to obtain one spectra

l'i ne speioRPetidaln CRIRANEY,, Whelel Leacﬁasc‘ep(?v\#i a!;he signal

line includes a sequence of spectra Val ues
the SPECTHYal VRiHBE &tfe &PEocatedrso (ﬂefrf%fraé?ﬂtn%p@@trfamcoded

groupstal79} reand ﬂ$5¥é%éh€iﬁgD%@ﬁeéﬁbBQeHEaﬂ§ré§m3oof the
red tq perform for each of the groups (170)

.
fgg é&%&ﬁFﬁ& T8RN A et iehadk Siibiral val ues

within the respective group (170) in order to obtaim

f; t .
1150r %E ar%%%%0| é%égf%#%ﬁ? &%gnégforuséﬁgﬁ% %%% %%glms 14,

cal cufation resul , e neans

| ogaFhelmiand-theinéscmbi hgnmeams idrelec onf gmat edst n audio
obt aisR gaagi.gnal energy for each sum of squares. 14.

Appar atus according to claim 13, further conprising: -

38 a code stream generator (156) for, based on the

1$i.gnabpaenengy &6&@&61@@ Hhﬁ greups, 1QeBQraISngwﬂ@reln the
streamre an encaqded version

enco t g
%%@e %ﬁh 5?%3.?%nf%1 ?Eéévsﬁﬁngpnffgffedléxa generate
Appaﬁaﬁus aacgﬁddng d@t@ne ofradre priecedieny chaisesl 1l4on  a

wher gisi hB8 clotfs@r Bt amplgdotyude signal is an audio
S|gn§F9c Co. Apparggﬁg'ggé%%dlng to claim14 or 15,

wherein the code stream generator (156) is configured

170 gepenate ust hﬁc@@ﬁ@ﬂﬁ@ daf acshigam4 uptherg baged r@Rn the
a p%é%ho ustlc nodel Fé162) atus

accordrng ¥o i #7129 i6lswﬁQ%¥?P?AE9%rLayer‘3 encoder

or an MPEG 2/4 AAC encoder.

18. Method for <calculating a signal energy of an

information amplitude signal, the method comprising:

decomposing an information amplitude signal (164) into
spectral values present in an x-bit representation

with the logarithm not taken;

performing a squaring (40; 68) at the x-bit
representation with the logarithm not taken of each
spectral value (22;-22y; 84,-84y) 1in order to obtain
one respective squared spectral value, and a summation
(38; 70) at the squared spectral values in order to
obtain a sum of squares as a calculation result in a
y-bit representation with the logarithm not taken
(26), wherein y is less than or equal to 2 times X,
and wherein the performing (24; 80) is executed using
an effective scaling factor such that the calculation
result is scaled in dependence on the effective
scaling factor;
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15

code stream generator is an MPEG 1/2 Layer-3 encoder
or an MPEG 2/ 4 AAC encoder. 20 18. Method for

cal cul ating a signal energy of an information
anpl i tude signal, the nethod 8onpr|3|ng deconposi ng
an information anplltude signal (164) into spectra
val ues present in an x-bit representation 25 with the
| ogarithm not taken; perforning a squaring (40; 68) at

the eprgsenta th the l.a r|t m not_t aken

é Ehylnéctrgl vaI 9?5%%‘22&? % orfet toybit
obt aFﬁpseséﬁéaﬁéQDedﬂ% §Q@arleltigaslplet;Mm aan\taI uekeand 2&) of
SUMBHLEON: 2 (38 at/Mn atrelshi@ tsauar %Qd%qec{:{)al taalH?S Nscaled

order to obtain a sum of squares as cal culatio
resuFEPEFRSENtLppPR ﬂbbﬁ%séﬁ?all?ﬁﬁ@&?%ﬂtﬁékﬁﬁgaf3@hwpf the
not takenlaf26h, reBanei:naydi s |l ess than or equal to 2
times x, 35 and wherein the performng (24; 80) is
executed using an effective scaling factor such that

t he esdbéobatdmnsubesatting gmaledainode@endenpev@nuéhﬁo or
effe e a a ogar i

FUnct o (8Tt he 3 Bt 1 e SoIRCat Bt PhCEhoor (30T,
IogaVP@Hﬁ1ﬁ@Ffﬁ§P@@dGﬂ® Qﬁ theeleghciukhni dmnogsignt applled

or detot @ hebtad e & iSeal §Qaﬁlﬁ§prf%§%@>tratl'rpno%éF Egeo tain a
garithmtake cal culation result; an

addlﬁap5FS§UB?Fé%Plﬁ@jﬂh4fh8(ﬁQQ%RﬁWW% takge t3br of the
fronceéheusealied kogaitt BBl ¢heeprgsant ahnie@iyy(.30), the

10 val ue corresponding to the logarithm function

applled to the effective scaling factor in order to

18bt aFAMAUt pEpREsERaat | ehthi tth phegkagarddadem lfakerpe(n’ftbrmlng

of thRe GRIGHIAtLOR-FESHET 1S I gpal g
19. Cbe uter ﬁro ra%wmnt g pr%gfgﬁ1cgde‘?%$§ ¥nel? computer

per f BFRP ™ {HBSnBPhBd<aBEBFEFng to cl ai m 18, when the
computer programruns on a computer.



