1 Method for creating a representation of a cal cul ation
dependent upon a square of a val ue

result linearly

5 Description The present invention

relates to the creation of a representation of a calculation result
| i nearly dependent upon a square of a value, such as a sum of squares of a
10 group of values as is required, for gxanple, in some audi o encoders,
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In modern, filterbank~based audio enceding methods, such as
MPEG Layer~3 or MPEG AAC, a psychoacoustic meodel is used in
the encoder. In this psychoacoustic model, the total
spectrum of the audic signal transformed into the freguency
range ils divided Iinto idndividual freguency groups of
varying widths and/or varying numbers of freguency lines
per frequency  Jgroup. For  the calculation of the
psychoacoustic listening thresholds, for the decision if
centex/side stereo encoding should be used, and for the
evaluation and/or calculation of the scale factors in the
guantization module of the audio encoder, the signal
energies o¢of the audio signal portions in the individual
frequency groups are calculated in  the psychoacoustic
model. This 1s effected by sgquaring each individual
frequency line, resulting in the line energiles, and
subsequent summeation of all line energies in a freguency
group to form the band energy of a fresguency group, of
which there may be about 40 to 60 per audic channel in the
case of for exanmple MPEG RAC.

In the following, the special application of an
implementation of such a methed in a fixed-point processor
shall be ¢onsiderad.

in



shal |l be considered. 2 1In fixed-point representation, the frequency |ines
are represented with a word width of for exanple 24 bits or 32 bits. A
word width of only 16 bits is not sufficient. A5 global scaling factor or
a shifting factor is used, which applies to all frequency lines of an
audi o channel and also to all frequency 4ines of all audio channels
processed in an encoder, and which determ nes by how many positions each
frequency |line value nust be shifted to the left or the 10 right so that
the original scaling nmay again be obtained, which is referred to as
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represented with relatively high accuracy, such as £for
example 22 valid bits with a word width of 24 bhits or 30
valid bits with a word width of 32 bits, whereas others are

20 represented with only few wvalid bits and therefore rather
inaccurately.

In the implementation of the above-mentioned filterbank-
based audio encoding method in a fixed-point processor,
25 problems as described below will arise.

Firstly, the problems congern the representation of the
signal energies themselves. By means of the sguaring, the
signal energies, that 1is the summed up sguares of the
30 frequency lines, have o¢btained 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
35 the signal energies by a data type having a word width
double that of the data type used for the representation of
the fregquency lines, that is for example a data type with a
width of 48 bits or 64 bpits. Imagine, Zfor example, a



width of 48 bits or 64 bits. Imagine, for exanple, a - 3 frequency line
wth 22 valid bits represented by a 24-bit data type. Based on the
sumat i on, the signal energy would, together with the other frequency
lines, have at least 44 wvalid bits and would be represented in a 48-bit
data type. 5 This procedure, however, is hot feasible at |least for 64- bit
energies, that is in cases, in which the frequency |ines are represented
in a 32-hit data type, as nost conventional fixed-point processors either
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will thereforeﬁkﬁﬁ¥§%FﬁéﬁéYyh%ﬂﬁﬁﬁ l§otbﬁaﬁa%QNQ§ flokébu#Eds not feasible.
A further problematic field in the inplenentation of the above-nentioned

fi | ter bank-pasgoaudi Op@erQ_%Q'l gy metehod,d n.a, 30 fdxednpint . progessor s
the reproceSSIQQ rJzes jj?' lerepresentation by a fleating-point data
type by means of mantissa and exponent. Again assume the
ahove-mentioned exemplary case that a freguency ling with
22 walid bits it represented in & 24-bit data type. The
20  signal energy of the respective group would then be
represented in a standardized or propriestary floating-point
data type with 16-bit mantissa including sign bit and 8-bit
exponent. Here, 1t is immaterial if a standardized
floating-point data type, such as IEEE-P75%4, or A
25 proprietary floating-point data type with arbitrarily
chosen mantissa and exponent widths, is concerned., On a
fixed-point processor without a fleating-point calculating
unit, calculations with floating-point data types will
always have to be emulated by several calculation steps and
30 will therefore be extremely slow, so that this procedure is
not feasible.

B further problematic field in the implementation of the
above-mentioned filterbank~based audic encoding method in a
35  fixed-point progesseor 1is the repreocessing of the signal
energies in the course c¢f the encoding method. The signal
energies and -the listening threshclds derived therefrom are
used in the further routine of the audio encoder at



energies in the course of the encoding nethod. The signal energies and-the
| istening thresholds derived therefromare wused in the further 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 listening threshold. The-required division is not easy
to performon a fixed-point processor. 5 One possibility of performng a
division on a fixed-point processor is the use of single-bit division
commands, Wwhi clumeat@si ApF eapniedlisresoi® fhxediqroiintmpr 6cessedmsyland.rsuppl y
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Another peossibility of implementing a division in a [ixed-~
point  processor is  the use of tables, possibly in
connection with subsequent iteration steps for increasing

2¢  the accuracy of the division results. This procedure,
however, 1s often not feasible as for the required accuracy
of the division result, either a very large table must be
used or subsequent ilteration steps will in turn have a high
demand for calculating time.

25
Both metheods mentioned may be used 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

30 efficient application with respect to calculating time and
menory consumption with simultansous result accuracy.

The above-mentioned probliems would not occur if a GPP
(General Purpose Processor) warea used. For many
3%  applications, however, the use of precessors having a
higher performance than fixed-point processors without a
floating-point calculating unit is auvtomatically out of the
question because of the high pricing pressure and the high



(CGeneral Purpose Processor) were used. For many 35 applications, however,
the use of processors having a higher perfornmance 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 -5-
nunber of pieces. Exanples of such appld ¢ati ons are nobile phones and
PDAs. US 6, 754,618 Bll responds to the problemof the SMR 5 cal cul ation,
that is the calculation of the ratio between signal energy and |istening
t hr eshol d, andudmes 80 agatast Exarpackdodpsofh tdpluset obnd i sced-pdiine DSP
chips. In %gkg%nceq&ngﬁhghe procedure proposed therein, first the usua
w ndowi ng and ubsequent Fourier transformation for 10 the deconposi tion of
an audio signal into its spectral constituents is perfornmed, follow ng
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24 bits, lfherdss feromyPEGtSPANGAr da%épél‘?e@t}ﬂ?%la Gét"a ifisdt PEFL 84  bits,
that is a dynamresthangetof 140bedBoxdher eforleywite whaner gnes aneule foir st
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the former procedure ‘ ere t scal values. More precisely,
in accordancée i tll’r“t?hia%eﬁ%%urﬁesntcaltcﬁéa&‘ﬁ%r ] stlT?or'?ﬁérLeBn‘flo“&aglt &shol d
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into a loqarltgygdés of frequency lines, the method could also be
continuved based on the signal energies of these groups. The
content of this document 1s the attempt to remocve the
problem that the input data, that is the‘energies, mostly

20  have dynamic rangs that is too large, as most fixed-point
DEP chips comprise a data width of only 16 to 24 bits,
whereas the MPEG standard would regquire a data width of 34
bits, that is a dynamic range of 101 dB. Therefore, the
energies would first have to be scaled. In particular, &

25 proposition 1s made to digress from the former procedure
and use two different scaling wvalues. More precisely, in
accordance with this document, the energy is compared to a
threshold and scaled upward or downward, respectively, in
order 1o be able tc represent the logarithm result with

30 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
tahle for the thresholds is used. For taking the legarithm,

35 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 BSMR ratio
will be caleulated by taking the legarithm of the upwardly



range, and in order to be able to calculate the SMRratio in the

| ogarithmc range with 16 bits. Dependi ng on whether an upward or a
downward scaling is perfornmed, a different table for the thresholds is
used. For taking the logarithm. 35 a common |logarithmtines 10 is used, so
that the unit dB w Il be obtained. If ¢he result of taking the |ogarithm
of the upwardly scaled line energies is zero, the SMRratio wll be
calcul ated by taking the logarithmof the upwardly - 6 scaled |ine energy
m nus the | ogagidtea of iddhestdr@sheids enes gyoddrehnl s Ceiher whsesndlre
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deal s Wi th an exponentl akib@Oa:id-NMihile the taking of the logarithm as
such is still performed on the energles present with high
dynamics, which results in the necessity of as much as two
takings of the logarithm per energy value.

20 It is therefore desirable o simplify the transitlon into
the logarithmic range also, without there occurring a loss

in dynamics.

Us 5,608,663 deals with the fast execution of parallel

25 multiplications of floating-point numbers by means of
conversion into a logarithmic fixed-point format, addition
in the leogarithmie¢ range and subseguent back conversion.

US 5,187,024 generally deals with an exponential/logarithm
30 caleulation and a respective apparatus.

Us 6,732,071 deals with an e&fficient solution for a rate
contrel in audio encoding, and for the determination of the
quantization parameter value uses a loop iteration with a
35 completion condition, according to which the guantization
parameter value is compared t¢ & term derived from a
logarithm dualis of a term depending on z maximum freguency

line value.



30 calculation and a respective apparatus. US 6,732,071 deals with an
efficient solution for a rate control in audio encoding, and for the
determ nation of the quantization paranmeter value uses a |oop iteration
with a 35 conpletion condition, according to which the quantization
parameter value is conpared to a termderived froma |logarithmdualis of a
term dependi ng on a nmaxi mum frequency line value. - 7 US 6,351, 730
describes the use of a logarithmdualis for a gain calculation within
audi o encodi ng. The gain values are wused for the bit allocation in an

VOCT- encoded aud @ £9d9G o U .204698: 0851 B ihgruse, of . asgatur a
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inventive appafais choheSELRIH NG dfr eRLeseiAkiion ofrd crzalieykatiwni 4 esul t
linearly dependent ugon ? sguar e of a value, the calculation result being
e

present in an 5 8 Sentation with no | ogarithm taken, includes 25
proceSS|ng“heans for perfornlng a processing of the x- bit representation
with no | ogaritthmitakes efbjkhe ofalties preoireridwerabtai nd hecoaleulation

result 1inear]y dependent, Hpon: 4 N8, f]%l U we%gelw =sBhege S Nge neans i s
configured to use an effective 30 scalin Factor e cal cul ation
result is result lmnearly dependent updn a sguare cf El Valae, so that

the calculation is simpler or possible with less hardware
15 expenditure.

This cbject is achieved by an apparatus according to claim
1 and a method accoxrding to claim 18.

20 The inventive apparatus for creating a representation of a
calculation result linearly dependent upon a sguare of a
value, the calculation result being present in an x-bit
representation with no logarithm taken, includes

25 processing means for performing a processing of the x-
bit representation with ne logarithm taken of the
value, in order to obtain the calculation result
linearly dependent upon the value, wherein the
processing means is configured to use an effective

30 gcaling factor, such that the calculation resuit is
scaled in dependence on the effective scaling factor,

means for taking the logarithm for applying a logarithm
function to & y-bit representation of the calculation
35 result, of which ne logarithm is tTaken and which 1is
obtained either indirectly or directly from the
processing by the processing means -~ that is for
example by picking out bir positions, in order to



scal ed in dependence on the effective scaling factor, means for taking the
| ogarithm for applying a logarithm function to a y-bit representation of
the calculation 35 result, of which no logarithmis taken and which is
obtained either indirectly or directly fromthe processing by the
processing nmeans - that is for exanple By -picking out bit positions, in
order to - 8 obtain a scaled representation with the |ogarithmtaken of
the calculation result and/or a representation with the logarithmtaken of
t he scal ed cal cul abicehn resudaled whpreianirtisn| essh tttem 2geicaekr xsakgnd 5
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sufficient. to obt aIE ased ereon ogarithm c represent ation. The
effect of the scalffh§ct+%et o?c%lnmtc’he F€§8Ft| ng’| 0GAFFE hnfe reprEdentéat i on
may be cancel | ed byrasgei ey ‘om gubtr et iingagitonrecterowivahae; nobtrai ned by

the | ogarithm fungbihgay applied -t 0aibe SGaki Rgsgb:factor, to or from
respectively the scaled |logarithmc representation wt hout any | oss of

dynanmics. It is therefore one advantage of the present invention that in
the inventive Tanher tha phadaryt ploftheedinassnfpyinygntion that in the

15 transition into the logarithmic range, it is not necessary
to take into coensideration the entire bit width of the
result linearly dependent upon the square cof a value.
Rather, it is possible to scale the result of a value with
® bits such that a representation with less than x bits of

29 the result is sufficient to obtain based therecn the
logarithmic representation. The effect of the scaling
factor on the resulting logarithmic representation may be
cancelled by adding or subtracting a correction wvalus,
ohtained by the legarithm function applied to the scaling

25 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

30 transferred into a logarithmic representation in a way such
that, subseguently, the scaling level will be the same for
all, with the dynamics substantially maintained.

According to an embodiment of the present invention, the
35 processing of the x-bit representation of the value
consists in the creaticn 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



30 transferred into a logarithmc representation in a way such that,
subsequently, the scaling level will be the sane for all, with the
dynam cs substantially maintained. According to an enbodi nent of the
present invention, the 35 processing of the x-bit representation of the
value consists in the creation of a sum®f- squares of a group of val ues
in order to obtain the calculation result linearly dependent upon the

val ue. Instead of performng the - 9 effective scaling factor only after
t he cal cul ati o Rfcttike ssamof ﬁﬁmﬁmmesnlhomew&ﬁ tﬁduaa&ebﬁ&tr@mr@seﬂkations
are scalec prayl oysl ¥ itRea GORIDA SCAHNG, OEngé@ebfpc%mHs sgal i ng

factor is determ ned f e nunber of val ues neans of the

| ar gest nunbersﬁie\‘i‘alpirﬁvb%ﬂﬁf JhEN FneRE P Re® X2 it Fé‘ﬁF@senF}é\?l‘bﬂ?C’(g’f t he
val ues. This pracedur&amkesist dpossiblssl t Oroonstantiupopenaiin, valwst i ng
fromthe injtialystuatiQn u tchf xrrty tlel’z%@é%s%mn@&toﬂ§ obiibhgovadugs in

the x-bit representatlon fo his 10 equal ly ap es to the uar es of
the i ndi vi dual *¥1%ued *and*~ {’0 three g atheg ncﬁ€ g&gl 5333?%5. ‘e, the

common  scal i ngrdcactge Mekdet & npawd bdachiot Rarstae lsumegk15quakestiid not
subj ect ed to Oﬁ/ﬁfnflgv\é asnfe 185w it e ibhe wSUAMBL-be. repfeeottitng dr@ tdY s

enbodi nent I ngalil %hm flunncttlhon IS, 7 5 errfpgr rrf . on a :%?%Eon ,m‘l t he
x-bit represeniia i OR-W'Eh no I(r)#larlt?lmt € 'sum sSquares.

thi s enboditrertquaigozrphesadvantegEIRar $fiait éﬁﬁeéﬂcﬁh‘éﬁdl{aﬁe"ﬁﬂ%%oﬁﬂde may
be wused for sevetat graups ofhvalkuesySmalhatgunetshe e, hartde tderaral ues

of the indivi dé@éllglmlfﬁét@%e §C§E€9r el .28 %B@e"tﬁ‘z@t sﬁﬁ”@nsé&ﬂééﬁ

factor, and on the 0O sequent scal mg} evel he same for

the | ogarithmic® ‘}Oetprsél éﬁféf’?io'ﬁo cP"ee{flzl “Yuft of “SYtiHr tR@cSPWﬁbl?rb
anot her pr ef erk&brsidbaditrenthiof eheopimednt LIRS 1 emearittinon, Dundtdgar i tshm
dualis is usedasdhed egani thoriddnat i-aa, XL@Q@thréﬁeﬁﬁa@ifnﬁC&Dﬁh that is

less than or  gaualis,l/ ¥audh LH18Q L L8uPPSS! b8 49 SCaRLYaoMlnd e
too, the advantage is maintained that the procedure may be
uged for several groups of values so that on the cone hand
the wvalves of the individual groups are scaled with =a

20 different common scaling factor, and on the other hand the
supsequent scaling level is the same for the logarithmic
representation of all sums of squares.

According to another preferred embodiment of the present

25 invention, a logarithm dualis is used as the logarithm
function, together with a factor that is less than or
equals Ll/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

30 taken of the caleculation 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
33 subljected to a creation of sums of sguares in the above-
mentioned manner group by group, that 1s by scaling the
spectral line values prior to the caloulation of ths sums
of sguares, wherein the freguency line values are present



mappi ng between the y-bit representation of the calculation result and the
scal ed representation with the | ogarithm 30 taken of the cal culation result
in a manner that optimally wutilizes the value ranges of both
representations. According to another enbodi nent of the present invention,
for audi o encoding, the spectral line values-of a group are 35 subjected to
a creation of suns of squares in the above- nentioned manner group by
group, that is by scaling the spectral line values prior to the

cal cul ati on of wtnheaﬁurf{&b @f ﬁm@f @@mﬂ\m{a@an Fdienfor eqy@mcmol i ngyavakugs are
present - i.n an x ata f or mat mni no | 0 arl% t aken,

by summi ng up £ PésBVtFHSmé?%gﬁ q TR RN I 5o  TMT b e Sent in

the x-bit fixed9soi Musdaba fopawtt tﬂﬂ%hetﬁrhﬂﬁpﬁyﬁﬁg P%Eﬂﬂc@ﬁﬂﬁtﬂﬂﬁmﬁ@nctlon

conprising the &1%@“@9 Obp Ligo oG | 1 Hga M i tflﬂadtq@arldd&mrduakguaad t he
a

scaling wt the tor s-.than. | . to 1/x.to the u S res
and by addlgg or su tggcfﬁg '3 a’ee lé%ctﬂ%ﬁ t%aléegaﬁ%gTﬁedM%f%kﬁpﬁqu%nnnn

scal i ng factor ¢ he WFB@aFP?hﬁ?%iﬁﬁniﬁﬂﬁt??ﬂw Fr diffuatedpedt FvéPy LhEhe
X-bit 10 fixed-suai nif repaesent abd oy odddine reesuiotabcet aky ng tdheredtagari t hm

In this wav, the sbongleeneroiesopl Al spRELT alcagtoupsREE Mt dhged on

t he sane scalln | evel out reducing t dynam cs, In addi tion, .each of

t he calculatlnd”géﬁéFﬁTl5ﬁ§ché9nbé°pe??oﬁﬁ88 by SFEERE 1 BF L% cAPRulatihg unit
15 configuriéd fidxegrpeessi mgrtexenkgiciont etnbes maauitx bf t Sakomyy £hEhi s

embodi ment i s tll%%%%‘l@ﬂr@ ady ant;a0eeus 41k tsh@hantené %Ifbb@ t G ddmhenent
an audi o encoder d- poi nt hput the nec%SS|ty

of conplex prd& P&ﬁﬁlﬁﬁ‘mﬂVﬁ”ﬁﬁéneﬁchasgﬁ cé?%hls alln%l e SexpEnditire 20
i nvol ved. In tﬁ@crpenh@vﬁlm dyprest efr eth erfsodiipent 2T ctfhéhsr ezbrtlatil@gent i on
are di scussed idpegeeates Aot ald prEBrhiespeetndans tife aae:@@apmm whiawi ngs,

i n whi ch: %% configured for processing fixed-point numbers with x bits
only. This embodiment is therefore advantageous in that it
is possible to implement an audio encoder in a 16~ or 24-
bit fixed-peoint DSP without the necessity of complex
programming with the increased calculating-time expenditure

20 invelved.

In the following, preferrsd embodiments of the present
invention are discussed in greater detail with respect to
the accompanying drawings, in which:
25
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 fired-point data value for
illustrating the effect of wvalues too small on

the 64-bit fixed-point result:

35 Fig. 3 is a graph of a logarithm function according to
an embodiment of the present invention:



Fig. 1 is a schematic representation for illustrating the structure of a
32-bit fixed-point data format; 30 Figs. 2a are schematic representations
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; 35 Fig. 3
is a graph of a logarithm function according to an enbodi nent of the

of a squaring

present invention;

11 Fic. Ais a schematic bliock diagram of an apparatus

for creating a sun1of squares according to an enbodi ment of the present

i nventi on;
appar at us of

of the apparatus accor?ﬁ@ﬁflfﬁ FPg SB afd 1T FGS 7S

i

i's g hl Os%e%@géam of s pesSkbbe bAPkppEriats dor of the

Fig. Is a flow chart for illustr gg&ﬂg%thg)fg@ptlon
schemati c bl ock

diagram for illustrati ngnlanmi m&uﬁlOfeﬁﬁbd€ﬁ536§O¥QNQﬂ}H9§'an enbodi nent of
the present invention. 15 In the follow ng, the present invention is

described referring to the ures, and fregquen backdrop of
i 5% ng ghg J%gﬁg?ggzklgmgnt' As

the audio si gn&?proces

CEpeettidtaldy

encodi ng.

wi || be explained in greatsgre a@eaaﬁtu$dﬁqdﬂﬂngﬁthe description of the
figures, the 20 present invention is not limted to this application field,

redonlnantL LS ehves Srfﬁfguééﬂﬁﬂm under st.apdi 519.oBefore

but this settlng p
enbodi ment s oft%e

%reseht i MVEht 164 “are ex

al ne 5 in greater detai

in the follow ng an |ntF@QUﬁﬂﬁﬁﬁtPé a@?ﬁ%ﬁ%ﬂ@nﬁBdFﬁ%nﬁ% Wi ch i s some kind
of overvi emp and nakes the advantages of the follow ng enbodi nents better

under st ood, is
structure of a

15

g

In

IEd eLe i i ra 2:shewsnd hen
EEJ: bl o+ Zgb:é%ﬁ%}%; % %‘lgé $13g B0 01128 nd

xed
audio encoder cordlng to an embodiment of the

present invention.

the following, the present invention 1s described

referring to the figures and freguently against the

backdrop of the audie signal processing and specifically

audio
detail following the description of the figures, the

signal encoding. As will be explained in greater

20 present invention is not limited to this application field,
but
understanding.

this setting predominantly serves to [facilitate

Befare embodiments of the present invention are explained

25

in greater detail, in the fellowing an introduction to

these embodiments, which is sowme kind of overview and makes
the
understood, is supplied referring to Figs. 1-3,

30

Fig.

advantages of the following embodiments Dbelter

2 shows the structure of a possible 32-bit fixed-point

data format, which is the exemplary kasis of the following
empodiments discussed., The represented 32-bit data format

may easily be applied to other bit counts as well. As can
be seean, a value stored in the 32-bit fixed-point data
35 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.

T

he 32 bit positions are hinted at with individual



data format, which is the exenplary basis of the follow ng enbodinents

di scussed. 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 35 format conprises 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 wth 10. The 32 bit positions are
hinted at with individual - 12 squares nunbered Xo X31 fromthe 'east

significant bit LSB yost nif L cant . bi; gnd. s of
thg i ndi vi duals%iéreﬁ’o)s’??r?bﬁﬁ allordi 3 Fo&gh%g *teag%@'ed h%{%?r%ma

format are hintiesklattdetioay mbet | ndinifdgan bt ts (Y681 ti ONE. ™A UL b:f seen,
the nost si gnl{Flc!;aiﬁ{dl%tiuaie@itﬁmtmlbhe ségprdifgt he viad u-bitefixedr The

remai ning bits X30 e S e ynude 0f thenyal; t,,galwg\ggpr]gi@g to
the enbodi ment P& F %g% %({)masc bets,hr!i?%%rdeslé%nt & true flracilon i.e. the

data formatdi Op@%ltawmsact ﬁéna@l‘iobﬁ x&88Poi nthdafd>For rEE L 5470k Bt by
convention, theepedddntsor che Commacis posi tikoned i .he*| eft nUst Foeat | on,

i.e. on the Igé}l hand. si; gg Qef Qr Qobé;;pl)ggg g;@emg@hyglden c{thner egister 10

can therefore bé expresse 2"1 can.gasily
be seen, the r&pf %bPe t04l ‘El‘%b"rddﬁﬁé %}ftﬁjeg fll'ac“lh 8nalf’ltflxe %m ﬁf dat a
format extendsafrem appeokimatieles exel ubHingel fornatt ¢ lexs %l%cﬁlf“a%o As
has been di§cus§ggd1gb thedggscEélmdton iN{R0ECtH W@k ent hen presepbint

i nvention, signal ener for exanple a t y af sqgarl ng
the frequency PFn&8%af %ujrﬁn%gs i 3 CAFf snugggd%ﬁergﬂ%ncy i nes’ e,

line 25 energies, thg dﬁﬁ%@@éﬁcwl@ﬁoﬁﬁfoﬁ% ifbés - of! htehevafjlli’f-’es—n cGHFal ned
ina frequencyrga_sygslﬂ;)eﬂr angesnf tomda 96 bApthesed as

30
X o= (-1 %, -2k

t~0

As can easily be seen, the representable value range of the
fractional fized-point data format extends from
approximately exclusively -1 to exclusively 1.
20
As has been discussed in the description introduction of
the present inventicn, signal energies for example are
cbtained by means of sguaring the fregquency lines and
summing up all sguared freguency lines, i.e. the line
25 energies, in a frequency greup. The number of the lines
contained in a freguency group ranges from 4 to 86 in the
example of MPEG Layer-3 and MPEG AAC.

As has also been discussed in the description intreoduction
30  of the present application, it is possible toc 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
audic channels processed in an encoder, and that determines
35 by how many positions each freguency 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



exanpl e of MPEG Layer-3 and MPEG MC. As has al so been di scussed in the
description introduction 30 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. gk all audio channels processed in
an encoder, and that determ nes 35 by how many positions each frequency
line value is to be shifted Ieft or right on the side of the decoder, so

that the orlgln g %@btgé@§d 0 @rdgﬁ Lo %ﬂ&baebo;qﬂB
such 32-bit flxegﬁp0|nt atg?%mF%Ol od- 106

ues_on a fixe 4;? Processo 3%
32-bit data WOPHCSHSRNF t6tad SurkaPiond®id ‘Syuthr tpor °t Re SCAT201T4E i Bh of
t he audi o si gnakuener gies,the helfkolikowbmgobashe et remssts SHESEHR met

for an 5 efficigpt hﬂﬂkﬁqﬁeta$égﬂ;OEeQDQrQﬁéﬁﬂdahh@n ofet heraude stgnal
energies fromthe frequency |ines: The freqguency nes mus} 8ger$E5§§ented

with a word® mFHFhFﬁ?“32”‘Jr@eni%tbﬁqscgré ﬁofa§uF ?%ﬁ%ﬂuOL e audi o
si gnal energi esigust al=sgibe fepradenteddpanca fiinged- poi nt data format and
not in a floating-point data format. 15 - The audi o signal energies nust

be represented in a,  dafa wi.th_a yword g%d&ggggsgg%gfrw;@@n a34%obhts.

This results in a Fd Wi o# éﬁnﬁlts for th energi es as
wel | . 20 The speci atidmbedi ARntistof 1ehkipp esehtraindBhtt oif described in the
following nget all these basic requirenents, although it nust be noted

that a less efficient, J qﬁlegggggi ?ﬂﬁﬂﬁ‘ Y. :0€,.abt @ Redpd f - fj0te sk <0f ihhese

basic requirenents are |scussed Iater gﬁ it is %? for
exanpl e not absolut%l?“ﬁ%h@@éﬁ?yd?h%tquﬂf &&longlgﬁﬁl i ES A i i t ed

in their word wi dt hddm 32rbets. The reprocessing of the audlo si gnal
energies only is to be

15 - The audio signal energies must be represented in &
data type with a word width no larger than 32 bits.
This results in a word width of 32 bhits for the audio
signal energies as well.

20 The special emboediments of the present invention described
in the following meet all these basic reguirements,
although it nrnust be noted that a less efficient
implementation may be obtained if not all eof these basic
requirements are met. As will be discussed later on, 1t is

25 for exampls net absolutely negessary that the audio signal
energies be limited in theif word width to 32 bits. The
reprocessing of the audio signal energies only is to be
limited to a 32-bit fixed-point representation.

30 From the above reguirements, the following problem in the
caleculation of the audio signal energies arises. The
squaring of the 32-bit freguency line values first yields
line energias with a word width of 64 bits, wherein,

however, the 32 bits - in the c¢ase of the £following
35 embodiments, the lower 32 bits - are discarded in the
further processing, and the fractional arithmetics

continues with the upper 32 bits only.



limted to a 32-bit fixed-point representation. 30 Fromthe above

requi renments, the follow ng problemin the calculation of the audi o signal
energies arises. The squaring of the 32 bit frequency line values first
yields Iline energies with a word width of 64 bits, wherein, however, the
32 bits - in the case of the foll ow ng.3%,enbodi nents, the |lower 32 bits -
are discarded in the further processing, and the fractional arithnetic's
continues with the upper 32 bits only. 14 In order to illustrate this,

reference is de to Figs..2a . a 2b. .These.s two LARULregE St erss 12a
and 125 of a 19T & ﬁ%%ﬁﬁ%ﬁ#ﬁ% §%ﬁ§fe?§”%y§%§% fingathe 4 £ﬁ\/| ues

( . , uar ¢ _LNe ;saig va

into the i nputamdil 31 pl Teetd Fayi sTEr s D A EI65BOCA 5 Fegi‘St & s “12a and
12b are 32-bi tpfeagicstersuskar ther, dhgugser, 2ayandi2bnshonwe as&de b d LWk put

regi ster 14 consj stj - i 43 .apd 12| Qugr oIt imicrl4b.
The. mul ti pl i or- Thi N i 2ol ?ﬁgpglgﬁslelﬁ%é’;i e 10.25, o
configured & o FTRHFIERE régi 8Per i QomEnt¥ " of F%gls$%§|'st5f5 T24 ant 12b in
the 32-bit fixed-gei it dava 4 crdratit andetd radisitplyl46He stwhYval s so
that a 64-bit resul t,o--so)iflded.q whiehet Sodutiput 1Bt 0 the output register
14 in a 64-bit fixed-point data format. Thus, the upper portion 15 14a of
the output register 14 covers the first 31 binary positions after the
comma, Wwher easThdhenhbwarl isort WORCRABS coVertePrRBERERfI T nf- BT nary 2nC
posi tions.)Fi g8, 2asandn2bgshow sit ualsidonshd Nradi safe -di ddrereents. 20 frequency
| i ne val ues haye been writt i 40 .the, Lnput. . Lshers: 2 d . SO
t hat differingr?%fﬂe?g é?%_gg?éﬁie&%iﬁh%hgyéﬁféﬁgkggg%§¥é}Qi3E E%ggi%a
speci fically shohsta Biktiatvon & APRhIFERA Yﬁ%ue?SMTﬁﬁﬁﬁeﬁbﬁgTiﬁé varte“is
hi gh, i.e. 0x12345648icchs vhonyg as ottt riequendy dbitmivalagestarelgated out
on a high level, g4lpf. OCEHNAnLaLGEa NYARRL: Of riMal, i dirli tipplel @o32ibit data
word, the i150pe£q§209| ;'[de Ogué;puec agéguiaﬁ!géé %44- b\:!c}ve\é'msd%hree%glrgt 31 binary
positions after the comma, whereas the lower portion 1éb

covers the remaining binary positions.

Figs. 2a and 2b show situations in which different
20  frequency line values have been written into the input
registers 12a and 12b, sc¢ that differing results are

vielded in the output register 14.

Fig. 2a specifically shows a situation in which the

2%  freguency line value is high, i.e. 0x12345678. As long as
the freguency line wvalueg 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

30 orxrder 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 0x000000003besb080
in the case of Fig. 2a.

3% Fig. 2b shows the case of a small frequency line value in
the input registers 12a and 12b respectively, 1.e.
0x00004321. Such freguency line values also occur, as, as
has already been noted, all freqguency lines of at least one



in the output register 14 are sufficiently accurate in 30 order to express
the result and/or the square. The error that is nmade when only the upper
portion 14a is used rather than the conplete result amounts to only
Ox000000003be9bCBO in the case of Fig. 2a. 35 Fig. 2b shows the case of a
smal | frequency line value in the inputigegisters 12a and 12b
respectively, i.e. 0x00004321. Such frequency line values al so occur, as,
as has already been noted, all frequency lines of at |east one - 15 audio

channel have a_gl.ob hi ngfact oy and theneter eactypi gakl yhartsoge
nunber of freq%%nlcoyaz}t}a%gl%"og%dgy a small _ nunb 7 oj; val iogcg' ts igln%lSZ- bi t
C i

er
data word onl yty#igligage 12598 kIO FHGa SASY cHif* e °S6enRY from Fig. 2b,
in the case 5 ofmissmmlds fmedqdentys | ime ViEl-iés, dehe wppere32 bitt §- of&The
out put register J4 .do not:expsess the squadMgorsely. il h insufiti cient

accuracy. The summation_ of several, such line _energdie m a- signal
energy value, Ph p&Fth ctf e W | ingn PersT e %ﬁ%p?%‘ohﬁ %%c%ﬁ ect result,

i.e. for exanpbetill: zemdstahi ¢h i@ tie IXRIEPScHUT SBIWTE e "Gl b Bhbdi ng
will result ipugrieduced: @idi:@ qualid ysudnatibe exanpienofl. Fig:h 2b7et he
upper portion of the output register W r anpl e i ndigate a.{esult of
zero, while th& &t TPREBT Py %ealmgh%fﬂ&%eva x000000 023§49482.“1§ In
view of the exanpreiersf Figely 28%and'SPBrert #5pdaFs tlo® be' MecEE857yTto
first consigerzalbd, 6énibint Snofntheadet peturseegifstbe 44dinm eulssiégaentll

processi ngs of . Lhe: 1 gnal ; SNELGH B3 IS 1 0 1 NORY ek eQULE CERYITET OUS

conplicated 20 It data operatijons, |'P§’]v operations ivgtter 6‘ﬁli-ﬂi tae
operands, and FRfrith§e UPT t AR abdie® Pordt Aydsi 9% eddi rément s°For an
efficient inpl eremtlat ilomickite howesek; theerpperhdebile potiisdn r6Fuelch
signal energy v2b.valdifd Bet beoosdquioonegbster 14 is actually to be used
only, an ii@rovement may first be achieved by shifting all
In view of the examples of Figs. 2a and 2b, it appears to
be necessary to first consider all 64 bits of the output
register 14 in subsequent processings of the signal
energies. This would, however, require numerous complicated
20 64-bit data operations, i.e. operations with 64-bit
operands, and infringe upon the above-mentioned basic
requirements for an efficient implementation.

if, however, the upper 32-bit portion of each signal energy

25 value in the output register 14 is actually to be used
only, an improvement may first be achleved by shifting all
frequency line values in a frequency group to the left by
the same number of bits prior to the sguaring, by which the
results thus contains a larger number of valid bits in the

30  upper 32-bit portion of the 64-bit result, or by shifting
the result in the result register 14.

The upper portion 1lda of each signal energy value could
then be converted inte a logarithmic range by applying a
35 calculating unit for the calculation of a logarithm
function to the respective upper portion 14& of the signal
energies. The calculating wunit would only have to be
capable of taking the lagarithm of a 32-bit fixed-point



frequency line values in a frequency group to the left by the same nunber
of bits prior to the squaring, by which the results thus contains a |arger
nunber of valid bits in the 30 upper 32-bit portion of the 64-bit result,

or by shifting the result in the result register 14. The upper portion l1l4a
of each signal energy value could then bg converted into a logarithmc
range by applying a 35 calculating unit for the calculation of a |ogarithm
function to the respective upper portion 1l4a of the signal energies. The

cal cul ating unit would only haye tgobgbtggpaglegoglgakl@gdiﬁ@uhogmﬂafwnof
a 32-bit fixed- p0|HiET§ ata value in order to obtain a 3%8 valuexep poi nt
data val ue. The-Ucogdiia MAFFREET o YWAEEA" cBRVET t ST HE Val Ue x ~ it 6 t he

val ue y, coul dibe yrize | 0gRfe) i p4cothe banct i-onlomoui $@4 of Thbhi Enngsion

L pustrated &gl b 3y Gh ﬁmm@ew@e@ thesgechiongf 3 belogesid hm
function wth X e f Whi ¢ I.S evant. one fob Lgew§l red
signal eneryy tﬁﬁﬂﬁﬁﬁiﬁoﬁ Fﬁec§§ BPﬁaFF%@H %&ﬁé%lQEat Bornat ]

scaling factorid/ 64censuyes disaenthersmafdesthiposdidies \?a"ﬂ’ﬂr%l P“%rg‘én
energy signal yalue of,2:f3 Gh-Bit irsxak-dOideasicd eserwed foerd hetiss gn)
al so covers the possible OUtQZEéV%L%%xEQnQﬁmr %gp gﬁgegggtfﬁggglgigo

exclusively i®iHe%Casd 6t fi pOI'At " r epr €sen
energy signal valuses, Lvthi c"agesrdy ngt ﬂ@ﬂ%héaiwbantﬁn1 ﬂ&néﬁ fa?lg 3
are taken ihe LQQ@gl&agbeéedaﬁer64t&ut31@5 f ited- poivitrsvatives poFhilgle

procedure woul d, QE be yﬁrajeg&g§ggcgggﬂ as drhtgy%ngﬁpgeg

processing steps 0 the auglo éhcodi n hin an audlo encoder % S|gnal
energi es nust by &RF Z&cRedis haRA R n§aﬁ@p§53?Tﬁﬁ”éﬁﬁ { ReTef ot the shift
to the left aaddorythégsenl iviagukact omhiichcraagimgnehe acelit adypacwbdbiy
interfere wthegxactd:y dehiss sane sealdangn! evel 1o riitics qI0i pireexaebliy, the
ef fect of ﬁ%po§ltn%ecpr%pegggegf 25 the taking of the logarithmis shown.
As noted a e Fosn '

This precedure would, however, not be very satisfactory as
in the further processing steps of the audio encoding
within an audio encoder 511 signal energies must by all
20 means have the same scaling and therefore the shift to the
left and/or the scaling factor increasing the accuracy

would interfere with exactly this same scaling level.

At this point exactly, the effect of a positive property of
25 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 eifective 2% in the
30 signal energy domain subject to said safety distance.
Temporarily, the number of shifts to the ieft 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
35 calculated with such high accuracy, is now converted into
the logarithmic range - in the following sometimes referred
te as LD&4 format - then same is still present with the
maximum possible accuracy. A shift to the left of the



representation of the line energies is maximally accurate by neans of the
prescribed shift to the left by for exanple s bit positions in the
frequency line and/or anplitude domain, and/or by the scaling by an
effective 225 in the 30 signal energy domain subject to said safety
di stance. Tenporarily, the nunber of shhfits to the left perforned in this

frequency group, i.e. the value s, nust be noted. If the signal energy

val ue of the Iogarithn1function shown in Fig. 3, inthe following referred
to as LD64(), Jg sl3§e%a£guiaged Mggrbéuggg hgg AGCHEACY xamS., QW
converted |nto Her range. - I

n e wi ng smml{@sgﬁewed
to as LD64 for$ﬁﬁf%tﬁﬁ1f9§né3f§ ?fl?lbbF%sb%t t?ﬁ%ﬁ%? nﬁx?nun1possf%le
accuracy. A shiftes:0 the-lefdriofrtiberandy, F.reeqadhiey Hines By i19biinhow

corresponds to far examlg %or§@éf§>c§nc§50 ﬁ@eahefatddQYLBn biokes 2i/mat hien stignal
energies in the | i near, non-| oger gnlc Igngg (% Lg% ?% t he squari ng,
and this ih t ¥ CESIFespbAE at 1R 68 % 6aLPR M R T 5 | ogarit hnic
range, as 2/64 = io0g2(22)64 = LD64(22). In order to restore the original
scaling in theygigpal, eRergifsrkn dfe 4.064 {f:0r adalienl yira swbdt sactibn with

2*s/ 64 nust be effected e Qrr S he. p aushy not ed
shift to the | 8T Df"% 6rou£§§pﬁ$%%uéhc§£ﬁ$%ingt%ugg(%ngs%sEb?%@%tlon

however, does mMﬁtr%%LﬁffﬁQ$%§r ["8§S e bF 3068F5%®pcﬁﬁﬁrﬂ9\ﬁﬂq &”ﬁﬂﬁguaf% | ost
and/ or shifg ednoted , sasznwouled fe: t hefecased witdh grshpfs toethengy ghtnén the

| i near range. % estr%%gggggﬁtpqelghesygﬁ@v@geseﬁgslnmkhex%@1&064lf@rnat
which, as wll

| ai ned 1n the |.0 is.a nta
furt her calculéf?%n i T1Hé “4udf'd n%h%%ﬁ%ik%ﬁﬁmére 90?% %hsgg%urgcy and
the same scal i agt, far wﬂdldsbgnaheeme$@yNVé4@e§ﬂlﬁ© w@t%ﬁetqﬂﬁ &bdpethe

di scussi on of ibﬁeﬁlmg@ e&haepl aly sl ages enebgl be embodiamnts iaf thbe

present iny, iln the ko t.h % reed, ?po ﬂ?ﬂhﬂo?ﬁn he

pr esent %% # oh Wi Be Q% é&%%%“‘ %Fgai'% def ai Wﬁ% spect&
is advantageous for the further calculations in the audioe
encoder anyway, with a high accuracy and the same scaling

for all signal energy values.

20 After the above discussion of the principles and advantages
of the embodiments of the present invention, in the
following, the preferred embodiments of the present
invention will be explained in greater detail with respect
o Figs. 4-7.

25
rig. ¢ first shows. a schematic representation of an
apparatus suitable for calculating the sum of sguares 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

30 the hardware expenditures within reasonable 1limits. 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
35  the N-bit fixed-point values, a sum-of-squares means 24 for
determining the sum of sguares of values in the registers
22, - 22y in the non-logarithmic range, scaled by an
adjustable effective scaling factor, & first result



to Figs. 4-7. 25 Fig. 4 first shows. a schematic representation of an
apparatus suitable for calculating the sumof squares of a group of N
x-bit fixed-point values, while on the one hand nmintaining the dynam c
range and on the ot her hand keeping 30 the hardware expenditure within
reasonable limts. The apparatus is based on the previous considerations.
The apparatus of Fig. 4, which is generally designated wth 20, includes
Xx-bit registers 221, 222 ... 22N for storing 35 the N--bit fixed-point

val ues, a sum of ; SQUAr es; r@ﬁ“sla%ﬂz"ﬂ;.@& @ﬁéer-éwwgaﬁ henes wameb s quasess of
values in the re |sters

221 n t S ed by
an adj ust abl e*@Ftecti-vEEeal itﬁg ?%‘&rbor O?%?Q?Aer!é %bmf%r rcmr@etg,algrtaéer 26
for |atching theeresulltc dih tthe seswbf - Wrt% 2frebins® 4 1PAAsTPOPE T aki ng
t he Iogarlthn1g83£5gm§qg¥ﬁﬁkl@g lg{g»rﬁﬁukﬁ-uarthﬁnqeﬁwl&emegtstérvmﬁ into

t he LD64 format econ res LSt 30.fo t n spht of
the 5 nmeans fo’i‘le??ﬂ(l Y tHe ﬁn(?gaﬂet O%%l%g%s%sa |%egcar$égﬂg %‘mg is)?rgéécal i ng

and/ or rever si ngswﬂa-r?ges?(mﬁ/loﬁg P eEREnG et tl‘EHFaltlﬁé F’éstﬂ‘? F@@F%it et 30, an
out put registegrndd-£o0d aterfiisngr Bhe 414 naltpuesuktiasei t34 Fogutlpaehbydy

rescaling means, 32, and . caRLr ol {PANS (36 GRS 11 chhy LSrsCab] naha
e

effected by th f-'squar es ans reversed by, the r sc%éng in

reseal i ng nean§03?r0%uﬂﬁqn§rgﬁe@”ééf%@?nqﬂ%ﬁgﬁbﬁesﬁﬁ h € éhffﬁg actor.
After the indi giduat-opnpesentesinef Ztéhelapparates: 20y have rEBCpedr In

described, thei.L.cooperatibonsi not hey ol eakion Of asUBBni MifngS qties egominbh be
described in the fol | ow ng, wherein each interaction is indicated by

respective arr W8 *+Xs s Ar ready been nentioned, the values to he
subjected 20 to the sumof squares are first present in the registers 227
- 22, in the xarbiét th¥ednpoindudiorsminorAathastalse gppevidus| §0bberne

eXp|a'ned,15heﬁsexabggériﬁgH}”EHQT% Q%operation in the creation of sums
of sgquares will be described in the fcllowing, wherein each
interaction is indicated by respective arrows.

As has already been mentioned, the values to be subjected

20  to the sum of sguares are first present in the registers
22, - 224 in the =x-bit fixed-point format. As has also
previously been explained, these wvalues, which may he
frequency line values, may clearly diverge:from one another
with respect to the number of their wvalid bits.

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



frequency line values, may clearly diverge fromone another wth respect
to the nunber of their valid bits. 25 The sum of - squares neans 24 now
receives these values in the registers 221 - 22N in order to subject sane
to a creation of a sumof squares in such a manner that finally a sum of
squares of the values in the registers_22g = 22N 30 will be present in a
fi xed-point representation in the register 26, scaled by an effective
scaling factor adjustable at least indirectly by control neans 36. Here,

it is not absolutely necessary .that.the result tegistefen2biiohndéd i ch
sum of - squar esm‘??é}fnﬁziux?\??]tee% “t Rebjs“hrﬁ 0‘1[ S?Osquar eligresul . have 2x bits.

Rather, it wilfeddt,suhtreiem=eig83PsYhi it éd at by the partial dashed-1ine
representation of the register 26, if the sumof-squares - 19 neans 24
supplies a y-bjf é,igef-m!&hgte!@&@S@B&@h’bﬂr&&fa_st he pehesubtiamheriei me

pr ef er abl y% = X. hl‘n fie ol Fow n , LWo possi ?I“J LLles i parti syl ar, w11 be
5 singled cut $H®oW RBW stitn ot °8quarés Thris 24"hay° consi der the ‘scal i ng
factor i nfor nmatémon dfaromheostr blngretans 0x36 HEATHR BN tTF SFuCHiE*Phe™StH ed
result in the §g0iStgre26c, @ndOWne0BESDid NRAAS 360 MEe deliernenel§he

scaling factor_ _information.and/or e eff L ve scali.ng.factor ¢ whi ch
10 the result FRCtHE re@t Y é“&ﬁ”s“?etragzgg' ssgég%/@cﬁ ?Eceh%tcﬁgg%gnga%?i d bits

will get |ost byiovertficowanBasedtbn €he=Ptetedidfg d6s AFPPFonY t Ba F1 r st
possibility; coprsi sts.idl GOMH=0lrcRANS r3§i anal yzd ng tdvalednt ents bathe 15
registers 221 - 22N.in bc])“rtge&iip et gg%ng the. .efifective scaling value in
advance such that o ‘overfl ow occur § t he subsequent sunmation of the
squares of the values in the registers 221 - 22N. This would occur if no
overflow bitskEuese pneseat piecanngddistsitonptadoul Brd NG it SE18HM 20
of - squar es Mmeapgy 244 N Caled b Fighs SonNd2138ingrid ddigenkat est tivbien the
"OverflOmnissqgggggggggongqgrgx$vl ugr&ér te determine the effective

scaling value in advance such that no overflow may o¢cur by

the subsequent summation of the squares of the values in

the registers 22, = 22y. This would oc¢cur if no overflow

bits were present in an addition caleculating unit of sum-

20 of-sguares means 24 indicated in Fig. ¢ with 38, or at the
latest when thse “overflown” sguare and/or energy value is
written inte a memory cell 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

2% information such in dependence of the number N and the
maximum numper of free bits in the registers 227 - 22y
and/or the maximum of x minus the number of the valid
positions of the individual values in the registers 22) -
22¢ that no overflow will occur in an output into the

30 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
35 which the result in the register 26 is scaled, via a commen
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,



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 information such in dependence of

t he nunber N and the nmaxi mum nunber of free bits in the registers 227 -
22N and/or the maxi mum of x m nus the-ngober of the valid positions of
the individual values in the registers 221 - 22N that no overflow w ||

occur in an output into the 30 register 26 and/or the result will not |eave

the value rangg of .odndP ls@XGl4ST MRlYorl n part hasl apretheugont ristermeans

36 may, as has previously been nmentiqgned, adj the effecgtinvgiscald ng
factor, by 359W1]iaclﬁ‘e;éhe “}aé’su?cfrﬁler?pfﬁg r%ggiast%&éz% ?s_ scal %d,t yi,a a common
scal i ng fact oradwiach sché isane Hithsquarees meand 224t 1§ 7e< %110 *§6 4% t he
regi ster conteptSzddeved2BN atsiie veeyatbegimnichg, Lefe. Tpritoist oathe

squaring 40 'D+DQEE¥§P£%é’bé %%ceEQEI%P nps¢ahi.ng %ﬁgﬁgﬁmeﬁsa@@@e,
previ ously heeh™ éXprai néd, "y COrrespon

T ) to a po rf%ﬁZ, Segtgggéhe
advance scal i ng®¥ Ehe GaFUes SAYaERE FEENSL éfs 2991 ~ may © T BEAEHT eved
by a shift operasilss t @st hend efstuakinghi siCcasé, Hhawdhdivictudie pezkdBary,
as has been explained abave,.,that, bthesupxgfsisquaces rdans 24naddids the
internmediate results of the squari n{qs 40 of th |rrég}|i\s{kgya56_sc%!_agg r
register contehfsCPRPat 2%7Fi ¥&4¢pbi At dafa TSt ““FA”oF def ° t 0" ouf put the
result in the resutf-smgirstere26s Eat herld 10egwmefa sytbites’ rednBC 24t woul d
require a y-bitefixadrpeiinh of epreseiiati-an:0f dhedinyerardiat eizsquaring
results 421 .. ,o  480,00kY, J08SUTIRLEOD. 38, AG[ASS nRkLnd M AIIRALAL Eng
squaring resulf® ﬁ\f - AN |éids't e Tlna result o ﬁsun}o%rsguares
means 24 in theepehistin 26424 3iARBE hehe fuMtHerrsgBsEi B | 157 F6r IR T &Y ni ni ng
and consi deri ngeathe2scal thg fagiorerwddl.d be sum of - squares nmeans 24 first
subj ecting;4he register contents 221 - 22N to the squaring

Another further possibility for determining and considering
the scaling factor would be sum-of-squares means 24 first
subjecting the register contents 22, - 22y to the sguaring
40 one after the other, in order te obtain intermediate

20 results 42; - 42y in the 2x fixed-point data Fformat. Same
would ther be subjected to the summation 38 by sum-0f-
sguares means 24. The resulting 2x fixed-point sum-of-
squares result would then be exanined for the number of
unused bits and/or the difference between 2x and the number

25 of wvalid positions by control means 36 in order te 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 ip

30 this procedure compared te the one described first is that
the internal calculation expenditure in sum-of-squares
means 24 would be increased, as values 42; - 42, would have
to bhe processaed with a word width of 2x, and in particular
would have to be subjected to the summation 38, For this,

35 either an addition calgulating unit with increased
performance capability is required, or else a y-bit fixed-
point data format addition calculating unit having an
allocated overflow bit must be controlied more often, With



40 one after the other, in order to obtain internediate 20 results 421 -
42N in the 2x fixed-point data format. Sane would then be subjected to the
sumat i on 38 by sum of - squares neans 24. The resulting 2x fixed-point
sum of - squares result would then be exam ned for the number of wunused
bits and/or the difference between 2x angit he nunber 25 of valid positions
by control neans 36 in order to have perfornmed a corresponding shift
operation to the Ieft by a respective nunber of bits at this 2x-bit

sum of - squares,, % ¥ §y@§0f:§gy@EE§ ARans 2éanbefpr e ichedl attert enters
the resul't into the resu t reqgister %he dlsa§ ant i:n 30 50L 1y
procedure conpaferfd ottthe’ dhieSdedtry }k?ed”efqlrsﬁe S [\éﬁat he "i'nt éf na

cal cul ati on expeadiliam esvirnusub® ofhs Quabes ©rBefP R4 wWsarar be’ i NEtedded, as
val ues 421 - 421%,woul.d Qg;\f%r t.qbe fr0cessed wbiilm@ were-dindt hcof ti2x, and

in particular woujd hav e.subj ected to f. on,, ratdis, 35
eltﬁer an a%dlﬁFﬁhl%%lEGFBTTndqgﬁF?égﬁ?Wl %crég%egg per%opngﬁcéﬁgaﬁgﬁlllty

is required, opuebse wmg bt r¢gxEdr Béi-nt data format addition cal cul ating
unit having an allocated overflow bit nust be controlled nore often. Wth

21 this possibilit um of -s I nL Gare &he
PoSSI Bl LY. SUmolasQUares NPans, 240yl b Lainc 0

values in the 38 the

and _t hen
2x-bit fixed- p@ﬁnblsaudﬂ€3$§ﬁaé§632%6 ba%ZNjéW&taff’érytﬁa éfélPﬂg resul t
according to the bnstldd rgpbachent mﬂﬂmﬂratiﬁopr@fenaméycgmplwmmﬁdt w3bland

out put same to reglgg@r 2% g an, emrog neg@ucgﬂyﬂ:htbs prggg{fgﬂﬂe *5
i npl enment ed with x = the .reqister has, a IeQ%_@ g

posi ti ons. 10Fﬁﬁfﬁﬁﬁﬁﬁmﬁséﬁﬁﬁﬁﬁﬁeﬁp mﬁléﬁu?rlRQé¥erab |nplenented with
x = 32 bits, aipositiven m@duawanaﬁod%fpégltﬁWﬂuﬁQQ?rH&grﬁbrnﬁHE%ﬁ $66n as
in the squaringghArendBansg 42lcr 42NtodiRgaivey @s: segisasr dutiang the
squari ng Oi afte&m%pwonsgy %# e wﬂ%%'%?v&>é§kﬂkkﬂgcknhpliQ% regi-st er.
Then, the g surmatron is effec a wor X hits &%

the register thus only comprises y = x positions. <]
means for taking the logarithm may then preferably also

comprise X positions,

20 By means of the effective scaling facter, the number of
valid bits in the result register 26 may be adjusted almost
optimally. Now, the means for taking the logarithm 28
receives the vy-bit fixed point representation £from the
register 26 wherein, 1f necessary, the remalining bit

25 vpositions of a higher accuracy are discounted, and subjects

same to the LD64 format conversion discussed above with

raspect to Fig. 3, in order to enter the result inte the
register 30 in the z-bit fixed-point data format, wherein
preferably z = y, and preferably y = =x.

30 '
The result in the result register 30 represents a scaled
leogarithmic representation of the sum of squarés ol the
values in the registerxs 22, - 22y. The rescaling means 32
now reverses the scaling by subtracting frem the scaled

35 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 mentiocned,
amounts to Lb64(s), wherein s be the effective scaling



the register 26 thus only conprises y = x positions. The neans for taking
the logarithmmay then preferably also conprise x positions. 20 By neans
of the effective scaling factor, the nunber of wvalid bits in the result
regi ster 26 may be adjusted alnost optinmally. Now, the neans for taking
the logarithm 28 receives the y-bit fixéd point representation fromthe
regi ster 26 wherein, if necessary, the remaining bit 25 positions of a

hi gher accuracy are di scounted, and subjects sane to the LD64 fornat
conver si on di scussed abovehict hthe espect touiiap i3, tha pegert t'eéJeRter the
result into the, register; 30 in the z-bit fixed-point data format, wherein
preferably z =y, and preferably y = x. 30 The result in the result
register 30 represents a scaled |logarithmc representation of the sum of
squares of theThvakeesli ria eepeghtper sipXhe 22NsTThe?t estdlieng litédns 32

now reverses theigcahing Dynsubby actddng itpomedhe s9cal ed 35 value in the
register 30 a correction value 44, which it receives fromcontrol neans

36. In the case of the LD64 format, the correction val ue, as preV|oust
mentioned, anBefesring LDBA(FS)Y, vherei KO8Tbe Ffid i8Ff #EFi v %Efal Phgthe2o
factor with whitghct hen sim:=0breguares drbotifefiesed ttheegirstent 2fvensiscal ed.

The result is ghggogytpqizgg th% register, Qzln thegggggg&ES QQ$Q%ag@ta

format by rescalin errlng to Fig rou outl i ne

given of thé FHRCET B O o8- eréfE'err"e& SHod FBiTE LB t HE® pESat PRy Bt i on
wi t hout goi ng febet hegparmtosa pPos§ibl e harndwarle gbhd lynplerentatéon. Fhg. 3

showsda polssi -?lﬁ Spk APL eet Q’tl'g]?nﬁofwhlt(ﬁle 1%p@@ﬁ@§é@v0fdegh9naﬂedlm iSh ght 1y ]
00, ictudes SRIBRy 2 T P67 At b - el PET ng neHS SEe e Squar o
68, a surmmer 76, Sawé@lar@& hrﬁtsa%@ﬁr??()raad]r%whm taker 72, a divider
15 74 and a subtractor 76. A1l modules €2 - 76 are connected
in communication with one another via, for example, & bus
or else a program interface 78, Means 66 - 76 may be
implemented in hardware but may also in part be respesctive
program codes performed by control means 64 in order Lo
20  accomplish the respective tasks. The modules 66 - 76 must
each only be capable of processing x-bit fixed-point data
format operands. Among the modules 66 ~ 76, the modules 66
- 70 form sum-of-sguares means 80, while the logarithm
taker 72 and the divider 74 combine to form mesans for
25 taking the logarithm 82,

Control means 64 1s for exanple program—-gontrolled and
causes the sum~of-squares creation of values, which are
deposited in the x-bit fizxed-point data format in the
30 memory %2 in the x-bit memory locations 84, ... 84y, to be
performed. The exact fonction of contreol means 64 is
discussed with respect to Fig. 6. Here, it is specifically
assumed that the x-bit fixed-point wvalues in the memory
locations 84, ~ 84y are frequency line values of & fregquency

35  group.

First, contrel means 100 examines the frequency line values
of the group in the memory locations 84; - 84y and adjusts a



i5 74 and a subtractor 76. Al nodules 62 - 76 are connected in

communi cation with one another via, for exanple, a bus or else a program
interface 78. Means 66 - 76 may be inplenmented in hardware but nmay also in
part be respective program codes perforned by control neans 64 in order to
20 acconplish the respective tasks. The- rdddl es 66 - 76 nust each only be
capabl e of processing x-bit fixed-point data fornat operands. Anpong the
nodul es 66 - 76, the nodules 66 - 70 form sum of-squares neans 80, while
the logarithm cbaket E%aamﬂlgt h%cdjo\fi dernhg4 a@@ﬁbtmﬂ oihorsapeansof ors 25

taki ng the | ogari.t hm 82 i.S r agxcC roll ed
9 9 f£%ﬁﬁ asC% E rEié% d FQGe mhléﬁ:%aggg b @HE !

and causes thé& -5q uares creafl on o are $os;ted in
the x-bit fixeduposht! daaitda Hhgr F?ﬁfll?“l*ﬁtrﬁé”% FENBRYSED BiF PELLIBRE Thenory
| ocati ons 841 the-m8AdN vy t Dodae icper Bar red 4yThepexaticdlinct isensokdtont ¥ ol

means 04 15 diaguaafoy L@a!i%%&e@gc% FLg. 46.pdfene.od tzlsswecaéleally

assuned that the x-bit ol ntf _values in t ations 841- 84N
u

c
are frequency F"tl‘ﬁ%r%qlt)’é"slyof C&”FF@},] BRRY° 58 ag%ﬁ?ﬁs F‘?rﬁ?lg ontt'dl ‘freans
100 exami nes t heitnegueneypdidre val ugs ofwidie groums nfadedimedor ythe

l'ocations 841- céﬂ%@ﬁdﬂ@ﬁw&&&s 33 @qm@ sgaldngnf agt ohceTher or

adj ustnment in stt;g OjN ﬁ dﬁm s ﬁ% been expl ai ned above, on the
basis of the e rﬁﬁdsf:ﬁ’é hiTRIm-AGHEYY of unused bit positions in
t he menorylfocations 841 - 84N. Specifically, sanme adjusts 5 the common
scal i ng factor thosaspeyefuedfc Zrefuch2 ascdBrolAeennatt velysecanttolngeans

od adj usts a SQLLLs VES U, Suns AR COREESPONMS 2 WA FONTDD, SCALI BY, T act or

2s. The ccntrol rreans | nter na ext er nal
regi ster 101 for BIAatEh?‘hgthﬁofwﬁ%pé?dbéé&ﬁeﬁtal’s‘?@pofo’éheCBHP‘P%I t?re‘éﬁ% 64
causes shiftingefneans 66240 minfttictise conrdans 6P tthe memsery [seeations 841

15 factor and/or the shift value.

In a step 104, control means 64 then causes the sguarer 68
te sqguare each value in the memory locations 84; — 84, and
to write the upper half of the 2Zx-bit result back into the
20 respective memory location 84, — 84y. The sguarer 68 is for
example a multiplier, wherein control means 104 writes the
respective value to Dbe squared from one of the memory
leccatlons 84:; - 84y into both x-but multiplicand reglsters
of the multiplier. The squarer may internally include for
25  example a 2x-bit result register, wherein control means &4,
however, makes sure that only the upper halilf, i.e. an x-bit
fixed-point sguaring value, 1s written Dback Into the
respective memory location 84:; - 84y, Alternatively, the
squarer calculates only one x-bit representation in advance
30 and therefore has only cne x-bit output register.

After that, in a step 106, centrol means 64 creates a sum
across all contents of the memory positions 84y -~ 84y by
means of the summer 70. It may begin with the sum of the
35 first two wvalues and writes the result inte 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 subseguent



- 84,, with the frequency line 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 neans 64 then causes the squarer 68 to
square each value in the nenory |locations 841 - 84N and to wite the upper
hal f of the 2x-bit result back into the 2Q respective nenory |ocation 841 -
84N. The squarer 68 is for exanple a nultiplier, wherein control neans 104
wites the respective value to be squared fromone of the nenory

| ocations 841 ;. 84N ipfo g@_gg%x Rt cm.-ﬂetr' pémccaedemgm&t e sch Ofermaaus
mul tiplier. The squarer i nter mi.l 1 ncI é,l% %8{ gée Eggm@l =it

resul t registelalifhet®i ﬁh%oﬁ‘ﬁ?‘BfY es sure that only
t he upper hal f Aliematdwekybi tonlfliC)(Jed“ﬁ@@lSnl@stq@ufarfﬂ%f@? aliGe FPRE WRT t18h back

into the respegtiye.f@0fdtd ogat idn G4l mer@4N. pbkieroat idal y, 88hesndquar er
cal culates only one x-Dbit representation in advance 30 and therefore has
onl'y one x-bit=60FPit""égiEtar. After that, in a step 106, control neans 64
creates a sum across all contents of the nmenory positions 84, - 84N by
nmeans of the syames 7hepl t 10BYy begivroli thethe sidm ohet helr88 ictst 1253}

val ues and wri to hi 1] €136 sl thece bit
fi xed- poi nt daé‘ga? {E%r[ EC%XFE 2 Qa.na%% cor%et ?gﬁbrrregggs%%%; gﬁto e % he
t

summer 70 in oFEBFLY &O%doﬁh%6v£% AfieR ERES fdfofyVp o %881 67 he
subsequent 124 tyal uesuioneafaéer Thheiothevedrdeoveswii tef edeh jooevi bd

value in the negpLy l-gcatjon 86 g\g{g,kbltéﬁewfg@@gdl BgcsuUmnt oAl tief nakihvely,
control neans 24 may ma%g—; sure, thgrtha qu]t d!}}ehvgesktgn |fnttgeorgiqv%e;he
e

menory positi on€°841°" BAN Fhd*® 5 ACcU f control
nmeans 64 then i’Ast Afictdet KéviFogal Pt AMPRERES 0?22to“f1§kéilf’ﬁ€e¥o§é Ft R of

the sumin theinfeamncdoaat konifhl e andfal hermdarat. the divider 74 to divide
10 the resukt by 64. The internmediate result of the logarithm taker 72 is

for exanple witten back into the nenor . ,
P After the step IBB, & g%aled representation with the

togarithm taken of the sum of squares is therefore present
in the memcxry location 86. In a step 110, the control means
therefore instructs the subtractor 76 to subtract from the

20 value in the memory location 86, which is divided and the
logarithm of which is taken, a value dependent on the
scaling factor s stored in latch 101, L.e. the wvalue
2*5/64,

25 After preferred embodiments of the present inventicn 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 1is
implemented,

30
The audic encoder of Fig. 7, which is generally designated
with 150, includes transformation means 154, Jroup energy
calculation means 154 and a code stream generator 156,
which are connected in series betwean an input 138 and an

35 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, ths



| ocation 86, as is for exanple the result of the divider 74. If the
divisor is a power of 2, the divider will be inplenented as a sinple
shifting nmeans. 15 After the step 108, a scaled representation with the

| ogarithm taken of the sum of squares is therefore present in the nenory

| ocation 86. In a step 110, the control. peans therefore instructs the
subtractor 76 to subtract fromthe 20 value in the nenory | ocation 86,

whi ch is divided and the | ogarithm of which is taken, a val ue dependent on

the scaling factor s stor nohatchy 1011 J .8 tohed\{alag@ a2¥si6h. Li2b After
preferred enbo TENS O twﬁ)g(:h 8l§e%1t |lnvent§)| on r?ave een %§cr3| bed, above
with respect t@uqtligsqhill“t‘ﬁ O¥nti‘ﬁe e“F(S’PFSV\AOﬁ‘éaar?”err%Od t'“for an audi o
encoder is di seussed,160i.nadhhshyamappicanusnateor ding t ¢othéses ehbtidi nent s

is inplenent e??]e BDodT@%taftéanoggpgpg@gl ofs ¢Fiig. czupy\@@ cto i segerferakt yon

desi gnated _wi includes transfornatio 5 oup; enel oy
cal cul ati on® rre‘a%%“SlSiﬂ and a“Q ofECH 18t ‘?ﬁ%’enerat or Q%% %earg%c are connected

in series betweesdla:k mpuh.158 and an 35 output 160 of the encoder 150. The
code stream generator 156 uses a psychoacoustic nodel 162 in order to give

off irrelevange inf rmationf xanpl e . fram kgnaly; 164t be
encoded and pre8&nf at° t At¥1h 0{5;?5%,1’835'[%{; v ﬁ%dﬁs%%ggczgjo whi c %nl

slightly or ofoat cattiok Tt 1 aadig &HéFPtﬁa%?lﬂtwe V@%&S&edwaéi”&
stream out pyt abré ham@PUputithbCa Atddrarghinet showhingm ﬂfn@ueﬂcyrt”b%ul d be

that the code_sirea tOr IS, ,-C | ed .t 0.4 ranstoxdat oy Sporans
152 or to group éncgr@ ggg?c%]@tllé%?nggﬁs%fwea a ? -

audi o si gnal 16&”&?‘%36% et hECi APLLC 15871 6T5e§gﬁtres?nte§ka5ﬁ%| Qttlge

sequence of audieisanptimyg val wesreiwhi e vertical axis represents the
amplitude A in arbitrary units.
15
Then, transformation means 152 transforms the audic signal
164 from a time range into a spectral range by decomposing
the audio signal 164 inte its spectral constituents.
Transformation means 152 may f£or example specifically
20 consist of an analysis filter bank having 32 band-pass
filters. More precisely, transformation means 152
decomposes the audio signal 164 into spectral componants
section by section. The sections or frames 166, for which
the spectral decomposition is effected, overlap in time by
25 for example 50 %. In each spectral component, & spectral
value and/or frequency line value is created for each
successive frame, which is illustrated by means of dots in
the épectrogram 168 generated by transformation means 152.
This way, a frequency line from a sequence of frequency
30 line values is created per spectral component, wheresin the
frequency lines are indicated at 168 with horizontal
arrows, which are wvisually split up in freguency line
values for the three indicated frames 166 only. In the
spectogram 168, an arbitrary number of freguency lines is
35 arranged aleong the spectral axis or frequency axis I,
whereas, however, the actual number of frequency lines will

be larger.



10 were sanpled with a predeterm ned sanpling frequency. The audi o signal
164 may for exanple be present in a PCM format. At 164, the audio signal
is represented as plotted against time t, wherein the vertical axis
represents the anplitude Ain arbitrary units. 15 Then, transformation
means 152 transforns the audio signal .164 froma tine range into a
spectral range by deconposing the audio signal 164 into its spectral
constituents. Transformation nmeans 152 nay for exanple specifically 20

b ool sel y, {1 AHSFOH it 108 RESRE Y s tha aud 6. S danan. 1641 nto
gpect ral yé:orrpcmﬁt—jl‘hﬂtrsz?-t0§eclt5i60ri‘”'blyl SERITTGNS THE sBETI 6s oart%f réat?r%glmmg[% f or
whi ch the spegitalendecenposbiié ont iemreffeaetetsr o\ |4 S n PPV HES by B f or
exanple 50 1. ln ggh_aﬁgg%r%gg%)f@oeg@t spBc SPECt Aakompialite cand/forall

frequency line valle I'S create or .each _sucgessi fran Lchois
i |1 ustrated bys e loCOHBPREN T - (e 55%1‘?%9%5?% %%ygéﬁgggté\lg i

b
transf or mat i onupreans riBdg cThivsyweyscaskieqaenestd | g ﬁéﬁ]‘lass%a%'erﬁzse of
frequency 30 Iipe valuesdi sycsieatied. per spectral conponent, wherein the
frequency lines are indicated at 168 with horizontal arrows, which are

visually split up in frequency line values for the three JOndi gat gcq r ames
166 only. In tRer wpecoegr aht 168, JeafIaF bR rkY AGrbaroof | reqliehicy T nes is
35 arrangeg al ghgedheycsRectbal 1 Birmworpbepffusridy arisifss, virer eash dbwever,

t he act ual nun‘ggr of .fLeaquency | iness Wil .qbeil@rgelencr¢26vabasedion. the
spect ogram 168 us created, t he code stream  generator, 156 tVM[e” %e%]grate
ato 5

the encoded dabhest¥eff STH2TEHi Y &ng, PRETote "ErP&4m Generator does,

however, not eguants alinvays Eeguigaresyt Benspectuysd. deconposition of all 5
spectral conmponents. Rather, the frequency lines are split wup according to
pSyChoaC0u§£icTﬁ§gegg c&fgé{&%r%%p%e%%grmgé by group energy calculation
means 154. It calculates the signal energy for each group
170 of freqguency lines as the sum of squares of the
frequency lines, wherein group energy calculation means 154
is for example configured as shown in Figs. 4 and 5 and/oxr
20 functions as described in Figs. 4 - 6. The result of group
energy calculation means 154 is sequences 172 of signal
energy values, i.e. one sequence 172 per group 170.
Therefore, the signal energy seguences 172 have one signal
energy value per frame 166, which is iliustrated along the

25 arzows 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 16Z.
30 Here, one advantage in the reprocessing of the signal
energy values in means 156 is npot 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
35 range enables simpler execution of multiplications,
exponentiations and divisions, as these caleulating
operations transfer into simpler additions/subtractions and
multiplications/divisions in the leogarithmic range.



is indicated by circles. For the code stream generation for each group 170,
the code 10 stream generator 156 now specifically requires, for each of
the frames 166, the associated signal energy value, i.e. the sum of
squares of the anplitude values, i.e. the sumof squares of the frequency
line values. 15 This calculation is pecfesned by group energy cal cul ation
nmeans 154. It cal culates the signal energy for each group 170 of frequency
lines as the sum of squares of the frequency |ines, wherein group energy
cal cul ation nmeans 154 is for exanple configured as shown in Figs. 4 and 5
and/or 20 functions as described in Figs. 4 - 6.. The resu fgraup .
energy cal cul at# oﬁrﬁ%’én§:°15£“i"§t§é‘aﬁent%‘é'§’17C2°no:Tld§3irgngzi © Jé%\%?g)?’vglli%es,
i.e. one sequestsdEr? opeFigr oUpULPOL tiMherrefMEe, dehe SiXfFEl ener gy
sequences 172 have one signal energy value per frame 166, which is

illustrated along the, 25 arrows 172, by ans of dot - Based o these
sequences 172 b?gstﬁbﬁ EREPGYF v %ué%?'tﬁglgcéggig%g% ﬁﬁgenqﬁator:%%§ t hen
generates the encoted dita tists eansde0 oF t Hedbhaditdes (H9SyChoatdustic
nmodel 162. 30 Herpid<one: atvantagedrait heiseprsoepssihgmoficidhe si gralch ener gy

val ues in neans_ 156 is naqt _qnly | yes 1hei ng., pLESENty i Ned sl Ex&d- poi nt
data format hag?%g %%éeséﬁﬁgﬁﬂnbé§%%%§%%ﬁts as ?5 uencyan val ues were

|t Jine.
present, but afs8dctiEiofaPieshdeiTFgIPrBEER -G PRE Fﬁ@aﬁVF%ﬁﬁe range; as
this 35 range enabbes isiplkerpextoutsi on ofaulitstpbincavigns the signal
exponent i at i ong @ﬂ?iéﬁ ViSi OnSynase jiese cal eyEati ngisopayabiorg ikt anst er
into sinpler addj | ons/,subtracﬁjion]smancst;l.1 ggiti I&g%ggon%éghgiskgnstﬁg t he
| ogarithm c rafiges 29a5ﬂ%¥'oﬂﬂg t& Fl1Gst¥ate Thi's, consider the case of
the encoder ofo@ g tificut PRAMEINGRE -MPEG dat 4 5st4¥m °% TheYRudis  hcoder
of Fig. 7 is feslexaiple akMEGsAACThentpsenodile thirplyaseicthetende
j\;].r eﬁm genggat oL, 156 hel ncl udgsasgNS(tpoLaL - 0Ql sg shapi nglaroad ex i n
1 C -
shift operation to the right of the operand a on the left-
hand side by the number b of bits on the right-hand side,
whereas LD647() be an inverse function of the logarithm
function LD64(), and LDE4_SE be the signal energy value in
20 the logarithmic LD&4 format, as 4t 1is output by  group
energy calculation means 154. “»> 1”7 therefore designates a
shift to the right by 1 bit, which corresponds to a
division by 2. The division by 2, as it is effected in the
logarithmic range, corresponds to a square root in the
25 linear range. The minus sign corresponds to the inverse
funetion 1/x in the linear range. The calculation of the
LD&E4"r function may Pe realized with less complexity than
calculating the root of and inverting the result, which
would be required if the signal enerxrgies were fLed to the
30 code stream generator 156 in the linear range.

The code stream generator 156 could also genesrate an
encoded MPEG 4 AAC data stream and would then include a PNS
(perceptual noise substitution) module. The PNS3 nodule
35 internally calculates the distance bketween the listening
threshold and the signal energy in a frequency group 170.
The PNS module specifically determines, by neans of the
distance between listening threshold and signal energy, if



the code stream generator 156 perfornms an efficient calculation of the
ener gy-wei ghted spectrum The TNS nodule 10 in particular perfornms a
calculation with the signal energies SE of the type x = 1/,/S-E. This may
be effected nore easily with the signal energies being in the logarithmc
format LD64, as it is used by group energyg -cal cul ati on neans 154. The TNS
nodul e sinply calculates X 15 into LD64-1 (-LD64SE >> 1), wherein a >> b
indicate a shift operation to the right of the operand a on the left- hand

si de by thef”U%bQElgéggu%$zH%u9ﬂoﬁfﬁ?ﬂ”c?h%hbﬁﬂﬁr&i@%éfDMh@%eagmLmegzég) bﬁ
an inverse function, o arit unction LDo4 n 4. e the
si gnal energy VAPG8*Th Z@HPhe W?ﬁiﬁe hri ¢ 1064 fQ§ bas |b£§§48utlut by
group energy ¢abcabemuaﬂ1OMEaﬁstU%4ﬁCW$$ Q“BF%%W%ﬁﬁ%eklés?@%éﬁé§u5 §h|ft
to the right by;l,pi tené’%;ﬁhcﬁ@&uﬁeﬁtﬂ%}dsuhﬁ)ta 15 vi sinan bye 2.1 iErendnyi si on

by 2, as it |s %E%ggéﬁg in. the logarithi goggggg,Jgprgggpqggﬁrngﬁlgquare

root in the®25° ange. Th& i nus “si gn corresponds to l.nverse
function 1/x |W9Phest$¢ﬂ%%0ﬂréﬁ@é l?he“éaF@GFaFFé%me9??ﬁ¥at956& °%/f ACti on
may be realizednw t hekesszconpl exidryibhancn cal cul atig t hemreot of PHAd

inverting the rge: %gwﬂing\évo%h W%&&%Jﬁgw %dd fcérh,ﬁre%gn%hn@e%gl g8 were
fed to the 30 co

stream generator 156 in nea n%e The die
st ream gener at 6M€158 Sc GGFd &t sB géﬁb?ﬁ?b i %nﬁ%ﬂ%dc%ﬁﬁg RRcC*Hata st ream
and woul d then fiomal udeya= PNS: (EERceptliabcnol s esulsdti £8ti o2 modufé3 The
PNS nodul e 35 ider aalday C@Ihglaglagsesoﬁ{@tdl Bl anaeupet yveaiy vt healdsteniong

threshol d and the sianal efer gy.ifi @ (i eausney OLoup; J70,c The ENSqadul e

specifically d&t"EF i nes, st'ance between_l 1 stening

threshol d and sirgaaly dreigytaeids 2Bnd oo fef e ad@hs it dt i6n SHAG ™ 67" shouPd be

performed. The laakgersxwdynanm gecafdcs el at edhaccuwsacyodaflet hisn | dgar icokigi ¢
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ation uni

cal cul [istenin
in the LD64 format, by calculating the following:

LD64_ Y = LD64 _SEL - ({LD64_SE2 + LD64_SE3) »> 1),

20  wherein LD64_SE# be the logarithmic representation of the
respective signal energy value SE#, as it is output by
group energy calculation means 154.

The code stream generator 156 may for example alsc comprise
25 a center/side stereo module performing a center/side
encoding decision. In this €S module, numerous divisions
are calculated, i.e. from listening threshold to signal
enargy, for the decisicn whether & centey/side (CS)
encoding 1is to be used or not. By the use of the LD64
30 format, as it is output by group energy calculation means
154, these divisions transfer into simple subtractions. The
thresholds, as of which an CS8 encoding is to be used, are
constant and may therefore be converted into the
logarithmic range already in the source code, whereby no
35 further calculation time is required in additien to the
program runtime. This applies to many more constants used
in the modified <code in connection with the LD6&4
calculations, The above-mentioned in particular also



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' determnation. In particular, in a coherence function in the
PNS nodul e, a division and a root calculation in the 10 formof Y = (SEl/
SE2 SE3) occur, wherein. SE1, SE2 and SE3g9 are signal energies output by
group energy calculation neans 134. The logarithm c representation of the
signal energy facilitates and accelerates this calculation to a I|arge

extent. Specifigal ié/s wetr%\l%nr{%qgk@ Iatéh@o cRste 115 oSt eampgeneeat o3 156
may performthe” cal cul atioon of LO % i.e. of Yin the LD64 format, by

cal cul ating t h&8%fHY RRUREGEL * LD64 Y = LD64 SE1 - ((LD64 SE2 + LD64 SE3) >>
1), 20 wherein LD64_SE# be the logarithm c representation of the

respective signgl @&% gé&ﬁé%'m“%eesgf‘atcﬁs 146 i@ yout:putebycorgroup enecgye

cal cul ation strea ner at or.. 156, nay. g al so
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format, as it IS oU roup, ener gy cal cul %%I on 54 seﬂ hese
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into the logarfbt_»laa%c { ange ral rL@@dy £ R thel Soukeencedes» wherelythineods
further cal cul ation

tine.isr Lp. addit.i.o toth I r i me.
This applies tB2¥ahy M5F&°EB ‘gt gﬁlf% ﬁégﬂcmntltyh%ynoscmpl é/d%hqg%ﬂﬁ Uk
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encoder. The cQde SLEERAM OENGLALOL; »IDE JRY JUNL Rl scoppriise @ scaler

bits,

In the scals facter estimator of the code stream generator
156, furthermore for example a calculation of the scale
20 factors SCF, constivuting a part of the ¢guantization step
width, may be calculated from the modified 1listening
thresholds LT and the signal energies SE. The calculation
ingcludes a calculation step of the type SCF = log(k*LT/SE),
wherein log{) be a common logarithm and k be a constant.
2% This calculation may be achieved very elegantly and
efficiently by the use of the LD64 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).
30
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 LDé4 in
35 many cases all but makes the implementation of an audio
codec with high audio quality on these platforms possible,
if a certain audio guality is not to be fallen short of.



5 factor estimator that perforns a calculation of a |oudness. |In the scale
factor estimator, which is for exanple located in a quantizing nodul e of
the code stream generator 156, a calculation of the fourth root of the

listening thresholds, i.e. a loudness calculation, is effected. By
representing 10 the listening threshol d. by neans of a | ogarithm c data
format, i.e. the LD64, the calculation of this fourth root my be

performed very efficiently by sinply shifting the Iogarithmc nmean
thresholds to hg Light g%éﬁ%lgbt§or1$@%sﬁ§N£&§@u§E§p1n 51 @id Mekyki on by

4, may al so be 15 perforned . in a ver shi to ft
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furthernore forfexdasplesazéaleceratéon ofstérigratiere2@lfiacteds SErher
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fallen short oflogzr3thmitheaabeyexexargyeschoed pnssitkl € raodubesl ididcke code

stream gengralgr 156,i0 PArtLeul af,;shoved that,bhg represeptation
+0.9%999,

In the above embodiments, a logarithm to the basis of 2,
the logarithm <ualis LD, was used. In a logarithm dualis, &
20  signal energy value of 0.25 in the linear range corrgsponds
to an LD value of -2. A signal energy value of 0.3 in the
linear range corresponds to an LD value of ~1.73696536. As
on a fixed-point processor, typically either integer values
0r eglse fractional wvalues, but no mixed values, may be
25 represented, in the preceding embodiments, the LD values
were scaled such in the context of the LD64 format that
only fractional wvalues are obtained. ©0f course, another
possibility would be %o choose the scaling such that only
integer valuas are obtained. A scaling with a factor 1/64
30 was specifically chesen, as this facter is applicable to
all word widths up to €4 bits and therefore also covers the
conventional word widths of 48 bits and 32 bits. The
calculatien of the logarithm dualis scaled with 1/64, i.e.
the LD64 format, is performed according to the formula y =
35  loga(x)/64 = LD64{x). In renouncement of the extended
peortability, this factor could of ccurse 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.



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 signals energies and |listening thresholds, nost cal cul ati on steps
are performed by nmeans of a division or nultiplication. A division
therefore transfers into a subtraction_ang a nultiplication into an
addition, which results in an 10 efficient representation and processi ng of
the signal energies and listening thresholds in an audi o encoder by neans
of the illustrated logarithmc data format. The signal energies in the

i near range, i.e. in the non- logarithmc ran are [epres d the
fractional fixBtyl5 poione Eag L4 , Chmi L8 g§h3 {at e ranggtrgf Mlls

+0. 99999, . .. |Bh&hﬁﬁﬁhﬁweleﬂbodmhentse albggathhntﬁ@ﬂﬂheohasﬁ§mﬁ e the

| ogarit hm dual | gc (fl% was uggd.., I e 1 egaiidhm dualisina a 2(flsdegnﬁbpemer gy
val ue of 0.25 in"the 11near Tange.corres onds to apn LD v%gge ol e

si gnal energy V%@{ﬁﬁ%wj@lgnlﬁ”F'é Vi M9AF rHige “¢8F Fesponds to an LD value
of -1.7369656. (Ascson @ Di. RedeHbimt sprocessomumopsi eal Pyt Vel VEAt dger
val ues or else fractd@nak-vabues:c:but, ne fixeadgealiuesic negrdee 26ich,

represented, in the pr ecedj emhodi men he, values rwere gcaled such
in the context *8f “tHE ff%4i§%h hgg-tﬁu % frg%if%ﬁg values are

obt ai ned. Of C@DtﬂS@fo@hd‘t‘Ch’”eﬁ‘ a@@s-sattﬁnt yaWGHHES R Y cﬁ%%l’seeset‘ﬁeté%nng
such t hat @@I yAcbﬂf&gﬁj Al dies aa:ro_ezeotetrabaetdentﬁs,sealtm witt lecgufrae¥ ok 1/ 64
30 was speci fi E%"'% ?:r%rl’on %Ft Qtanfﬁcéﬁrdlﬁsapetbga@&ettt& nadrlm\a%d

e

wdths up to 6 herefore”al so covers entLona

wi dt hs of 48 bllt’éoarfd“eisz BPEELChfHE  Earesl é‘talsona‘[)‘?lqeﬁg }é arl%hm
scaled with 1/ 64zling. father LG4 /oor nete  Eomper f shAdH aeea%ﬁueﬁﬁqe Pﬂe
formulay = 35559921%@/64 = LD64(x). In renouncenment of the extended

portabilit¥ thi's factor could of course also be increased, i.e. upto
/'y, wher efi y be the nunber of bits of the _scaled sum of sguar es mnth t he
| ogarithm not fakegmpodiment of Fig. 7 thersiore represents encode

using a scaled or even non-scaled logarithmic data format
in the psychoacoustic model and/or 1in the gquantization
module for the representation and processing of the signal
20 energies and listening thresholds.. Tt is to be understood,
however, that the above description of the logarithm dualis
and of the scaling with 1/64 is only an eXample. In any
case, the logarithmic representation serves to achieve
faster execution of numercus calculations, such as in the
2% 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 gzimple subtractions,
which can be performed many times faster on a fixed-point
30 processor. The same applies to root calculations, such as
the calculation of a sguare root, a fourth root etc,, which
tranafer into simple shifts to the right., The calculation
expenditure to bhe taken for the transfer into the
logarithmic range is by far compensated for by the speed
3% 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



- 31 Fig. 3 shows the graph of the logarithmfunction. Here, the
characteristics of the logarithmfunction can be recognized, which for
smaller, i.e. in a fixed-point 5 representation actually nore inaccurate,

i nput values X (closer to 0.0) offers a greater nunmber of output values vy,
i.e. a smaller resolution, in the |ogar+tdi-c range, which, as they are

| arger in magnitude, i.e. closer to -1.0, are therefore nore accurate in a
fi xed-point representation. 10 According to the above enbodi nents, a | oss

of accuracy |nastmglgagguhgglng@grs¢£w&§3gaﬂ@rgpesdpﬁnctnEOabheofran6|t|on
into the Iogarlthnlc range massegg%ggg_by the comon scaling factor and/or
the common shi fP9%aT UE Y iF6P £ squaring. 15 The enbodinment of Fig. 7

t herefore represents an encoder using a scal ed or even non-scal ed

| ogarithm ¢ dakaréerivad td nrkhabpsychescaystioo, mdels and/or inverisscod

quantizatiop nRoyl @.[OL, LOE,E CREESANAL 1.0 A ProGessing pfxddgoshgnal 20

energi es and |isténing reshol t o be understood, oqpve&b t hat
t he above descﬂﬁﬁﬁloﬁo%ﬂaqquaIféﬁarFPﬁﬁhchﬁﬂqqglmﬁﬁasofr?Hﬁﬂgébl|ﬁg th 1/64
is only an exampketidm any scase, ofhesdogard tinfi cveépeesemtiat isdiFcsebves to

achi eve faster egé&%gifna}&gllréléin'efcp%l%lsc%lh@‘t' RS, pw@anasﬂba thetR5
center/side deCISI n nodul e t he ale factor_estim é(ﬁ é%rmng Tn
‘he

quanti zati on noddF p%éBa&?&a J?rﬁﬁg 8&n’Bxpl ai Red?=* use of “the
| ogari t hni ¢0f orhrat, C@h@fdﬂva§Pﬁm@r-®¢l@$naﬂrvﬁbﬂé§@nﬁh?h%¥eb%Wéﬂ@?@ﬁ into
si npl e subtractiyoRses Whisllwcandadpertor grdppaay tidrescdiasiger odin ahe
fi xed-poi nt 30 1RLOCESSOr . The sane applies to root cal cul ations, such as
t he calculatlon af"a square root, a fourth root etc., which transfer into
sinple shifts to the right. The cal cul ati on expendi ture to be taken for
the transfer incoothigng | ogati¢ hateve angedigebysias Conpeivgated fiokiby t he
speed 35 gakn iRt NG J-RLeRMSLRRS Qfed hen ak@orht hm sJhenef obe, 1Vbe was
performed. This factor is reasonable if one and the sane
encoding is to run on different platforms with different
fixed-point data formats. It is, however, alsc possible
that the factor in the logarithm function may only be
20 larger than x, 1.e. larger than the number of the bits of

the values that are supplied to the sumnming of sguares.

Furthermore, it is to be understood with respect to the
preceding embodiments, that the present invention is not
25 limited to the creation of sums of sguares. The present
invention could for example also ke advantageous if the
groups existed of only one value sc¢ that only one encoding
were performed. In this case, control means 36 would of
gourse not have to anticipate the scaling factor
30 information in any way. Rather, in this case, the scaling
factor used for scaling the value prior to sguaring, would
automatically result from the number of wvalid bits and/or
the number of unused bits. Very generally, the present
invention may bhe used for the creation of a representation
35 of a result linearly dependent upon a square of a value.

Referring to the above description, it is also to be
understood that the present invention is of course not



advant ages of the above enbodi nents specifically are the higher accuracy
of the values represented logarithmcally 32 as well as the higher
processing speed in the use of the logarithm c representation. Referring
to the above description, it is to be understood 5 that the present
invention is not limted to fixed-point- sdata formats. The above

enbodi nents relating to the creation of suns of squares of values nmay al so
be reasonably applied to values that are present not in the fixed-point

data format buf,in ap nteger datiaf QeagLye g HAdtBi sneasig .t e same
hi gher -val ue y JE‘n ts fromthe Zéﬁ; bjt sumof-. quarre%? result weul d.be:,
suppl i ed to taREWRGIeEhe dCFBHRITE NAPREEor it iy t°6 "tRe above enbodi nents, a

function for tekémiingl5 the | agardtimm wds usEt | FCWhinch ¥©'6dal iy By 1/ 64
was perfornmed;, hisif-act of; disr easanaples i fwione anget heysand: emeogkng is
torun on different platforns, wiith differen fi - paLN - s. It
i s, however® al&d podéipra® ?Wﬁ‘t}f‘t%neeoflgcfggaftnldtrﬁggl gggr%%%ﬁ %3%%??%%\ may
only be 20 | ar gerendidrung, iney Pasgea hacaHeEhuibertof Tt HEHFCEL 0" the
val ues that are;suppl ied LQakhpes stinpmegielngquaresiio Eult¢ hermmreyakeris to
be understood with rfgggpg.kg the preceding enbodi nents, that the present
invention is not 25 1imtéd to the creation of sums of squares. The present
invention could for exanple al so be advantageous if the groups existed of
only one vabuersoithatspenkylbpetenbodingerstercs pardftor rsgenpiant hPs &A8e,
ggnpr?I nmeans ggrgg%gggﬂygs,CQHﬁsgnﬂQkiﬁﬁygcﬁgm@n&ﬁﬁbp@be?éhﬂmﬂﬁahhﬂgdfacéor
information.in any way. t her, in this case scal.i: act.or use

for scaling thé“vaﬁ%%“ﬁ?%Or © s iR ARG Wolll d mggtgﬂ%t%gggg§e%egﬁltafrom
the nunber of vapithbitte awd/ ordithe MupBetioflamnisdd “BPYsSiVedf GehBral iy,
the present iRyenti-QRcABYnDEaMISEdréfiatiRe eseatdlonsfnad sr epragsenttatgon 35

of a result lineaply dependeal, MpON a.SEHALS OfsRt¥Al USuch  that  the
respective method is performed. In general, the invention

therefore also consists in a computer program product with

a program code for performing the inventive method stored

on a4 machine-rgadable carrier, when the computer program

20 product runs on a computer. In other words, the invention

may therefore be realized as a computer program with a

program code for performing the method, when the computer

program runs on a computer.



Referring to the above description, it is also to be wunderstood that the

present invention is of course not - 33 limted to a use in the context of
audi o encodi ng. The same advantages descri bed above with respect to the
audio encoding, i.e. achieving the same scaling level for the individual

signal energies with the dynam c range 5 pmi-ntai ned and si mul t aneous
reduction of the audi o encoding expenditure, may al so be obtained in other
application fields, for exanple in providing an audio file with a water
mark or the like. 10 It is especially tejbandinderstood that, dependent on
the circunstances, the inventive schene may al so be inplenented in
software. The inplenentation may be effected on a ‘diqjtal storage medi um
in particular &-flobpyanitsie ofon CBLMEh i8Bect r o & y *Pedéabl%e céhtrol
signal s cooper ati ngidfsMidlca preglameilieneompederrisystzem such that the
respective pethod is perforned. In general, the invention therefore also
consists in“a conputer program product with a program code for gerforning
n

the inventive methoBE3tBrEEtoATa MEHiCne- feidabl €98 ar rASSPT R/ReH t h&™
conput er program 20ipfeducti chunamehi audonpriteerzl | niéther imor dsspadigal

invention may therefore be.reald zed ag a, gonpuier A0gLamy Lhed cpeogram
code for performng. the neth en the conputer programruns on a

g , od )
conputer. 34 O ai m*94 AP EFht B&%¥'0r cal cul ating a signal energy of an
i nformati odf%anplitude signal, conprising 5 transformati on neans (152) for

deconposi ng an i nfgrpaid onamlditsude si @l {db4yeindonispect reduaniakues
present in an x-bit(ggpreggptaééontﬂgtrkjgy% Iég%%%ggpgé@ﬂ&jtqggg; 10
logarithm not taken of each spectral value ({22,-2Zu/
84.~84y) in order to obtaln a respective squared
15 spectral wvalue, and a summation (38; 70) at the
sguared spectral values in order Lo obtain a sum of
squares as a caleulation result in a y-bit
representation with the logarithm not taken (26),
wherein y 1is 1less than or egual to 2 times X, and
20 wherein the processing means (24; 80) is configured to
use an effective sc&ling factor such that the
calculation result is scaled in dependence of the
effective scaling factor;

25 means for taking the logarithm (28; 82) for applying a
logarithm functien to the y-bit representation with
the lagarithm not taken (28) c¢f the calculation result
in order to¢ obtain a scaled representation with the
logarithm taken (30) of the calculation result; and

36
rescaling means (32; 76)7 for adding or subtracting
(d4) a correction value to or from respectively the
scaled logarithmic represantaticn  (30), the value
corresponding to the logarithm function applied to the
35 effective scaling factor, in order to obtain a

rapresentation with the logarithm taken (34) of the

caleculation result as the signal energy.



processi ng neans (24; 80) for performng a squaring (40; 68) at the x-bit
representation with the |logarithmnot taken of each spectral val ue
(221-2214; 841-8414) in order to obtain a respective squared 15 spectral
val ue, and a summation (38; 70) at the squared spectral values in order to
obtain a sumof squares as a calculatiomsyesult in a y-bit representation
with the | ogarithmnot taken (26), whereiny is less than or equal to 2
times x, and 20 wherein the processing neans (24; 80) is configured to use

an effective secaling, factqr such-4:hat cbheiacal cuhati-annr esdllgrdcesseabed in
dependence of the effectjve scaling faggor; 5 means, f%%ttaﬁkggxgggt

| ogarithm (28; 82) W%?“hpﬁ“yiﬁé)alslﬁﬁﬁrr?ﬂﬁ$ unct Fon 16t he y-bit
representati on wthregreshogaien hmafot 2tdkel 46284 of of hee&l c IPACE6A LT esul t
in order to obtain @aﬁféa'o%dth@p%wt@t Lopiydhdike dkegafddrtwn.t aken (30)
of the calcglation result; and 30 rescaling neans (32; 76) for adding or
subtracting” (44) a correction value to or fromrespectively the scaled

| ogarithm c represetmdzdns( 3@rcorpengal be ééﬁ%%spgndpﬁg o t H&T8§arit hm
function applied to-dd}ye:35gffective scaling factor, in order to obtain a
representation with the logarithmtaken (34) of the <calculation result as
the signal energy. - 35 2. Apparatus according to_clainkl, wherein the
processing means (2LEY) PEtonfrgir dd't ot St FEFPATR (HE xRBHITESY
represent atbon (221m@aN &A4,:- BAN) sofh etlodt spectafdlectiab uecofinchdsgitodp in a
fixed-point data fofblan 3 ARPSH At USuBGGOr diing it @nel 8p&d deor w2 1ufkur t her

conpri si ng: contrologggg§gg%gﬁ gg)vgfﬁéSQr|V|ng t he processing

q. Apparatus according to one of claims 1 to 3, further
15 comprising:

control means (36; 64) for driving fthe processing
means (24; 80) such that by means of the scaling with
the effective scaling facter, the number of valid

20 pesitions in  the y-bit representation with the
logarithm not taken (26) 1s larger.

5. Apparatus according to cne of claims 1 te 4, further
comprising control means (64) for adjusting a common

25 scaling factor in dependence on a number (N} of the
spectral values, the processing means {80} comprising:

scaling means (696) for scaling the x-lit
representation with the logarithm not taken (84:-84y)
30 of each spectral value in dependence on the common
scaling factor in order te obtain scaied spectral

values in an x-bit representation;

squaring means (68) for squaring the ®=bixt
35 representation of each scaled spectral value in oxder

to obtain scaled sguared spectral values! and



10 neans (24; 80) such that the effective scaling factor is dependent upon
a nunber (N) of the spectral values of the group of values. 4. Apparatus
according to one of clainms 1 to 3, further 15 conprising: control neans
(36; 64) for driving the processing nmeans (24; 80) such that by neans of
the scaling wwth the effective scaling. fsgctor, the nunmber of valid 20
positions in the y-bit representation with the Ilogarithmnot taken (26) is
| arger. 5. Apparatus according to one of clainms 1 to 4, further conprising

control neans (64)£§9mmangs$é aT%qnggg s @R iR b ngqéa@aéyéd Rgdependence
on a nunber (N) of the spectral val ues, the proces

SE105 means (6)
conpri si ng: scallﬁﬁmﬁﬁaﬁé 5652 % o §€Q?Fn§3fﬁga% bi't ?é%rese atTon with

the logarithm not taken (841-84N) 30 of each spectral value in dependence
on the comon ¢scaling fackoraddy ardgr & @pg@hnsscahadesanﬂkalx Matues in

an x-bit representation; squaring 6 squac.i aQw%
representatton of éﬁgﬁe§88Fﬁﬁl§be%?galt EQ G5 tgrdégE ?gkgﬁ é ai
squar ed spectral vatluesichapdectdsl Wﬁi#ﬁaﬁﬁoﬁeﬁﬁ%ﬁﬁﬁtG?O}nf%r %ﬁfﬁw?ﬁbnﬁp t he
scal ed squared Speﬁéﬁéﬂfd%ﬁbuesah@ QWQE&oﬁﬂkdabwaaﬁsthe45Lmn(ﬁomﬁquares 6.

Appar at us accordlngttggi'(i:hg1 éﬁr §£E%H€t§§ %Méngs eRILSeRtALL 0B Wat h the

| ogarit hm not taken “each s val ue i s repr sentgd |n a
fixed-point data f%ﬁ%ﬁ%ﬁStaﬁ@WPﬁé EBnPPBFe%E%h% Q?ﬁﬁt‘9§scéﬁf|§ﬁr§d

further peprform theragjasshmenionsn deperdepeetoail aalseal | est nunber of
unused bit positions in the x-bit 10 representations of the spectral

val ues. 7. Apparatus according to CIa|n15 or @$ere|Qsthwhecontrgkeneans

(64) is configdred *PHETUSt THETEIRon sgaﬁﬁ%g altor'to “h' power of
2, and the scaling centrol means (64) is configured to adjust the common

Y opower of 2, and the scaling

scaling facter to a k
15 means (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, wherein

20 the sguaring means (68) comprises a 2x result register
and is configured to deposit a predetermined scaled

squared spectral value of the scaled sguared spectral

values in a 2x-bit representation in the 2x result
register, and the summation means (70) is configured

25 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

30 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

35 the logarithm not taken (26} such that the scaled
reprasentation with the logarithm taken {30)
corresponds to a y-bit representation of the logarithm
dualis of the y-bit representation with the logarithm



15 nmeans (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.

Appar atus according to one of clains 5 to 7, wherein 20 the squaring neans
(68) conprises a 2x result register and is configured to deposit a
predeterm ned scal ed squared spectral vakwe of the scal ed squared spectra
values in a 2x-bit representation in the 2x result register, and the
sumat i on neans (70) is configured 25 to read a y-bit section of the 2x-bit

representation fr 0ﬁb£ Y2 ee§e! t d&@gaééa epyWal | Ringesr egera%ag thhe o
remai ning bits in the 2x resul Ister in, order

section together w ERU#he S i fm efl% ad‘fm?h’ée%'i%erﬁicé?eﬁo%
spectral val ues 30 andadwlmetrhesseh¢@ftsquaﬁesathDvatV bhe %@@ﬁ@ﬂ@ﬁ 9.

ApEar at u?] af:cor di Ng+-EReoNE0Of Strheupt eceding rebai o8, amoher ecpr & higormmans for
taking the

ogarithm.( confl red t.0
representatﬁon with® §5%§he Fég% T%n1no %aken (§é§ SUCec?§§¥ tﬁ%ﬁgggled
representation wth# Pheoﬁoﬁaﬁﬁﬁﬁn?YaWehTF@@¥I corresponds to a y-bit
representation of the Iogarlthn1 dualis of the y-bit representation with
the logarit hm ﬁ]%enaégo@dl@ vided, hy nggpegrgégﬂ@' & han, or
equal to vy, the sca 5 i's con ur ed to the
scal ed representatldheﬁﬁ%W1?Wﬁa??ﬂﬁ%ﬁsﬁﬁﬁlmﬁéﬂen %%O)B%r'siﬂﬁr?ﬁﬁnﬁ “eof an
anount corri@éspondi ngabite tHee llcggat ibhmraléizs , ofnd heheefricect il vieg Joarisng
factor divided by tW@zﬂUHb@rcoﬂ£lgdﬂ%@aL%tQ&@%ﬁ%@rghng EQKQ&Ep6En6fH%La
precedi ng cl ai s, mhereln t he priocessing neans (24; 80), the neans for 10
t aki ng t he Iogarlthn1f5% 82), and the rescaling neans (32) are configured
to operate in a fixed-point data -format. 11. Apparatus according to one
of the precedi ng .cl aphpBratus according to one of the preceding claims,

15 implemented in & fixed-point processor.

0t

12. Apparatus according to one of the preceding <laims,
wherein v equals % or 2%.

20 13, Apparstus according to one of the preceding claims,

wherein

the transformation means (152} is configured to
decompose the information amplitude signal (164) into

25 spectral compenents 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 1s

30 configured to perform, for esach of the groups (170},
the sasguaring and the summation at spectral values
within the respective group (170) in order to obtain,
for the respective group, a sum of sguares as a
caleculation result, and the means for taking the

35 legarithm and the rescaling means are configured to
obtain a signal energy for each sum of sguares.

14. Apparatus according to claim 13, further comprising:



15 inplenmented in a fixed-point processor. 12. Apparatus according to one
of the preceding clains, whereiny equals x or 2x. 20 13. Apparatus
according to one of the preceding clains, wherein the transformtion neans
(152) is configured to deconpose the information anplitude signal (164)

into 25 spectral conponents in order te ®btain one spectral |ine per
spectral conponent, wherein each spectral [|ine includes a sequence of
spectral values, wherein the spectral lines are allocated to different

spectral groups (170), and wherein the processing neans is 30 configured
toperform for each ofgdhe Arqupsndddilo (1bBe sgUaKAGand bhe Summalion

at spectral val ues In the res ec&ﬁve roup (170) in order ép(g@%aln
for the respective §FOUY, 48U of ?ﬁ?sa CAEGFARF o *r 20U and
the nmeans for takingathes85edrogarptameanicha hen r escadi¢shgvieah apé the

configured o Obtahﬁrékﬁaﬂa%ﬂlaﬁﬁ?{gMRJQJg%QQh sgm of squares. 14.
Appar atus according to claim 13, further conprising: - 38 a code stream

generator (156) for, based on the signal energy values of the groups,
generating an ercodbbamkites SEreanirepresest PAgEEN kifc6daadvel2ith 14 t he

5 information anpliingdessi gnad {eEfh:ridh. aAppatataiss agear disng:rt ;eeiie of
t he preceding clalng &%m wherein the information anplitude signal is an
audi o S|gnal 1 paratus according to claim 14 or 15, wherein the
code streaﬁlgenerator (156) is configured to generate the encoded data
stream furt her iFasedppnrauspsychoatogstic obaed [(462). 165 WherAppartdeus

according to Clai”‘&éd@rséfgaﬂMH@H%EQtEpe(156) is configured to generate
the encoded data streamn further |lhased on a
paychoageoustic model (182).
15
17. Bpparatus according to c<¢laim 14 or 16, wherein the
code stream generator 1is an MPEG 1/2 Layer—3 encoder
or an MPEG 2/4 ARC enceoder.

20 18. Method for <c¢alculating a signal energy of an
information amplitude signal, the method cemprising:

decomposing an information amplitude signal {164) into
spectral values present in an x-bit representation
25 with the logarithm not taken;

performing a  sguaring (40 68) at the x-bit
representation with the logarithm not taken of each
spectral value (22:-22x; 64:,-84y) in order to obtain

30 one respactive squared spectral value, and a summation
(38; 70} at the squared spectral values in order to
chtain a sum of squares as a calculation result in a
y~bit representation with the logarithm not taken
{26y, wherein vy 1is less than or equal to 2 times X,

35 and wherein the performing {(24; 80) is executed using
an effective scaling factor such that the calculation
result ifg scaled in dependence on  the effective
scaling factor;



code stream generator is an MPEG 1/2 Layer-3 encoder or an MPEG 2/4 AAC
encoder. 20 18. Method for calculating a signal energy of an information
anplitude signal, the method conprising: deconposing an information
anplitude signal (164) into spectral values present in an x-bit
representation 25 with the logarithm not X%ken; perform ng a squaring (40;
68) at the x-bit representation with the | ogarithmnot taken of each
spectral value (22i-22N;, 841-84N) jr, order to obtain. 30 one respective
squared spectral value, and a summation (38; 70) at the squared spectral

val ues in order to ghtaip a sumof..squakes as.a:¢al cutati amed esykbiin a
y-bit representati on Wi

th”the | ogarithm not take (26), ereilh.y Ls |ess
than or equal to 2 T99FESSRE28EhnY Wheldf naf’ﬁ‘%mp'g}“f o?on% n%&?efn; (é‘fg %né
executed using an efdf ecaladaséahi ngshatt om sweent et ehe2idal EulfaerBa

result is sgal ed in.depeadenceodnvihe ehfectipypiviscatiing fagiores - 88
applying a logarithm function toﬂth y: it representation with the

| ogarit hm not takeﬁx%fﬁgabfontﬁ%LgarcuP tion result in order to obtain a
scaled 5 representation with the logarithmtaken (30) of the calculation
result; and addi ng Qfgisubtaachivigatc44hga (carracticemeyaloe volws téromthe
scal ed | ogari thm ¢ [epr Gsentar),on (30106 c 10, yAl4e CoubESRaRd) ngsko the
| ogarithm function app |e§2toé?he éf ective scalin fa%top_Jn ord%r t.0
obtain a ?%present%ﬁ%%ﬁ1QHrFHS?%%dPHQé?qt?ﬂﬁt%ﬂ@?ﬁlgéﬁ) GICTRE 3PR¢GHat i on
result as the signato emter gyrfet5i¥0. sCohpuy efaprogriamasicdel goprosgram éode
for performing the dmthed.accon diyngnt enel abgki8snihendhe (sonputekhe

programruns on a Cc?arg%lﬂtl%r‘.:'ion result as the signal energy.

15 19. Computer program with a program code for performing
the method according fo claim 18, when the computer

program runs on a computer,



