The :imvention relates to a method for the transm ssmn of a signal in
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psycho- acoudt§seyulden aw, conponents, that cannot be percel ved by the
listener i.e. which are irrelevant in a broadcasting sense, can generally

be better | doatedachithe |ithersi exispect tive t demand tthe tkesp dobei nbafddresdth
conmponent s ek dRrMef Gt Elle OLr&0SHi € Py aenmenallf as e dibirRsnib d®der to
gereby,d 3 CaRs abl;etpor td Onné)xfréd?'e ‘Bfaﬁﬁrwéﬁaxﬁ?&ﬁsst%&y daj a Bé‘gﬁ%le to
roppe uri r ra

subst anti al |sq];;tei t;%c eé)qpsé'[ﬂ rr% $ é e t%ﬁeé)‘laelgsrrrg'&n e(?o‘% "
|S|n|t|ally cﬁed pgn ?ﬁ e JBRRAK r’f‘eé’r‘i‘zil ngwﬁ?nuc%ltety
the transf o4O oo n§bet rséﬁ?ﬂﬂlélﬁ SRRt 0fF ng aer‘q nYyepRgr of the blts

per sampllng value. In general however, this measure results in
a worsening of the gquality of reproductlon._

For the improvement of the quality of reproduction, a method is
known from the DE-OS 35 06 912 in which the digital audio signal
is broken down into successive intervals of time and transformed
into an impulsive spectrum which represents the spectral

k#~ components of the signal for the respective time segments. On
the grounds of a psycho-acoustic like law, components, that
cannot be perceived by the listener i.e. which are irrelevant in
a broadcasting sense, can generally be better located in the
impulsive spectrum than in the time domain. These components are
less weighted: or completely removed for the transmission.
Hereby, a considerable portion of the otherwise necessary data
can be dropped during the transmission so that the average bit
rate can be substantially reduced.

For the formation of the time segments, the signal is initially
weighted in the time domain by an analysis window and, after the
transformation, coding, transmission, decoding and inverse
transformation, it is then weighted by a synthesis window. The
form of the analysis window influences the frequency resolution.
The advantage of a high frequency resolution consists in that
with narrow band signal components only a few items of data are
needed for their coding whereby a very effective bit allocation



tragsformation, it is then wei'ght'ed by a synthesis w ndow. The form of the
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transmission of the signals contained in this region.

A further - improvement of the frequency resolution could be
achieved by means of a still lower steepness of the flank of the
window function of the.. analysis ..window..as.. well .as..by..an_:
extension of the flank region within the window. Necessarily
with this measure however, a greater overlapping of adjacent
time segments is required.

g%;‘ If the flank region is extended so much that the window
' functions no longer has a constant value in any region, then
adjacent time segments must overlap by 50%. The numker of
sampling values and in correspondence therewith, the =zirount of

data, is thereby doubled,

For a 50% overlapping of successive time segments, it is known
from the publication "Analysis/Synthesis Filter Bank Design

Based on Time Domain Aliasing Cancellation”, J. P. Princen and
A.B. Bradley, IEEE Transactions, ASSP-34, No 5, Oct 1986, pp
1153 - 11681: and "Suband/Transform Coding Using Filter Bank
Design Based on Time Domain Aliasing Cancellation”, J. P.

Princen, A.W. Johnson and A.B. Bradley, IEEE Int. Conference on
Acoustics, Speech and Signal Processing, 1987, pp 2161 - 2164,
to reduce the amount of data back to the original value in that
only every second sampling value is coded. This proposal assumes
similar window functions for the analysis and synthesis windows.
The aliasing components resulting from the subsampling can be



sampl i ng values and in correspondence therewith, the anmbunt of data, is

t hexeby doubl ed. For a 50% over| appi ng of successive tine segnents, it is
known fromthe publication "Analysis/Synthesis Filter Bank Design Based on
Time Domain Aliasing Cancellation", J. gP. Princen and A B. Bradley, |EEE
Transactions, ASSP-34, No 5, Cct 1986 pp 1153 - 1161: and
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The nethod makes it possible to provide the general conditions for the
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correspond to a power of two i.e. for a twofold ourfold, eightfold etc

over| appi he me%glge ég {P possible to provide the general conditions

-for the transformations and to use these in a practical form for
overlappings which correspond to a power of two i.e. for a
twofold, fourfold, eightfold etc overlapping. Embodiments of the
method also provide the general conditions for determining

different analysis and....synthegis . . . window...and- -for..-. their. .. ..

application in a practical way.

By the utilisation of the method steps in accordance with the
invention, one is able to exploit the analysis properties of
Kh; softer analysis window functions which become better with
i increasing overlapping. By means of appropriate subsampling in
the frequency domain, the outlay is reduced to the original data
rate of the time signal through multiple transmission of partial

window regions.

Further developments and advantageous embodiments of the
invention are apparent from the claims, the further description
and the drawing. The invention will be explained hereinafter.

In the drawing:

Fig. 1 shows a flow diagram including the essential method steps
of the invention,

Fig. 2 a graphical diagram of the segmenting of the continuous
time signal,



met ltod al so provide the general conditions for determ ning different
anabysi s and synt hesi s w ndow and for their applicationin a
practical way. By the utilisation of the nmethod steps in accordance with
the invention, one is able to exploit the analysis properties of softer
anal ysi s wi_ndow functions which becone better with increasing overl apping.
By nmeans oF i8pprdpriba e fogmadism ngfi bharks r d@dhcihgonseamenhed ourniginal
reduced to the origsigtalata rate of the time signal through nmultiple
transm ssion of partial w ndow regions. Further devel opnents and

advant ageoRrsg.enbadi seshsanaf odihblbakeptikaalaperappasent fromthe clains,
the further description and the drawing. The invention wll be explai ned
herei naft egy | Ngt d i Ng: . FEi 1_sh I L.age hn k t he
essent. al ?réigﬁo Eﬁgpég\gﬁggﬁég?%%n ?o%ﬁsﬁi@s;’ gngiér g%%ﬁ%%l Sé?g%?gm of the
segnenting_of the continuous timnme signal, 4 Fig. 3 the fornation of

bl ocks frofit8he SeghefUbPadinldingal 18 ghle, sPectraumn kX edbendf8aloBl otk and
signal portion, Figlisplagepentofirent tbe ofrigirevefi bhecleosiopddinader tisxstem
Fig. 6 a subsanplbng TBA/2 tiw s$hectitime bydomblie Wwhemhor usingnda cosine
di spl acenent from ttweawsfepma®ion fe co-ordinate systemby TB/2 in the
time domain when using a cosine transformation, Fig. 7 a subsanpling
in the s tru y factor ;2 dj fr, t l.gi

t he co-or d?%gfe ?ysie%l{%}%n?éfa‘%" in” Efelg t%%&@%@#?y \Xk?‘?n ng?&‘ % Und
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origin of. the co-ordrsnRstoryatid®, Fig. 9 a subsanpling in the spectrum by
the factor 2,

Fig. 8 signal components with overlapping addition for different
displacements of the starting point of the block from
the origin of the co-ordinate systen,

Fig. 8 a subsampling in the spectrum by the factor 2,
displacement from the origin of the co-ordinate system
by TB/4 in the time domain and displacement by half a
sampling period while sampling in the frequency domain
when using a cosine.transformation; '

Fig. 10 signal components after transformation, subsampling,
“transmission and inverse transformation for different
transformations,

Fig. 11 a signal reconstruction for 50% overlapping,
Fig. 12 a segmenting of analysis and synthesis windows,

Fig. 13 components of the analysis and éynthesis windows in the
respective block region,

Fig. 14 signal components after transformation, subsampling,
transmission and inverse transformation in the
synthesis window region for different transformations
with fourfold overlapping of the blocks,

Fig. 15 an aliasing compensation usihg rectangular windows for
' the analysis and synthesis,

Fig. 16 a compensation scheme for the alternating use of sine
and cosine transformations,



di spl acenent fromthe origin of the co-ordinate systemby TB/4 in the tine
donn and di'spl acement by half a sanpling period while sanpling in the
frequency donmai n when using a cosine transformation, Fig. 10 signal
conponents after transformation, subsampling, transm ssion and inverse
transformation for different transformations, Fig. 11 a signal
reconstruction for 50% overl apping, Fig. 12 a segnenting of analysis and
synt hesi s Hiédohd, aFtyofeddconpohanringf inhthanhlipei domadnsynt hesi s w ndows
in the respective block region, Fig. 14 signal conponents after
transformafign, 18uAS86PFFOYUd bVapsabpsSh@Nin BRE tih8VE@EESLin,transformation
in ~the synthesis window region for different transformations with
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schene for_the terpnating use of sine and cosine transformations, 5
Fig. 17 a Fifo BVEVPSBg?naV?HI?HBl?gn%nchﬁiﬁ?eﬁFﬁ?CXSdam?bﬁrfold
overlapping in the tine domain, Fig. 19 an eightfold overlapping in the

ti me domai Rigki §1 20faurfioldl dverdtabpppgnini bhéhérégequencgodaimin, Fig. 21
a fourfold overlapping in the frequency domain, Fig. 22 an eightfold
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carrying out of the method of the invention are illustrated in the flow

diagramil Lustrated.in Eig. 1. An anal ogue di o _signal_ which, i :
accordance&Hetlnﬁéfﬁgﬁagt%ﬁﬁho{%fg%%ﬁe?? d,%ﬁt %f%%??%eﬁ“giﬁﬂaﬁhfnﬂﬂﬁhﬂ?
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starting vaPuBigt ihe nmethod. In the nethod step 2, the continuous signal
s windowed in that a series of successive sanpling values, 1024 sanpling
values in An analogue audioc signal which, in accordance with method step

1, is converted into a digital signal in which amplitude values
digitally coded as sampling values are present, forms the
starting value of the method.

In the method step 2, the continuous signal is windowed in that
a series of successive sampling values, 1024 sampling values in
the present case, are selected.

In the method step 3, blocks are formed from the selected
sampling values which overlap in time by 50%. This means, that
to some extent, the same sampling values are present in adjacent
blocks, although at different locations. Thus, the sampling

&wf values present in the first half of a current block correspond
to the sampling values in the second half of the preceding
block. :

In the method step 4, the signal segments contained in the
blocks are weighted by analysis windows. Hereby, a gentle signal
run-in and run-out at the edges of the block is produced which
increases the precision of the analysis during the subsequent
transformation.

The method step 5 forms the transformation of the signal which
up to now was time discrete, into a frequency discrete signal.
Spectral values which in each case comprise a real and an
imaginary part now appear instead of amplitude values.

Thereafter, in the method step 6, there follows a conversion of
the spectral values into a representation having pseudo values
and phases. The spectral values are then ready and prepared for



t he.present case, are selected. In the nethod step 3, blocks are forned
fromt he sel ected sanpling val ues which overlap in time by 50% This neans,
that to sone extent, the same sanpling val ues are present in adjacent
bl ocks, although at different |ocations Thus,  the sanpling val ues present
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original sanpling values. The doubling of the itenms of data caused by the
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which, forg@gments of a continuous signal are again the result of the
inverse transformation. However, only the half of the original

sampling values are present in the blocks.

In the following method step 9, a weighting of the blocks by
synthesis windows is undertaken. The synthesis window functions

are so formed that ..they-.balance. ..out...once...more..the..signral. . ..

distortions which have arisen due to the weighting by the
analysis windows in the method step 4. The synthesis window
functions used here fulfil +two criteria. Firstly, in the
overlapping region, they form the complement of unity with the
L%; corresponding analysis windows. Secondly, the difference between
the analysis window mirrored in the centre of the overlapping
region multiplied by the synthesis window for the block n and
the analysis window mirrored in the . centre of the overlapping
region multiplied by the synthesis window for the block n+l is
equal to zero in the overlapping region. This last criterion
incorporates the compensation of the aliasing components.

In the method step 10, the 50% overlapping blocks are added
whereby the aliasing components, in the two blocks that are to
be overlapping, appear respectively with inverted signs so that,
with the addition, there is a compensation to zero.

The method step 11 represents the formation of continuous
sampling values by making the blocks having the windowed signal
segments contiguous.



precedi ng data reduction, an altered signal that has been freed from
psyeho- acoustical |y redundant conponents is subjected. Tine discrete
signals in the formof blocks representing signal segnents of a continuous
signal are again the result of the inverse transformati on. However, only
the half of the_original sanpling values are present in_the blocks.. In the
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sanpling values into an anal ogue signal is undertaken, from which

obj ectively of course, conponents are m ssing but which subjectively is
found to be identical wgth the original signal. For the further

expl anati on, the cos+-ne _or: the sine transformation will serve as.
t he basis %%(tft]egrulp:tcl %ﬂ;f(t) cos(2 1 £t) dt | (1)
o0
f(t) = =Be F(f) cos(2. §.£%) 4% o e e2)
5 .
E&,a " The same applies for the sine transformation:
[-X-]
Fs(f) = As £(t) sin(2 1 £t) ¢t : (3)
0
£{t) = ps | F(£) sin(2 § £t) df (4)
0

The constants Ac, Bc, As and Bs serve for the purposes of



overd-appi ng transformations. Furthernore, we will assune the use of tine
confS~-nuous signal s throughout the description of the nethod. The transition
to time discrete signals can be separated fromany further considerations
and be undertaken in accordance with tie generally known manner of .
procedure. The cosine transformation I S defined as an
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that are tEppefeamatieRr - the transformation, subsanpl i ng,

t ragsm ssion and I nverse transformation for the overl appi ng addition.
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sequence aggah8b8rRAEEInN - subsampling, transmission and inverse
transformation for the overlapping addition., If one designates
the block length as TB, then the segments with 50% overlapping
have the length TB/2 as Fig. 2 depicts. The segments in time
sequence are referenced Ni.

If blocks having 50% overlapping are cut out from the thus
described continuous signal by means of a simple rectangular

window, then the blocks whichk-are apparent from.Fig. 3 -occur-for ....-

a cycle comprising a transformation, subsampling, overlapping
and inverse transformation.

_ If one selects the origin of the co~ordinate system such that it

N/ coincides with the start of the transformation block, then the
even or odd signal portion of such a transformation block
multiplied by the factor two appears in this scheme as is shown
in Fig. 4. '

The reflected signal components corresponding to the signal
components Ni are indicated by Si. The negative sign for the odd
signal portion indicates that the reflected signal components
appear negative relative to the corresponding original
components. '

The sampling of the Fourier transforming of the even or of the
.odd signal portion leads to the corresponding signal components
being made periodical in the time domain. Should no aliasing
interference arise in the time domain then the signal components
that have been made periodic should not be allowed to overlap.
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It 1is apparent from these two examples what effect this
important degree of freedom has on the components which are
located in the zone that is faded out from the periodically
recurring signal portions by the synthesis window in the

receiver. This time: -zenes - ~has - the-..duration. .TB . dn . -+both ;-

illustrations and the position identified in the two pictures.
The synthesis window region contains the original signal
segments N1 and N2 on the one hand and the aliasing components
on the other. In the case of the twofold block overlapping, the

s components S1 and S2. The Figures 6 and 7 show that the
displacement of the beginning of the block relative to the
origin of the co-ordinate system determines on the one hand, at
which location in the block region the signal components
occurring due to the mirroring appear but, on the other hand, it
has no effect upon signal components having a non-inverted
temporal position.

Since the method of aliasing compensation requires that the
aliasing components be compensated by addition of the
overlapping regions of the blocks, only signal portions which
originate from one block half of "the original signal may be
located in this block half for a twofold overlapping. This
requirement is not fulfilled by a time displacement of the
magnitude TB/2 since here, reflected signal portions from the
second half of the block fall in the first half of the block and
vice versa. In this case, for a block overlapping, n components
which origihate from the overlapping region n-1 as well as n+l



trapsformation, subsanpl i ng, transmssion . and I nverse
transformation for a di spl acenent of the transformation block fromthe
origin of the co-ordinate systemof TB/2 are depicted in Fig. 6. Fig. 7
shows the signal conponents for a displigcement of TB/.4. It is apparent from
these two exanpl es what effect this inportant degree of freedom has on the .
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conpensat e - ¥0 addition = of t he overlapping regions of the blocks,
only si gnal*B8Pt PSRE™WRI'¢h originate from one block half of the original
signal may be located in this block half for a twofold overlapping. This
requis emend ifanfhen degreedoby faeefar disspinpodidad bY the segwilinde spiyeme
si nce hereinrdfeecfrdgsegnal dooatinonddreaim t hiet sésombsrlfleof to heilsheok let
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co onent s,on appear once.l..n . the.res ctive, ov. a | eqgl,on, th
cannot confaNERPEBaRH Arkel tiees Ieathdf § O r (e tBrodRER e due
o an unsymmetrical sampling of the symmetrical picture function
of the cosine or sine transformation in the Fourier spectral
range. After the transformation, subsampling, transmission and
inverse transformation, the displacement by half the sampling
period for the sampling in the spectrum causes an alternating

sign change in the time decmain during:-.the-periodisation -of the . -

even or of the odd block portions. Fig. 9 shows this with the
scheme used for the cosine transformation.

For the cosine transformation, it can be gathered from Figures 7

. and 9 which signal components are located in the region that is
blocked out by the synthesis window after the transformation,
subsampling, transmission and inverse transformation. If one
takes into account that for the sine transformation only the
mirrored components have a negative sign as compared with those
for a cosine transformation, then for this too, one can indicate
the signal components in the synthesis window region. The signal
components which are present in the synthesis window region
after the transformation, subsampling, transmission and inverse
transformation are indicated in Fig. 10 for the four possible
variants of transformation, c¢osine transformation with and
without sampling displacement in the spectrum and sine
transformation with and without sampling displacement in the
spectrum, '

The mechanics of the aliasing compensation for a plurality of
successive blocks when using a displacement of TB/4 is now shown
in Fig. 11. Of the possible variants for the transformation,



si gnal conponents are basically involved in the, addition in the overl apping
egton for the displacenents TB/2 and TB/ 4. Since only a tine

di spl acenent of TB/ 4 cont ai ns t he fundanentally correct conponents,
such that, after an addition in the oveyjapping region the useful signal
occurs on the one hand and the aliasing conponents are sel f conpensating on
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frequency cdeBithenHey @leFatilve Sigessi ble to either let the sanpling begin
at the frequency f=0 or else to introduce a sanpli ng di spl acement whi ch
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transformation. If one takes into account that for the sine transformation
only the mirrdied wonbonentgndiavisas heghei cersiegtlas recopartedotieidh Hyhoseans
for a cosirg thansheerampesitiileen for this too, one can indicate the signal
conmponents in the synthesis w ndow region. The signal conponents which are
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in the spediorunthe maintenance of the two conditions mentioned above, a
scheme must likewise be wutilised that corresponds to the
previously described scheme--and extends . it.

If one segments the analysis window and the synthesis window in
the same manner as the signal, there results a diagram in
accordance with Fig. 12.

In correspondence with the signal components, the components of
the analysis or of the synthesis window which are regularly
aligned in time are designated as ani or sni. Components of the
analysis window which are inverted in time due to the mirroring
are designated asi. If now, in Fig. 11, one uses the window
segments which were involved in the reconstruction of the
current signal components, there then ensues a diagram according
to Fig. 13. The equations, which analysis and synthesis window
function must observe in order that after the addition in the
overlapping region the signal itself is reconstructed on the one
hand and the aliasing interference is compensated on the other,
can be read out from this diagram with the aid of Fig. 11.

——



The mechanics of the aliasing conpensation for a plurality of successive

bl ocke when usi ng a displacenment of TB/4 is now shown in Fig. 11. O the
possi bl e variants for the transformtion, " cosine and sine transfornmation
w t hout sanpling displacenent are used-phternately here for the bl ocks
succeedi ng .each other in tinme. The aliasing _conponents thereby receive
firstly a pot tSWABHPE hEAr athegRirsk SvsTlaRpdtdgndingong mrwe fHeer Higd
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above. However, these wi ndows exhibit a particularly poor behaviour as
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inverted in time due to the mrroring are designated asi. If now, in Fig.
11, one uses tafe Mis{dow s egnertt.S M (e Onvdrle 5 rivol Udd in the reconstruction
of the current signal conponents, there then ensues a diagram according to

Fig. 13. The Hqua-0yss (hi-chy@nal psics, sand syt hegigsy wi ndow

These two egquations must be fulfilled by the window functions.
If one chooses the special case that the window functions are
symmetrical about the middle of the block and assumes that the
analysis window function is given then there arises from the
equations (7) and (8) a construction requirement for the
synthesis window function:

s(x) = _alx) . (9)
a?(x) + a2 (x+0.5)

The method discussed with the example of twofold overlapping
will now be systematically extended to greater block overlapping
namely the fourfold and eightfold overlapping.

The degrees of freedom, displacement of the zero point of the
block in the time co-ordinate system and displacement during the
sampling in the spectral region, are determined in accordance
with the above considerations. This leads to a displacement of
the zero point of the block relative to the origin of the co-
ordinate system by an eighth of the block length TB. The
displacement zero and the displacement by a half sampling period
during the sampling in the spectrum are also permissible in this
case. There thus also results for the fourfold block

overlapping, four modifications of the transformation. The
signal components which are present 1in the region of the
synthesis window after the transformation, subsampling,

transmission and inverse transformation are shown in Fig. 14 for



funetion nust observe in order that after the addifion in the overl apping
region the signal itself is reconstructed on the one hand and the aliasing
interference is conpensated on the other, can be read out fromthis diagram
with the aid of Fig. 11.. 12 Two equ %IOHS for the bl ock overl appi ng
regions ensue fromFig.. 13: anl*snl + an2*sn2 =1 (5) (reconstruction
requi r emendd 1 - Faldgh trapspermatiops, (i tiadpyenfari o agequd f emastitanigulare
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bl ock rel ahi ¥gmpPihfeporiginaQtitfestMpling in the spectrum; .
4. Cosine transformation with subsampling by the factor 4,
displacement by TB/8 in the time domain and no displacement
during sampling in the spectrum;

If one utilises this time sequence of transformations then, with
the scheme that was used previously, there arises the diagram in
accordance with Fig. 15.

If, here again, one also carries out a corresponding segmenting
for the analysis and synthesis windows with the designations
ani, asi and sni for the individual segments in the original
time orientation and in the inverted time orientation, then,

\#- here too, one can state the equations which the window functions
generally have to fulfil:

anl*snl + an2*sn2 + an3*sn3 + and*sn4 = 1 (10)
asl*snl + as2*sn2 - as3*sn3 - as4*sn4 = 0 (11)
anl*sn3 = an2%sn4 (12)
an3*snl = and*gsn2 (13)
asl*sn3 = as2%sn4d {14)
as3%snl = as4%sn2 (15)

- If, for the sake of simplicity, one again assumes in this case
too that the window functions are functions that are each
symmetrical about the centre of the block, then one obtains a
construction requirement which the analysis window must observe
from the equations (12) to (15). This requirement is given in a



ordinate system by an eighth of the bliock #ength TB. The di spl acenent zero
and e di splacenment by a half sanpling period during the sanpling in the
spectrumare also permissible in this case.- There thus al so results
for the fourfold block overlapping, jfgour nodifications of the
transformation. The si%naL congonents whi ch:are present in the region of,
the synt hesP8PReyj RoWFitipgedn whigh Xt pgadnocraresrondss s dhs inggmal ised
transm ssi obhidfd Thierie spamedonpabyohharequabiwnsn(F6y. and {bf): 13 al
valid transformations, initially for usage of rectangular w ndow functions
for the anal ysas0andx3¥a{hesi S= Anadogpush¥avdihsthp case of thesjwofold
over |l appi ng, a segnenting of the signal with the extension in tinme of the
comon overl appy g ' ok ,TB/ 4 S r On the as tion of

al i asi ng conpe%ggtfgﬁ &g$ﬂ°§%e us@ of7§£%§§%8§r2$ zg\)Nindows fgyapthe

anal ysis and _synthesis, the follow ng time sequence of transformations
occurs: 1. SinEoFr&nSidrialre® with subsanpling by the factor 4,

di spl acenent by TB/8 in the tinme domain and di spl acenment by half a sanpling
peri od duriVigtbale ngronishenspdctanimanadlySise wiwdsd othati adherdds to the
subsanpl i ngréyuiheméacso(164) dhapkacegent cby réBr8ndankheyhithe sdeeiinhddnd s
di spl acemenpe a1 891 8888! bPIméins her SPREL EPFLen- of LOShAEI oh§ ADES ﬁ.r mat i on
with subsanpling by the factor 4, displacenment by TB/8 in the tine
domai n and di spl acenent by half a sanpling period during sanpling in the
spectrum 4. Cosine transformation with subsanpling by the factor 4,

di spl.acenent by TB/8 in the tine donmain and no displacenent during sanpling
in the spectrum If one utilises this tine sequence of .transformations

then, with the scheme| t Rt wasOuseml preandlisly Smhkre ses the diagramin

accordance with Fig. fl®1l|f am@reatai nandhe a]8@2carrfdls out @18) ,
correspondi ng segnent f ora®de | ys#8lhnt 2¥REé§i i ndows with the
desi gnati ons ani, asi ‘ st or t%e i nd®li dubfnd gnel in the original

If one does not assume that an aliasing compensation should
occur when using rectangular windows but rather that the
aliasing components sheoudd-- oempensatew-onenmanothérﬂ~only~vwhenm¢¢w
utilising a specific window function which is different from a
rectangular window, then one can deviate from the above
mentioned time sequence of transformations and utilise any
arbitrary sequence of transformations. The equations (10) to
o (15) and thence the constructional requirements for the analysis
and synthesis windows are then altered if necessary by another
transformation sequence. However, since the signal components
for all transformations in the synthesis window region are the
same and merely differ in their sign, the structure of the
equations (10) to (15) with their segments of analysis and
synthesis windows 1is maintained and only the signs are altered
in these six equations due to another time sequence of
transformations. However, for the constructional requirement in
the equations (16), (17) which the analysis window must adhere
to, this means that here, there are basically only two different
requirements. Firstly, the signs given in the equations (16),
(17) and secondly one with a negative sign at one side of the
equality sign in both equations. As an example of such a case,
the alternate utilisation of sine and cosine transformation
without sampling displacement in the spectrum will be given.
Fig. 16 depicts the scheme for this sequence of transformations



time,orientation and in the inverted time orientation, then, here too,
one ten state the equations which the wi ndow functions generally have to
fulfil: anl*snl + an2*sn2 + an3*sn3 + an4*sn4 = 1 (10) asl*snl + as2*sn2
- as3*sn3 - as4*sn4 =0 (11) anl *sn3 3s5n2*sn4 :

giig :22*:2%“: t nej*égéumptionl of rectangular windowsg ]f%gr ?1? !e ?gga}ﬁgiéa%gé
of sinplicify"tBR&18gai n assunes in this case too that the wi ndow functions
are functions that are each symretrical about the centre of the block, then
one obtai nsThecorguatidbnen fequi teeaendnabhyshst hendinad sl sdshdovimists then
observe frosvrhespguatikens (12) to (15). This requirenent is given in a

14 manner of writing in which x again corresponds to the normalised tine.
This is su b at i ).a c=a¢0. 57 xdva(x) =

a(0 25 YafBigdhaY WSROy Rt o] 8 a0 75
(17) for 0 PEEFTRY [ePPE*ERS5 W RE pr857ErBA 5f%an SARMysis wi ndow t hat
adheres to BR&*BB4urr sABAFENE16) and (17), a correspondffd)synt hesis wi ndow
can be cal capdtenlby menA¥sv® the system of equations ((8F) [err] [err]
[err] [err]akl*en8 does2Zheh4assune that an aliasing conpgd¥ati on shoul d
occur whenas8ssRY =r eghapgnl ar w ndows but rather tpay the aliasing
conponents shoul d conpensate one another only when utilising a

speci fic W pdgw hyockhancWREER,Le: Shkierent: LLATNA PEE! BAGULALI L DI nhbeT
one can deviate fromthe above nentioned ti1ne sequence of transtormtions

and\utilise any arbitrary sequence of transformations, The equations (10)
to (15) and t h&hledtKd*ebKdt rutti onfOr 2aK? EAtRAt 257 the anal y63S)

a{l-x)*a(x+0.5) = - a(0.75+x)*a(0.75-x) (28)
for 0 < x £ 0.25

The considerations made in connection with the fourfold
overlapping can be transferred systematically to higher degrees
of overlap e.g. the éightfold overlapping. The displacement
between the beginning of the block and the zero point of the co-

ordinate system now has..the . magnitude.TB/16. .Furthermore,: .only.. -

the four variants of the transformation as for the fourfold
overlapping can again be used. It is also true here that the
time transformation sequence only has an effect on the sign of
the signal'components but not on their position in time in the

S synthesis window region after transformation, subsampling,
transmission and inverse transformation.

From analogous considerations, there arise 14 equations which
the analysis and synthesis windows must observe for the
following transformation sequence:

1. Sine transformation with subsampling by the factor 4,
displacement by TB/8 in the time domain and displacement by half
a sampling period during sampling of the spectrum;

2. Sine transformation with subsampling by the factor 4,
displacement by TB/8 in the time domain and no displacement
during sampling of the spectrum;

3. Cosine +transformation with subsampling by the factor 4,
displacement by TB/8 in the time domain and displacement by half
a sampling period during sampling of the spectrum;



and,synt hesi s wi ndows are then altered if.necessary by another

tramsf ormati on sequence. However, since the signal conponents for al
transformations in the synthesis wi ndow region are the sane and nerely
differ in their sign, the structure of {de equations (10) to (15) wth
their segngnts of.analﬁsis gnd.s nthesis windows i s mai ntained and only the
signs are 4t ePBEPR t hERRSEPXMALEGR| IRt huSUuRsapdiimg Ve tbequbnetosr 4,
t r ansf or madilgRd acdmdFer by f cFBAthe inonkle udtimmatomedni ranbnnol ndiswelacement
equat i ons @ug)ing( sAmpAiingh offhéhanalpesitsumi;ndow nust adhere to, this neans
that here, there are basically only two different requirenents. Firstly,
the signs ghrer ieyddeiaiat balsh( e €d7beaNthAAONEY 28 e hedhditions
xanpl o of "hach CHE ShARLObLE B Wes b pulpal nJHah RS Loflited
t ransf or rratt?%% vﬂ%f&dute.bn ar?%lei Wged?%pﬁ aggrrean R hﬁy'g'ﬁﬁgffﬁﬁfwalr’lalgglg"’i v
Fig. 16 deffoftbesis g&ﬁgﬁﬁ fyrctiprdssebhencengt tirass fEFat i ons 15 on

t he assunption of rectangular wi ndows for the analysis and synthesis. The
equations for the analysis and synthesis w ndows then correspond to:

anl *snl + an2agmd*a(8n25sr3 + andhg04d1235%x)+*alP) 1@85k%9nl - as2*sn2 +(27)
as3*sn3 - as4*sn4 =0 (20) anl*sn3 -an2*sn4

(21) an3*snl - an4* - . *S3 .5 as2*sn4,
(23) as3*en RA39%2.(0.5-x) + a(0 1254 aa(?dsfir.})sx_) i3

= * - : us ‘th
constructional ?3§u?géﬁ%ﬁ€(PéF5tﬁé §n3ﬁ9§9g5ﬁfﬁ§3&9'g ;§3x)fa?x) {28)
a( 6.,.25+x) *a( 0. 25-x) . (25) a(l-x)*a(x+0.5 -
a(0. 75+x) *a( 0. 75- x) a(x)*a(@@54ok 0 < < 0.28 Tt x Bt derat i ons +
made in connecel®n5-wiEa(0tAB-xVourfold overlapPi hgstahroe0t3amstbrred +
systematicall ¥ nfOhBghex )dagneadsek) evarbap75exq*a(0he25ekghtfold (29)
overl apping. The displacenent between the begi nning of the block and the

zero point offgpeocg-x < 0.25

If a window function a(x)} is found which fulfils the above three
conditions, the synthesis window can be calculated from the
equation system (30).

o) oo 4 o0 o 0 anl -an2 snl 0

0 o} 0 0 anl an2z an3 ané sn2 0

0 0 anl -an2 anl =-an4 an5 ~-ané sn3 0

anl an2 an3 ang anS ané an7 an8! * sn4l = |1

\ an8 an7 -ané -an5 an¢ an3 -anZ -anl sn5 0
S an3 -and an$ -ané an7 -an8 0 0 snb | o]
an5 ané an?7 ans8 o} 0 0 0 sn7. 0

an7 -an8 0 0 e} 0 0 o sn8 0

equation (30)

The solutions for the calculation of analysis and synthesis
windows of the differently overlapping blocks which have been
given in the ©preceding paragraphs display a symmetrical
constructionh. This 1is clear and recognisable from the matrix
equations (18). The conditions which the analysis window
function has to fulfil produce greater limitations for a
realistic window design with increasing overlapping.

For_a uniform comparison of the different block overlappings, a
Kaiser Bessel window was selected as the basis. The Kaiser



ordi pate system now has the magnl tude TB/16. Furthernore, only the four
var-ants of the transformation as for the fourfol d overl appi ng can agai n be
used. It is also true here that the tine transformation sequence only has
an effect on the sign of the signal cofponent s but not on their position in
time in the synthesis wndow region  after transformation, subsanpling,
t ransmi ssiBefsgid Windawevas amsflofieti dm. dacdm emed ogouk thasi der adaonsfied
there ari sheldedewanitors nahitGh rishef o rantte/ si e r lafith i 5y Nt PESs Sorb TS THLST
observe &okayishesddld e NPyt MARSIOr SRt hAN SAUHIICH éerr §nd1ng to the
transfor n'@ltlh@?)w W'otnlal1t§%§amﬂm9theb3brou]]%lofna%tior néh gy 3!9%&? PYnd& 8
KiBs s mf e

ggnérﬁnglgﬁ %q%?g A n#égk?&gnggélg the w1 é@g er

| ransfor
the fact I’”Ofﬁ’ dl%Y)‘Fﬁ %‘?\%’n’fgby %/8 PRATERR O rre?HSFraPﬂ n& Bl Bgo’é%’éu
during safpPaRy Fre netibbcepugirest ddwithes t paneletrnkprdnewi tﬂ?—swds
by the faceor Be gedpiciedndmrey (FBES i Iheln mMhelopaise anfl dhsplfmmrfamﬂ;d
by hal f aosamplippdnger ithe duiswy Segddingvididdwehspetdr ba modiFGed duasite
transfor mhieoalmlttlads@é'%&masi RE Prcdddnf 3G Ardt ddlicieE Bt LY Jﬂ@ti&hs
the tine ng. Bn@Nq 179 . dBRIAGHEERL ndidh N ARG P o qugqut‘strtaﬂx
equat i onsg 'ghwg;fow B0, a3 tile gl '&ap%e%'m;éﬁe r;wa i?jsy

d h t
iecnt ?%ﬁ arPEe %nanéyﬁbﬁeg.emw&m mmrb%s“t hBetanddd

a(x) *a( 0. g)aeans of aF elggyﬁfageg 12§5(an {17). Since Rhﬁ?llmltatlons
a@&)*a(o 5ox) the ansalysis wkﬂdywizbeppm@(Oegag-x}arger with + increasing
a( 0. 25+x) bae@labpingy atbBe37Bak3édn( BelXelX) winddw can of2f) be provided
a(x)*a(0. Betwpen x=1¥4 andaeceazf&ﬂi)n*a;m Tage of thet SghBrodd aAdlwbrapping
a( O 125+x)$36Q. 3§2+X)The remainin 8O§Z§3ﬁ¥*ﬁ@oﬁig5d9ndbw then had to be
a(0.375-x).536q V\% ﬁ %&rl pepns i q(x%hgn X2%) th(bg)a w ndow function

a(x) is foun ree
The Figures 17 to 22 show the time waveform : of the window
function and the amount of the Fourier spectrum. The windows
were displayed such that the effective width of the window i.e.
the window width in which virtually all of the energy of the
window lies, is the same for all sizes of overlapping. This

ove

width of window corresponds--to.- the  window width for the twofolduwr-

overlapping. The nominal window width doubles for each doubling
of the overlapping as the Figures 17 to 19 depict.

Through the choice of the Kaiser Bessel window as the analysis
\ s window function, the corresponding synthesis windows have
increases greater than one. This behaviour has to be taken into
account for an optimisation of the window on the basis of the
current application since possible interference components which
occur during the coding of the spectrum can be slightly raised
thereby. If one compares all three time functions of the
analysis window with one another, then the almost identical
waveform in the region of the effective window width can be
readily appreciated. From this, there results in the spectrum an
identical width of the "main slope” of the magnitude waveform of
the Fourier transforming of the analysis window function. The
effect which the multiple overlapping has in the chosen example
is clearly apparent from the Figures 20 to 22. Due to the
doubling of the overlapping in each case and the lengthening of
the original Kaiser Bessel window that is associated therewith,
there results ever smaller window edge values. Due to this
effect, there occur in the spectrum ever greater attenuations
into which the spectral waveform flows after the "main slope".



conditions, the synthesis w ndow can be cal cul ated fromthe equation system

(300 0 d 0 0 0 anl -an2 . snl 00 0 0 0
anl an2 an3 an4 sn2 00 0 anl -an2 an3 -an4 an5 -an6
sn3 0 anl an2 an3 an4 an5 an6 1@&n7 an8 * sn4 = an8 an7 -an6
an5 an4 an3 Fnz anl * 0 an3 -an4 anS -an6 an? -an8

0 0 amily ;08 Wbﬂ%°"%n?s trgbe geen @s Jjust gan expmple £qp the

0 an7 -an8 metl’(pd of opgratign of tlpe muptiple overlappipng. Ghegudesign of
(30) The sdihd iwdnsidwrhdadetcadbe uratclond ofo atled ysase aiml Bgnd heThis wnagdowst of
the differ emalmploav,er It Al atles Waiseh bave apeeangilyeils | Rinllb® for the

precedi ng REANSovlr3RbBYng? theTeLL] £als 1693t rigt kpRY1LRI St SR akn
and recogn'a% oeprlaOJQtHSﬁS;%fx“f&* eg?@fx %!‘Slﬂgé At % ’L‘i‘ ofg ‘m'tChnéQEed
anal ysi s w rigow fynctd on to.Ju pr oduc greater atrons for
realistic viddw crea5|ng over | appi ng. For a uni form

conparison of the dlfferent bl ock overl appi ngs, a Kai ser Bessel w ndow was
sel ected as the basis. The Kai ser 17 Bessel wi ndow was nodified in each
case such that it satisfied the relevant conditions for the overl apping
transformation. This always occurred by neans of an expansi on correspondi ng
to the w ndow conditions with the provision of the Kaiser Bessel w ndow
function in a partial region of the window In the case of the twofold
over | appi ng, the degrees of freedomfor the analysis w ndow are still so
great that a conplete Kaiser Bessel w ndow can be selected here (Fig.
17)\ s In the case of the fourfold overlapping, the Kaiser Bessel wi ndow has
to be nodified due to the limted degrees of freedom as are described by

t he equations (16) and (17). Wth the wi ndow construction in Fig. 18, a

Kai ser Bessel w ndow between the normalised tinme values x=1/8 and x=7/8 was
provi ded and the remaining portions of the w ndow appended by neans of the
equations (16) and (17). Since the limtations



for. the anal ysi s w ndow becorre ever larger, with increasing overl apping,

t he \~Kai ser Bessel wi ndow can only be provi'ded between x=1/4 and x=3/4
in the case of the eightfold overlapping (Fig. 19). The renaining portions
of the wi ndow then had to be cal culated by means of the equations (27) to
(29). The Figures 17 to 22 show the %ine waveform of the w ndow
function and the anmount of the Fourier spectrum The w ndows were displayed
such that the effective width of the vvind(iﬁ i,.e. the window width in which
virtually all of the energy of the w ndow5%es=is the sane for all sizes
of overl apping. Thi s d metfhod nttow thoe rmmumuﬁsssbom hefv\hnelcbgnwldt hnf ehich

the twofold overl apgifag. 5 eﬂ-%f %resgii%lto it ?e&logp,ltgs Qld%li?‘ﬂaﬂg

of the overlapping as th rou

the Kai ser Bessel wtrmﬁwtteﬁ?e vl b Ay varrﬁiownvemte@@ohacktheto an analog

corresponding synt gy n%l y@), haug iiRCaseas ﬁﬁeatsqt;ﬁahamenew{aéa by
behavi our has to be taken nt for_an O}Q g_]satl Orgff t he gn
the basis of the cuMS&ns I?“B PP YSPHELlpBeing &Himg IRdWR 185y

whi ch occur during tfhﬂlmdlna_g @dcH hctls@ecmurmmr; lwhidh ofibé yeashs ednverted

thereby. If one co S ncLio al i .

w th one another, t g't%t he al%{;%'?e} %??%%ﬁ'&\%vavgéggétsgﬁef‘ﬁg éél on%q‘t%\t%‘ve
effecti ve wi ndow wi dpectamnhe oh@adidberdsedediyat ed. Fromthis, there results
in the spectruman identical width of the "main slope" of the magni t ude
wavef orm of the Fourier transform ng of the_anal ysis w ndow function. The

ef hggt which the nuldi plRSsd@Ringhptg RAINRAS HO cWABERWEX A ef?§mH“éa|til§“e

apparent ‘fromthe Fi gurggodks @:1&21 Bkt Qetn@ethdmmlwmm @‘vetrlle eﬁt Fieffidohs
in each case and the |engt qlignl n t he orig na{L. Q? iﬂ‘. éﬁl éw ogsrt h%tj)
i s associated therewith, Ivtes 5\’7@ do val u &
to this effect, there odaibegralt hm]smctaﬁjm,ever greater attenuations into
which the spectral waveformflows after the "nmain slope". 18 This famly

of windows is to be seen as just an exanple for the rrethod of operation of
the multiple overl appi ngubliestddg gaeh of the individual blocks displaced

by TB/2*N in the ‘time domain to a sine~ or cosine-
transformation;

c) subsampling by selection’of~each Nth valueaccerding <=+
to the schedule: C1:0,N,2N,3N.... or C2: N/2, 3N/2,
5N/2..... whereby there arise four combinations with
reference to transformation and form of subsampling:

-~ transformation and subsampling form

- Ki: Cosiné transformation + selection schedule cl

- K2: Cosine transformation + selection schedule C2

-~ K3: Sine transformation and selection schedule C1

- K4: Sine transformation and selection schedule C2;

d) applying one of the combinations 'Kl....K4 in any
permutation to each of the blocks involved in the

M

AN



the wi ndow has to be matched to the case.in hand. This neans for exanple,
that' in the case of an analysis wndow for the eightfold
overlapping, the "main slope” is smaller through an appropriate design if
such a large attenuation is not needed after the "main sl ope". dains 1..
A method for the transmission of a signal?2 in which the analog signal is
converted into a digital signal, transmtted digitally and converted back

into an anal og signal (Fig. and in which e _signal is_divided by neans
of nutual | y-overl appi ngo‘f%?ég%’rfb%«/\s"%ﬁfﬁﬁﬁl %‘ hi %‘ﬁ’(ﬁ/ﬁ nfPBEC Hadtife rInQHPs
time, which are each comiidrt eitems 0 fosi chied  SvRIEkEQEPiTEpr @sEiidmy tdR the
I mpl usi ve spectrum ch | A dW. Welgl | S..10 W ndows

and formng tine bl ock?l\z/a(\nfét)%'bl oC é?ednigf%%@é@%‘%%go%ﬁ%p%?%lﬁﬁe'gi ons with

relative sizes of N1I/Nwth N = 2n for integral values of n; b) subjecting
each of the indivi dpl ddiedsinl sRheCedonbPiat BoBSN KN L1y t ikBE HOMBigh1ikd

sine- or cosine- transformatjon; ¢ supbsanpl i by sel ection of each 'Nth

val ue according to theQﬁﬁﬂﬁﬁﬂqg (%9(2%??N?§Nﬂgg?léP C§ga 2afijry Iigpyerse
..... wher eby there aritssmrdsfiormonivmabhansuwindt e eo€ndthd ocomponents in
transformati on and for lng. tra o] ti d I pg f.Qrm
K1: Cosine transformt ﬁgﬁ%%@ﬁé@??gﬁ“&gﬁgdﬁé %KEQ%E%% nﬁ%ﬂ%‘# of'“ﬂat"-i%o%
+ sel ection schedul e COUEE: L appriang _ramiﬂor méhpge andigndbct | compeeis e @re
K4: Sine transfornationchpbrisit’sd | QRiSANGH! 8o€2; oflgifiPbd YieRdnO e ddife

conbi nations KL...K4 in any permutation to each of the blocks involved in
th'_gf,* C L M S * segment of the original signal;

f) coding, transmission and decoding;

g) subjeéting each of the individual blocks to an
inverse sine- or cosine-transformation:;

h) segmenting the time -~ continuous signal into
successive signal portions Ni for i = 1,2,3,...,
which according-to-the combination Kl...K4 used --are
contained in addition to the components Ni... the
components Si... correspoﬁding to these components
reflected in time;

i) summing the components Ni... and Si... in the
signal portions Ni of the blocks involved in the
overlapping.

2. A method according to claim 1, characterised in
that:

a) before the transformation the blocks are weighted by
analysis windows and after the transformation by .
synthesis windows; which form segments - of -the -sane
length TB/N as the signal portions;

A



2 overl appi ng, whereby there ari se four val ue groups with itenms for the
ovelrt appi ng regi ons of the blocks, which differ nmerely by their sign; e)

sel ecting the conbinations K1....K4 to be applied according to the
criterion that after inverse transfornatlon and summati on of the conponents
in the- signal portions of the bl ocks invdl ved in the over | appi ng al

t hose si gnal conponent s are conpensated which do not originate from

decodi ng; o) suby B0t ni e det 8 Iy Beennh, Rl BRI 4ip0iRatToh° of | chR, sigpar
si ne- or cosine- traﬁ@Mqugnuﬂ1Ni»--segnthalqpmpdnentsnsl... corresponsiing
signal into SUCCGS%by%ﬁﬂéﬂnﬁoﬂ§3ﬂéd¥§5 ffégtéd'lﬂ-éi@e byagﬁﬁtﬁgmponep

according to-the COﬁbIﬂdtlon K1. use are contained in
conmponents Ni... th&%cd rﬂﬂﬁ%Y%ﬁs WlE@?We§Béndrn@qxfﬂ%e§@m26ﬂ$6ﬁ%nﬁ§l---

reflected in time; bbrr&%@ﬁhﬂﬂnbh&dﬂﬁﬂeyﬁﬂﬁdm nentsfﬁﬁkfieted ihNtlh€ and
signal portions Ni %Bethe block? I n Otﬁ I-n he overl gggln%{1 2. _ A nethod
according to claim EREPRRELE-Es & e fynt §fl§eV8P h&8™randf or mat i on
t he bl ocks are wei ghted by anal ysis wi ndows and after the transformation by

synt hesi s w ndows; Wﬁ'thefQEEh%%QEE%HE éyntﬁ%¥ﬁ§“§$?35““¥$k3€¥3*35“£23 in

si gnal portions; NG oCcUr S~ by
mul tiplication of tﬁé%ﬂ%ﬁ%ﬁh%ﬁﬁbomEﬂtsﬂqlfllcﬁheh@O@d@W@mmqunﬂltxons in

corresponding to thepe eQER2BEPPLAGr ekygehsd in tinme by the conponents

i

Ly

I) the sum of the regularly occurring signal components
of the analysis window and synthesis window superimposed
in the signal portions of a block amounts to 1; '

(II) the sum of the regularly occurring aliasing
components of the analysis window and synthesis window
superimposed in the signal portions of a block amounts
to O.

3. A method according to claim 2, characterised in that

in the case of window functions symmetrical about the

centre of the Dblock and with double overlapping the

— synthesis window function is determined from a

' predetermined analysis window function according to the
following equation:

a(x)

s{r) =
a?(x) + a*(x+0,5)

for 0 <xzxo0.5

in which s(x) is the synﬁhesis window function,
a(x) is the analysis window function,

—_—

A



of the analysis wi ndow ani... or the.conponents asi... corresponding to

t hese€ conponents reflected in tinme and the conponents of the synthesis

wi ndow sni..; c) the analysis and synthesis w ndow functions used in the
wei ghting must fulfil the followi ng conditions in the overlapping regions:
) the sumof the regularly occurring sigﬁal conponents of the analysis

w ndow and synt hesi s wi ndow superinposed in the signal portions of a bl ock
anounts to 1; (I1) the sum of r rl i ali.asi n n S
of the analysis w ndow and s%n%%ggfgg%%%déﬁl@%%@%#%%%%e%hﬁﬁ’t%gﬁgggﬁaﬁgé
portions of a block ampbunts Yalee Q. ak khehdeeginwing nefta dleck and the
characterised in that in theygpse of aWi pgovVehgncti ons symmetrical about the
centre of the block and with doubl e overlapping the synthesis w ndow
function is determned from a predeterm ned analysis w ndow functi.on
accogdgng tah?hﬁ f?hlowhnﬂﬁenuataeec;aiﬁé géxé%ﬁﬂﬁx?,+cﬂéf%d£§£ﬁsﬁ@rin tRst
X <0,5in ich s(x) is_ the synthesi.s W ndow function, a LS.t

anal ysi s wi ndow fun%:%i 3 e La EP Mmgow* £ t%?’?%p?@@%?%lggﬁoﬁﬁﬁqtse?e
time, having the vatestBeaoft hbebbdonki agdofwidhb| ok foid tdeenkdpridg athebe
end. 4. A nethod acgQr dieg (o] L.ms char I j s ted C :

w ndow functions sy%’rgret F?gg?: g%l(‘):%?m?' Sdc%?llt %g‘tagfvg:ih%g vtﬁr}l(ﬁé}aafn%{hvé%' WL R
fourfol d overl appi nfulféle the follewiy ceanabtons: anal ysi s wi ndow
function, which fulfils the follow ng equations:

. a(0,5-x)%a(x) = a(0,25+x)*a(0,25-x) |
a(l-x)*a(x+0,5) = a(0,75+x)*a(0,75-x) '
for O < x £ 0,25
in which a(x) is the analysis function, and then the
synthesis . window - function- is --determined - from -the.. ...
previously determined analysis window function according
to the following'equation system:
[N |
o o] aﬁl -an2 snl o
anl anz an3 an4| |sn2} 1
anéd an3 an2 anl| * {sn3| = g
an3 -ané 0 0 sn&

wherein

sni are the components of the synthesis window function,
ani are the components of the analysis window function, .
X represents a normalised time, having the value 0 at
the beginning of a block and the value 1 at the end.

* [ L L] S *



a( 0, 5-x)*a(x) = a(0, 25+x) *a(0, 25-x) a(1l-x)*a(x+Q5) =

a(0v75+x)a(0, 75-x) for O [err] x [err] 0,25 in which a(x) is the analysis
function, and then the synthesis w ndow function is determned from
the previously determ ned analysis w ndowsfuncti on according to the .

foll owi ng equation system O 0 anl ~“an2 - snl 0 anl an2 an3
an4 sn2 1 an4 an3 an2 anl sn3 0 an3 -an4 0 0
sng. 0 wherein g, apeyLRfoHORRORGRIRGOL! RIaTHNLNCEh WLRADSEUNIN Rat
ani are the conponents of "the analysis w’ndow fuictidn,” x represents a
normal i sed tinme, hadbndtheecatruefD windge Suprharhg symrefirdealambewe the

value 1 at the end. cent®edofAthR! PAGcRCaRBdWIEN! @igheiraN 3. o¥BR1aBbEhGS efell

that in the case of ,wi ndow functions symetrical about, the centre. of "'the,
bl ock and with ei ghtlFolfS“b%f‘era&i}ﬁFﬂgnﬁﬁeraé‘i%an'f‘%? FHGOW PGt oy yé'f%Ch
w ndow function, whifaiffiakf the tfodlbaihgweggatdoasicons: a(x)[err]a(0, 25-x)
= a(o0,1254x)*a( 0O 125-x) a(x)*a(0,5-x) + a(0, 125+x)*a(0,375-x) + +

a(0, 25+x) *a(0, 25-x) + a(0, 375+x)*a(0, 125-x) = 0 a(x)*a(0, 25+x) +

a(0, 25+x)*a(0,5-x) + + a(0,5-x)*a(0, 25-x) a(0, 125+x) *a( 0, 375+x) + +:

a(0, 375+x*a( 0, 375-x) Lgk?]-?a_zl\bq,z%l@(-)_x) a( Q25 X3+ & @a?Q[Qtﬁﬁlx [err] 0,125

in which A(x) is the analysis function,- and then the synthesis w ndow |

function is determined fromthe previously determnined anal ysis w ndow 4)

function according toathex&Qbl guing +ecg{ai,i1(y3.s,y§i-g?,@7s_x§) + 0 0
0 anl -an2 snl _ 0 _anl__an2, an3 _an4 . !
Sm%/~ 0 + a(0,25+x)*a(0,25-x) + a(0,375+x)*a(0,125-x) = 0

a(x)*a(0,25+x) + a(0,25+x)*a(0,5~x) +
+ a(O,S«x)*a(O,ZS-x) = a(0,125+x)*a(0,375+x) +
+ a(0,375+x*a(0,375~x) + a(0,375-x)*a(0,125-x) |

T

|

for 0 < x £ 0,125

in which A(x) -is -the-analysis-function, - -and - then-the.« -
synthesis window function 1is determined from the
previously determined analysis window function according

to the following equation system:

v

Q 0 Q 0 o) 0 anl -an2 snl 0

0 0 0 Q anl an2 anl ané sn2 0

0 0 anl -an2 an3d -an4 an3 -anb sn3 0
anl an2 an3 an4 an5 ané an7 an8 *"spé = {1
an8 an7 -ané -an5 an4 an3 -an2 -anl snsS 0
an3 -an4 an5 -ané an?7 -an8 0] 0 596 0
anS ané an7 an8 0 0 o o} sn7 0
an7 -an8 Qo 0 0 Q 0 o] sns8 0

in which

sni are the components of the synthesis window function,

* C L L S *



0O .0 anl -an2 an3 -an4 an5 -an6 . sn3 0 anl an2 an3 an4 an5

arng_. an7 an8 * 1 an8 an7 -an6 -an5 ‘an4d an3 -an2 -an

sn5 0 an3 -an4 an5 -an6 an7 -an8 0 0 sn6 0 an5 an6
an7 an8 0 0 0 0 sn7 0 an7 -an8 0 0O O 0

0 0 sn8 0 in which sni are t# conponents of the synthesis

w ndow function, * C L M S * ani are the conponents of the analysis

wi ndow function, X represe a_ no %' ed Li having.the .val ue O at. .t he

begi nning of & bl ofiariF he il TaRoRy§ cob pffie. dR81J81b Gkl rdrlbedal,
X represents a normalised time, having the value 0 at
the beginning of a block and he value 1 at the end.
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