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(57) Abstract

An encoding spparatus is provided for encoding a wideband digital signal, comprising an input (1) for receiving the wideband
digital signal, a splitter unit (3) for splitting the wideband digital signal into a number of M sub-signals and a formatting unit (7) for
assembling digital information including said data reduced sub-signals into & digital output signal having a format suitable for transmission
or storage.. During a repeated encoding and decoding of a wideband digital signal in a subband encoding/decoding system or a transform
encoding/decoding system, signal degradation may occur. In order to avoid this, the apparatus further comprises a variable delay unit (20)
coupled between the input (1) and the splitter unit (3), for realizing a delay, the length of which is controlled by a control signal, and a
control signal generator unit (24) for generating said control signal. -
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An encodi ng apparatus as defined in the opening paragraph is well known*in
t he———Form-of—a——stbband—encoder—or—a—tramstormencoder. Reference s —
made in this respect to EP- A 402.973, docunent D2 in the |ist of

rel ated docunments that can be found at the end of this 15 description.

The inventi oo Hagedyor its object to provide an inproved engegniss@Apdar at us.
The . apparatus in accordance with tkﬁ I nvention as defined in the
foregoing is characterized in that 20 the apparatus further conprises

del ay nmegps coupl ed. bet ween fhe. i nput .nean nd  the splitter nmeans,
for real Wﬁeﬁgm& 9 l&f“ﬁ#@%ﬁ“&%‘%@{ﬁﬂfﬁi tal signal. ,
The invention is based on the follow ng recognition. Investigations carried
out on the quality of a wi deband digital signal that has been
repeat edly encoded and decoded, have resulted to the conclusion that
such repeated encodi ng and decoding nmay | ead to sone 25 signal
degradation. It was recogni zed that one of the.causes of this signal
degradation was the difference in the timng in a decoder and a
subsequent encoder. More specifically, it was recogni zed that, in a
system where a decodi ng apparatus is coupled to a subsequent encoding
appar at us. the si ¢ftwlindentioy relatesitor ansapiparatifs fohencoding @aswidoband aligitah sighal, the
synt hesi | r n WO 97/ 15984
PCT/ | B96 @E coiBrting

- input means for receiving the wideband digital signal, and

2

- splitter means for splitting the wideband digital signal into a number of M sub signals, M
S being an integer larger than one,
~.formatting:means. for.assembling. digital information including said sub signals into a digital
_ output signal having a format suitable for transmission or storage, to a method of encoding,
to control signal generator means that can be used in the apparatus, to a decoding apparatus
and to a decoding method.
10

_ An encoding apparatus as defined in the opening paragraph is well known in the
form of a subband encoder or a transform encoder. Reference is made in this respect to EP-

A 402.973, document D2 in the list of related documents that can be found at the end of this
15 description.

The invention has for its object to provide an improved encoding apparatus. The

apparatus in accordance with the invention as defined in the foregoing is characterized in that
20 the apparatus further comprises delay means coupled between the input means and the splitter
means, for realizing a specific delay of the wideband digital signal.

The invention is based on the foliowing recognition. Investigations carried out
on the quality of a wideband digital signal that has been repeatedly encoded and decoded,
“have resulted to the conclusion that such repeated encoding and decoding may lead to some

25 signal degradation. It was recognized that one of the causes of this signal degradation was the

~ difference in the timing in a decoder and a subsequent encoder. More specifically, it was
recognized that, in a system where a decoding apparatus is coupled to a subsequent encoding
apparatus, the signal delay as a result of the series connection of synthesis filter means



present in the decoding apparatus and the splitter neans present in the

encodi ng -appar at us and their interconnection is an inportant factor.
This, in the sense that this delay should be equal to MI, or equal to
an integer woltasee of MT, where T is the sanpling period gdrids6o1118

w deband digital signal, in order to have the | owest signal degradation. 5
If this delay is however not equal to MM2or to an integer nultiple of MT,
t he " additional delay neans as clainmed should be inserted between t.he

out put ofPresgat igythe deeading apparajys|and the,splitter means presant pm thecincoding apparatuer

nmeans, t ; kS AP nﬁq.gg ' .
t ot al de:’&gg/fk%lﬁﬁtﬁé? ve tﬁ‘ceiigéglxa 0 Iqt éew%le ay%rr‘relagdn%?scsgtaf tsﬁgljgés‘a# ﬁi&u{lﬂ%%e

r equi r enequal 0 MT, or equal to an integas multipls of M.Ta whetedl) isrthersamipling iperiad bf wed
del ay can,. ipctuded in the inpu neans _of the.encodi ng apparatus or
o the o drdheni SiglEE Siendh i Grak i Sy s PR B cbarReRR" "0 A0 P
splittser means in Ifthis delapis gvevppastadqual todMT arl to ahfistegemmullipledt KT, thgat

t he nthesis filter ans, i.n decodj a rat us have the sane
del ay.  aadition delay means a5 £ianc ion! Y e Lty Ge iutnin B wpthered
upon decdiliengneans anditeabN@f e sphipameanss thaddingoshk iadlitiosalldeldyenedRefngOf
an unknown delay, it wll be necessary t i ncorporate a variabl e del ay
in the eﬁmﬁﬁbﬁﬁﬁﬂ‘é} delaw inglugjve e ‘f%%’s%fto the dglay qreapy atisfisidhe abovg t he
total delrgjuiraieat.s M T or equals an intedger nultiple of MT. 20 :
These, an ot her aspects of the invention will be further elucidated in the
fol | oWl ng figure dis®resslti ddelaymeans Bavinga fixed delay can be included in theyimput 1 a

prior artmeane o te/ %Bﬁﬁgiaﬁﬁﬂtus or in the_ouﬂ;ut means of thk @ /ufgr gpré?nin?{,.e&uﬁrgng

decoder/recei ver, ) . figure 3 an encoder
accor dandat\the splitiee meansein anyrencoding apparatus have all theisgmeaelayandahdiahe ment  of

the del a hd: A in figure 3,

Figure o YRReRe AR iBnsRAbb Bpod i Ppafilhadt the SR Moy, o,

figure 6 shows thdf widebandtizital gnalchaydibegd obiained wpon decoditg mubdeadingt
15  apparatus having splitting filter means of an unknown delay, it will be necessary to

incorporate a variable delay in the encoding apparatus in order to satisfy the requirement that
the total delay equals M.T or equals an integer multiple of M.T.

20 , These an other aspects of the invention will be further elucidated in the
following figure description, which shows in
figure 1 a prior art encoder/transmitter,
figure 2 a prior art decoder/receiver,
figure 3 an encoder/transmitter in accordance with the invention,

25 figure 4 an embodiment of the delay unit and the control signal generator shown

in figure 3, .

figure 5 another embodiment of the control signal generator,

figure 6 shows the combination of decoding/reproduction and sub'scquent
encoding/recording,

30 figure 7 shows in (a) the in-band impulse response f.'or a delay between
'decodinglreproduction and encoding/recording in the optimal situation and in (b) the in-band
impulse-response-for- a-delay other-than- the delay-in the optimal situation;-and- -

figure 8 shows in (a) the neighbouring-band impulse response for a delay

between decoding/reproduction and encoding/recording in the optimal situation and in (b) the



encodi ng/ recordi ng, 30 figure 7 shows in (a) the in-band

| mpul se_response for_a delay between decoding/reproducti on and

encodi ng/recording in the optimal situation and in (b) the in-band

| mpul se-response-for a-delay other than the delay in the optinmal situation,
and- -- figure 8 shows in (a) the nei ghbouring-band

I mpul se resw8r?yé5*’6r a del ay bet ween decodi ng/ reprodu&qr(ﬁwggﬂdm
encodi ng/recording in the optimal situatgon and in (b) the

WD 97/ 15984

PCT/ | B96/reighbBuring-band impulse response for a delay other than the delay in the optimal situafion. -
nei ghbouri ng- band i npul se response for a"delay other than the delay 1n the
opti mal situation. 5 Figure 1 shows schematically a
prior art apparatus for encoding a w deband digital signal, such as a
wi deband digital audio signal. The w deband digital audio signal may

have a sanpling frequency of 44.1 kHz, and sanples of the w deband digital

or ovi ded Tor spl | (P #vEchRidkal P BHBPan dopdiyBE bl nBOHE hlwidehby ) ¢
| n the prdigitahisigoalaspthess 4 widebarabsdigita dwutivadigriah eThepvideband digital aBdie signabmay
have a sampling frequency of 44.1 kHz, and samples of the wideband digital signal are
applied to an input terminal 1. A splitter unit 3 is provided for splitting the wideband digital
signal into M sub signals. In the present example, it is assumed that the splitter unit 3 splits
10 the wideband digital signal into M subband signals. Such encoder is called a subband
-encoder.-Another type-of encoder-that could- have-been- used-here is a-transform -coder,~well
known in the art.

. M subband signals SB, to SBy are generated at M outputs of the splitter unit 3.
Those subband signals are supplied to a data reduction unit 53, in which a data reduction step
15 is carried out on the M subband signals so as to obtain M data reduced subband sighals.
Those M data reduced subband signals are supplied to a formatter unit 7 so as to convert the
. M’data reduced subband signals; together with other type of-information; such as scale
factors and bit allocation information, into a datastream that can be supplied to an output
terminal 9, for storage on a record carrier or in a memory, or for transmission via a
20 transmission medium.
| This is all well known in the art. Reference is made to various publications
disclosing an apparatus as schematimily described above, see eg. the references D1 to D4
given in the list of related documents that can be found at the end of this description.
More specifically, a block Bl of P samples occurring in a time interval (tg,t,)
25 of the wideband digital signal is applied to the terminal and 1 is converted into M samples,
more specifically converted into one time equivalent sample of each of the M subband
signals. The next block B, of P samples occurring in a time interval (1,t3) of the wideband
digital signal is converted into the next M time equivalent subband samples, one in each of
the M subband signals. As will be clear from figure 1, the blocks B, and B, overlap each
30 -other, because the block B, is shifted in time over M samples compared to the block B,.

' Time equivalent signal blocks of q samples each, one time equivalent signal
block in each of the subband signals, are comprcssed. in the data reduction unit 5 in a well
known way. Those time equivalent signal blocks are denoted T, ; to T; 4 in figure 1 and
form a macroblock MB,. A subsequent macroblock MB, of M time equivajeht signal blocks



10 the wi deband digital signal into M subband signals. Such encoder is

call ed a subband encoder. Another type of encoder-that could have been
used here is a transform coder, well known in the art.

M subband svgnaisssEB[err] to SBM are generated at M out put SPEVIBREHM 1] i tt er
unit 3. Those subband signals are sgppl led to a data reduction unit 5,
In which a data reduction step 15 is carried out on the M subband signals

so as tofbtgbi.gz')gﬂriggissﬁgéﬁgﬁﬁﬁggﬁ}aébgand si gnal s. Those M data reduced

subband si%n ormatter unit 7 so as to convert the
M data reduced subFrerapparagnadescriiedgntfigare hicatrbortrapparstps farfrecording rdigitabn,
such as s&ale-. factors and bif5 aIIocat'ﬁon I n orrra}i&sn iniofa

dat ast r e AMOrAaton o a gecard cammeL, SUch a3 2 BRgAGHE Tecord Cqrupt, i As ¢xample of sugh . oo
on a recquaﬁmrsrig 8 'redtrding _appmmmymg)bctmypé_r ansnmi ssion via a 20

transm ssion nedi um Thi,s 1.s al] well kno in the art.
Ref erehce is made E‘Q“Va?f phayes W@Hﬁ‘@ﬁg"e of decoding) (5ep °H1\$§Ep‘§?m§°’és

schenmat | GatddeddPerordeds Yy IOUsparsu@ ooGgurt 1€ The ioANARS thRhsinftteBds receivedivieen
in the list of related docunents that can be found at the end of this

descri pt iagrinput terminal 10 and supplied g% defopaatier juis| 12y whichpetsiqressthe diatarreduged| es
OCCUr Il NQyuhih .sti%m’s H&Lﬁfdpﬁinal( inksiia igﬁ,esruf:il)as 3ale Ett&p&d%ﬁﬁﬁ@émon?' gi tal
signal is applied to the termnal and 1" is converted I nto M sanpl es,

mor e spedpformation; foomthe transmittedbsignal. In andatagxpansion runitskiathedats resiced. of t he

i or o ppand A roddGeltRl i y8bind st UuSETE P BRN LIPS | o7
i nto t he ablogation! informatign)i. ¥ thersynthesib anid 16a tholse subbambsignale arhconibined so astte M
2y SRR b B SR B kel 2L 1)
M sanpl es conpar edi twilltheecldar altt oBf ey be able to identify in the decodeki ofefigneg/l thd ent
SO oS s e Wit D B . AL TRt SRS,
a wel 15 meansf\ie ¥itoding ippratusiof fRULE Yafolioived bgaalectding by ndafs 8Pt ed
L) Stebhfot s St £ o B TRk Gt winot an
introduction of an audible distortion.
A problem may now occur duﬁng a repeated encoding (recording) and decoding
: {reproduction).of: the. same. wideband ‘digital signal.. Tests have made clear that'if the.same.
20 wideband signal is copied a large number of xirﬁes, signal degradation may occur. Copying
of the wideband signal means. that the signal supplied by.the decoder. (reproducer) -of -figure 2.
is encoded (recorded) again by an encoder (recorder) of figure 1. Investigation have led to
the following recognition. :
The figures 6, 7 and 8 show the signal behaviour during copying of a wideband
25 digital signal. Figure 6 shows the decoding/reproduction step, more specifically, the step of
synthesizing the subband signals SB, to SBy, into a wideband digital signal by means of a
synthesizing unit 16, and the encoding/recording_step, _fnore specifically, the splitter step_in .
- a Splitter unit 3', so as to obtain the subband signals SB,’ to SBM;.
Assume for the moment that the delay element 20° is absent. Further, as the
30 -synthesis- step-in the synthesis-unit-16" and the subsequent-splitting: step in the splitter unit 3*- -
-are-assumed to have- an-idéal- transmission. characteristic- of ‘unity, this means-that the-subband -
signals §B;" to SB,," will be equal the subband signals SB, to 5By respectively, except for a
specific time delay D. This delay is caused by the internal delays of the synthesis unit 16’
and the splitter unit 3°, and other delays (if present, such as the delay unit 20°) in the
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T[err] to T[err] is also shown in figure 1. The appar at us
described in figure 1 can be an apparatus for recording digital

I nformation_on a record carrier, such as a magnetic record carrier. As
exanpl e of N84 5hnaratus is a recording apparatus of tHE1BEAWIRe 5
Fi gure 2 shows an apparatus capabl e of dgcodi ng (reproducing) the

i nformation encoded (recorded) by the apparatus of figure 1. The

i nf or mat i ednriethdrs Betiveatthie SyfitReis urird1 6 iafd the splified W3’ . 1AV gitiond Ravaled 1o
suppl i ed ich retrieves ta reduced

0 a defornmatter, unit 12, h .
subband shﬁn‘:ﬂngﬁé‘ﬁﬂ %dﬁ thegelay &rﬂqﬂi\ﬁhﬁﬁ? F’B'Fs,m‘s%weaﬁ ggﬂf » Pheseot & thadime. ¢
al | ocat i ofnterval betwesn'SutéR8ve Sdnfpies! dfahé Widkband §i§m,§mrvénsmmioa cHifaBteristic is
expansion unit 14, the data reduced 10 subband signals_are reconverte

i nto subbiifeed therhest-anpraximatianf asenilydrangmission chsractemic For other yaluescior then

i nfor mat i @@ty D, "thé BanshHEGRER16ss Yl éﬁhatummbbﬁaiﬁa&rﬁsmﬁ capiaped
so as to obtain a replica of the original w deband signdl at Yhé' 'output
t er mi nal agthe outputs of the splitter unit Bf. This wilbbe further explainedywith raferdnee tbthe t o-

identify iz g ggaoder of figure 2 the same macrobl ocks MB[err] and
VB[ err] asg}"tr??t h% ggr?lcoder of figure 1. As a result, an encoding by 15

means of the encodRefprigptr @) insfigsre 7 this shoivs tholih-bamd! impulse desposbe IH(FHQ)

means of - [ ' _ { fraure. 2, -.can_be carried out op the

i deband 8 fiecifeui 16RRA iR @RAR Bheih stinet R i 06E 6 S & Tate b npilse

di st ork0i o, supplied to the circuit at poind Pp(a)tih digures shiows the tneighboaiingiband anpalied

encodi ng or di decodji n reproducti.On)._ of the sane_w deband

di gi t al s%‘éﬁ%’f?‘“%’éggﬁh‘ o SRRt nerwet FRlPoE poill Qi R I e as gnal

i fs Cﬁpi edrstt;ltauf e impulsers; fipplied1@sth A eﬁirgﬂ@j)oiﬁhfemrm}alnpmgdgwh ﬁmdl,e, aﬁ&}otﬂaﬂg

of the w deband,sign ans at the signal supplie the decoder

(repr oducg'\‘)"cbﬁq"bf’wg'iﬁaé“gg an al‘l]‘FémB‘i‘llé%Efé é%éh"d&‘d‘)" (abﬁf/ fiswe Saxist dbther

(recor der felay IS isGiutie hht itlequfls M. Fadr ld@ﬂalﬁ‘ﬁﬁ’.ﬁn%g%? mivRiple of M.T¢ teCinltRNd Sfpulse

recogr‘iltlon. The figures 7 and 8 show t he mg\r)‘a?
[

behavi'dur fﬁﬂ?qsﬁd"mdﬁ?ﬁ'ﬁ@ samplgs aj @SB' “%_-di‘%ﬁ‘t'&l 2M. T M. THGME BMshows
the decodBROT! SPIARAHE ihPlseStefdnse R BweRE Fefd &itht ¥imeliflGantt €0, AM.T, 2M.T, -

M.T, M.T, 2M.T, 3M.T, ...., this means that the impulse response results in exactly one

impulse s, at time instant 0, see figure 6. Further, samples occur at the time instants ..., -
3M.T, -2M.T, -M.T, 0, M.T, 2M.T, 3M.T, ... in the neighbouring-band impulse response

20  of (a) of figure 8. As this impulse response is zero at all those time instants, no sample value
will appear in the neighbouring subband.

Assuming now that the delay D is different from N.M.T, where N is an integer
larger than -1. More precisely, the delay is assumed to be 'equal to NNM.T+a.T, where a is
an integer for which holds 0 <a<M-1. As a result, (b) of figure 7 shows the in-band

25 impulse response at the circuit point Q. A number of impulses occur spaced at time intervals
M.T apart and shifted over a time interval a.T compared to t=0. (b) of figure 8 shows the
neighbouring-band response for this time 'delay. Again, impulses occur spaced at time
intervals M.T apart and shifted over a time interval a.T compared to t=0. The non-zero
neighbouring-band response is the cause of the increase in distortion when repeatedly copying

30 - the wideband digital signal. _ |

From the foregoing, .it will be clear that the requirement that the delay .D.should
be equal to M.T or to an integer multiple of M.T should be satisfied in order to minimize

-distortion when repeatedly. copying the wideband digital signal. If the delay in the synthesis
filter unit 16" and the delay in the splitter unit 3' is unequal to N.M.T, the above



synt hesi zi ng the subband signals SB[err] to SBMinto a w deband digital
signal by neans of a synthesizing unit 16[err], and the

encodi ng/recording step, nore specifically, the splitter step in a
splirtter unwo.dinsegk0..as to obtain the subband signal s SB[ er p¢tagogofaggerr]’
Assune for the nonent that the delay elenent 20" is absent. Further, as the
30 synthesis-step in the synthesis unit $6' and the subsequent splitting

step in the splitter unit 3 are assuned to have an ideal transm ssion
char act erfequirement can stil} betmﬁ@)’n‘ﬂiﬁ‘i%“& thsdelay anig 20 anetjchoosing dhe)inggraal siejayrof] *

to SB[ errthe delaylunlawqua{ mtame%aaioaa@y P sifigies uﬁghgwé Mmﬁ%&g elfs]an exampl

respectively, except for specific tinme y Thi s ay Is dse
by the inf Mﬂd)d@llcaﬂ}lsamn dqsenwrmﬂwfmm to (b)in figure 7:and (bhin figre 8; svhermi t

3 oand Qb iad D Vihol ihehERBH of it 8Bafdnk 36", WksBudl o'NAL T T, kWAl ve

PCT/ | B96/dléar1Bat, if the delay unit 20" realizes an internal delay of (M-a).T, the total delay again
connecti qn hetween the, synt hesi nit 16° and the splitter unit 3'.
| nvest i ggtﬁ‘gwg’ ﬁ%%egrghn{ﬂglp?e of ﬁ[’ﬂe conclusion that, if the delay D equals
an integral nunberWﬁeofchMngg wieavatue for thetdelaytDd fiom an intégralemultiplelst MEE o
successw th ba naI th| m. ssi on chara teI’IStIC
i 3B iBREr IS, SHH GARF R M 3 Hn e ciabljsed B eStolD erey of the
Ichar act erslusband siguls gﬁheroumguemefs@ﬁgérhmt ﬁlxs ﬁfgg[av#e@jfoﬁ beeﬁé i[m&iﬂaﬁ] e is -
ess ea at. di te s nd si S err to err]' appear
at th 8 Eﬁf’g "E‘)‘B 'Pk?@f:’ﬁqf»thvéﬁl oryther%ﬁ‘aags wi || be further explained with
reference to the In ond érﬂb&ﬁﬁer?t o'friﬁk ﬁwemlon the encoding appamtuﬂiﬁ?'h&'p?&i?&t f}a)
0 e

|nf|gure this shows the 'in-b 2{) se response g
circuit |WBthe(fixedhdelay ?ﬂe %W“F’tlil SF‘ 190uRk 3 dP“HrYG‘“Q“M the @Sﬂ! elay R gs shown ul t

of an i ”pi‘rl' fifure 6 is equal to N.M.T. In another embodiment of the invention, the decoding _
apparatus may be provided with the (fixed) delay 20', which is égain set to such a delay
15  wvalue that the total delay D as shown in figure 6 is equal to N.M.T. Both embodiments are
possible if the internal delay in the synthesis units 16* of decoding apparatuses have all the
same -and-known-delay value;-and alse the internal delay. in the splitter-units 3* of encoding--
_apparatuses have all the same and known delay value.
| In another embodiment of the invention, as shown in figure 3, the encoding
20 apparatus is provided with a variable delay unit 20, present between the input terminal 1 and
" the splitter unit 3. The variable delay unit 20 realizes a delay of the wideband digital signal.
This delay can be equal to m.T, where T equals 1/f,, f, being the sampling frequency of the
wideband digital signal. m is an integer value between 0 and M-1. The delay can also be
larger, more specifically, m.T+N.M.T. Preferably, however the delay 20 is capable of
25 realizing a delay m.T, between 0 and (M-1).T. The delay unit 20 has a control signal input
22 for receiving a control signal that controls the value of m, and thus control the amount of
delay realized. A control signal generator 24 is present for generating the control signal.
The value m is controlled in such a way that the delay D, as defined in figure
6. equals N.M.T. As has been explained above, the exact setting of the delay 20 can be
30 established by determining the (total) power in the subbands $B, to SBN;, generated by the
" splitter unit 3. If this (total) power is minimum, the delay 20 is set to the correct value so ’
that D equals N.M.T.
Figure 4 shows an elaborated version of the delay unit 20 and the contro! signal
generator 24. The delay unit 20 comprises an M-tap delay line 30 having an input coupled to



10 s[err] supplied to the circuit at poi nt P. (a) in figure 8 shows the

' nei ghbourlng band' i npul se response H(P, R)-of-the circuit-|ocated
betweem the TITTCUIt porms P ang R 1 figure o as a  ~  resoft—of—the

i mpul se s[err] supplied to the circuit point P. For subbands lying further
away t han t he nei ghbouring bands, an alike inpul se response as shown in
(a) of figwesnsssasts. If the delay Dis such that it reqaases01MsT or
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those tinme inst ants, no sarrp e val ue appear In he nei g
subbandi. ‘are concemned. The splitter wajtsid4: hitp 3sM-havereachan muayotmhvdstom ¢areasponding om

NMT, E®f é eéﬂsa+m€9ﬁaxﬂlx?e 30! %gﬁﬁmfepﬂﬂm 34.11038. %\Rreﬁsﬂg e M€ delay

IS assune nt e or whi ch
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i mpul se ry tagd r ced
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for tfs uI r ac i nt eryal s

W alhr iR e AR yollBl R oL R of RSB pRneTY gres povtercvalies
non- zer o are supplied giahbulmetgagbmtd% MmmmamntMs douswe 40.M fiﬁ sumﬁﬁﬁiglﬁte in

di stortign whe eat 0 the wi deband. digita

From t h&°W5t 5@5?‘#8 al ‘ffd‘mf @é rastlﬂé’smf'h%s‘f"gﬂﬁ? P’%%PH ftﬂﬁa‘ﬂ Sﬁé”HéT ay D
shoul d  valuehi€THiS shmbfon\éah uerreilfzearin el dR) @6miil] id afth@¥ sudinfaiinGel d be
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wi deband © icatinrofithe PAKEraYRlues 16 the linpat deraain. The sumimed powversi ¢ 16°
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determines which of the M summed powers is the smallest and generates a signal at its
-output 43 indicating which of the M delays has resulted in this smallest summed power
value. The signal supplied at the output 43 is thus an indication of this delay, and is indicated
by a specific value for m. Some averaging over a number of measurements is required in an

20 averaging unit 44, in order to derive the control signal c, that is supplied to the control signal
input 22 of the multipiexer 32. The multiplexer 32 selects in response to the control signal c,
applied to its input 22 those signal from the M taps of the delay line 30 that has led on the
average to the minimum summed power.

The determination of the minimum of the summed power can be done slightly

25 different from the way as shown in figure 4. In an alternative of the embodiment of figure 4,
the control unit 24 comprises only two series arrangements of a splitter unit, such as the
splitters 34.1 and 34.2, a power determination unit, such as the units 38.1 and 38.2, and a
summation unit, such as the units 40.1 and 40.2, which series arrangements are coupled to a
minimum power determination unit.

30 In a first measurement, the two series arrangements are coupled to, for
example, .lhe first two taps of the delay line 30 and the minimum of the two powers is
determined. Next, a second measurement is carried out. One of the series arrangements that
led to the minimum of the two powers remains connected to the same tap during the second

measurement. .The ather_series arrangement is coupled to, for example, the third tap of the
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requi r enent can stiII be net by inserting the delay unit 20" and choosi ng
the inter n@k b) the delay unit 20' such that theptgimbofies ay D
satisfies the above reqwrerrent As an exanpl e, if we study the
situation described with reference to (bB in figure 7 and (b) in figure 8,
wher e - the delay D without the insertion of the delay unit 20", was

equal t o dilap!linecB0T In ithe sicbid measutcrag¢ntaagairhthe, minimumof db¢ two pewers 2alculated

i nt ogrbpeiripr el s i mebdfrdthent is atfed BLE g Sefil AffHegmen, e EGAMEC,

t he del ayn thef mh'rhnaﬂ: mmmegwalpomi'st ingthe sebnd/nfeasurement retains rmnnectadgbehe same
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rrul ti ,
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for other de] ays. eé‘l % e&téodl rg;lnt of the.invention, the
encodi ng calepiatesis determined. This\js gentinued untjlall, Ve besn weddy a0 | whi ch
i s set tGnaavsreméndatMay %H&F?bﬁmag&&metrﬁinﬁhuﬂw Be@FminBOWithe Jast | N figure

6 is equal to NNMT. In another enbodi nent of the inventiaon, the decoding
appar at udneRsyrementRa refates i the dalay torheselertedy-the ultiplgrar3?. i s again set to

such a del ay 15 gwisQﬁwstm:ﬁe%a,bo@tﬁiegyoﬂha%oﬁmvmumfq.:a&eg gmé equal

to NNMT. Both enbodi nents are ossible If the intern In the
synt hHi gefergnce nymeraémde'ﬂmwmguambawatadsrag masemblance withethe unit 24:ofdfiguned.

known del'ﬁ% m 2P c%ﬂﬂ)rﬂl: %ﬂﬁgé\ﬁt& rﬁ}‘\ﬁt’ﬂalfordﬁlbﬁﬂ/n ﬁk&t@%&ﬁg é\{lg%})g@% ﬁ@ét_glssxgnal of

encodi ng T apparatuses
| n anot hepplerbtedthednput @6. The subband signals generated by theruhit Jdaze Sypplibd teepavexti ng

20 3pPar bk B0 U 8§t D GclE SRl acd el 9 Mim B, £ o

i nput termna
realizes 49 dqiraynbfortshmmnpldtcalﬁobumgs béthesMgmhband s:gnalsTlso as atebmncxasurﬂuﬁed

caual 139 by, ML B P HBLct LB i By BP9 R B B o0
M 1. The didbhand(ﬁgnaahnﬂxehao the inphe2@jer summ&mmaiueaaldb&mmif bid.thé Bnit 40.
Prefer abl'f{He IUIOQAan\l/neur:d wgerdvealh?e\é a?e? Slllpsphgg?oa e umtf42 for determining the smallest

_summed power value of the M summed power value. After averaging in an averaging unit

44, the control signal c,, is generated, which control signal is supplied to the control signal

20 input 22 of the multiplexer 32.

The derivation of the control signal c; need not necessarily be realized on the
basis of the total power of the subband signals, but can also be derived from an estimation of
the total power, which may be the estimation of the power in one or more of the subbands
only, but not all of the subbands. _

25 An encoding apparatus is thus provided for encoding a wideband digital signal,
comprising an input (1) for receiving the wideband digital signal, a splitter unit (3) for
splitting the wideband digital signal into a number of M sub signals and a formatting unit (7)
for assembling digital information including said data reduced sub signals into 2 digital
output signal having a format suitable for transmission or storage.

30 During a repeated encoding and decoding of a wideband digital signal in a
'subband encoding/decoding system or a transform encoding/decoding system, signal
degradation may occur. In order to avoid this, the apparatus further comprises a delay unit,
more specifically, a variable delay unit (20) coupled between the'input (1) and the splitter
unit (3), for realizing a delay. In the case of a variable delay unit, the iength of the delay



25 realizing a delay mT, between O and (M1).T. The delay unit 20 has a
control signal input 22 for receiving a control signal that cdntrols
t he—vatuve—of—m—and—thus—comtTot—the—arrount—or detay realtzed. A
control signal generator 24 is present for generating the control signal.
The value mis controlled in such a way that the delay D, as defined in

figure wbovessaal s N M T. As has been expl ai ned above, prOWIR96MEtHSSEtti ng
of the delay 20 can be 30 established by, determning the (total) power in
t he subbands SB[err] to SB[err], generated by the splitter unit 3. I[f

e S O the RY Hherdclay it M Bnurbfis 81Fh pefd sleRaly R crol Yondi UehBklor Yt S

that D e uree ora
versi on @4)tibpretentofpr gendratitig saidccontrel sigma.r ol si gnal generator 24. The
S\g 837/ / liglgg 420 Comhi?setstheagrels\gng ?chr?n%ln%s lb[cennedé)’sgrilpe%\/\{/it reas;r)]ec't & g}efe(.:nqe%p.l ed to

PCT/ | BO6/ethbbdfinents thereof, it is to be understood that these are not limitative examples. Thus,
the input 26 of the delay unit 20 and Mtaps as ou

- J ¢ t puts coupled to
cor r esyiuiYaTies magifications f@ay-bewmﬁmmt-é%@wsesa‘ql_lmndg%-mt-waﬁgqtmepmnsi pl exer
32 is coyplPthel Ropd'8f MHaliRVEntiéS, sefdelh_hax fethe ppenbidd claims. 20. The control

signal generator 24 conprises Msplitter units 34.1 to 34.M The splitter
units 34.As anoexampis, the wideband digitalisignaheeed ot pecessatilyi he 8 widebandydigitatiaudips £ ar
as their g I . The splitter units-34; 1 to 34;M
have eacﬁaggﬂﬁgﬁ%lglggﬁﬁgﬁafﬁgﬁgacors{gggfoondi ng one of the Mtaps of
the delay line 30. The splitter units 34.1 to 34. M each generate M

subband signals that are supplied via the lines 36.1 to 36. Mrespectively
to correspondi ng signal power determnation units 38.1 to 38.M The
power determination units 38.1 to 38. M



determ ne the signal power in each of the subband signals supplied by one
of the splitter 10 wunits, resulting in Mpower values, one for each of the

subband signals. Those power val ues are supplied via the lines 39.1 to
39.Mto summation units 40.1 to 40. M for summ ng the power values in
all of the WOI8e#dds so as to obtain a summed version of akcTAHISONUPOWETr
val ues. This summation can be realized ij,the dB domain, so that this
sumation is effectively a nultiplitation of the power values in the

i near d i Wer. s. i he re sypplied to a mninmm
pover de?‘er{?n‘];} nrgiglthgn&%w&gs\ﬁ?ﬁ%“u@i‘%"mﬁg FfoRt B4 e‘{(}éﬁ%{’ﬁé'g q?ﬂ‘ﬂ"&ﬁ“of the M
sumed powers is the snmallest and generates a signal at its out put 43

i ndi cati i ch t.h esulted in this smallest sunmed power
val ue. TRglgrgnalq@%ﬁbﬁwgzﬂgbqﬁiéagﬂpgut 43 is thus an indication of this
del ay, an@®2)s i ndiEPAC402.973 (FNA343yi fic value for m Sone averagi ng over
a nunbgr measur n LS. [ ired_ in an 20 averaging unit 44, in order
to der vé%?\e contﬁg'lEA é&’gh@ (Pi'ﬂgrlp]?‘%hat is supplied to the control signal
i nput 22 (plyyt he mupiphexss] @HN TS0y tipl exer 32 sel ects in response to
the control signal cl[err] applied to its input 22 those signal. from
the Mtaps of the delay line 30 that has | ed on the average to the

m ni rum sumed power. The determ nation of the m nimum of
t he sutmmed power can be done slightly 25 different fromthe way as shown
in figure 4. In an alternative of the enbodi nent of figure 4, t he
control unit 24 conprises only two series arrangenents of a splitter unit;
such as the splitters 34.1 and 34.2, a power determ nation unit, such
as the units 38.1 and 38.2, and a sunmmation unit, such as the units
40.1 and 40.2, which series arrangenents are coupled to a m ni num
power determ nation unit. 30 In a first neasurenent, the two
series arrangenents are coupled to, for exanple, the first two taps of
the delay line 30 and the m ni mrumof the two powers is det er m ned.
Next, a second neasurenent is carried out. One of the series arrangenents

t hat |l ed to the m ninum of the two powers renains connected to the
same tap during the second measurenent. The ot her series arrangenent
is coupled to, for exanple, the third tap of the
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dellay Tine 30. Tn the Second nmeasur ement, agaln tne m ni fum 6fThe TWo™
powers cal cul at ed Is determ ned. Next, a third neasurenent is carried
out. The series arrangenent that resulted in the mninmumof the two

powers in tW@9%&¥W8hd neasurenent remai ns connected to the PEHEBISOII8AD as
during the second neasurenent. The ot her series arrangenent is coupled to
the fourth 5 tap of the delay |ine 30. fn the third neasurenent, again the

m ni mum %tv\o power s calculated is determned. This is continued
until ‘al aps. have been used in a nmeasurenment. The tap
corresponding to the m ni num power determned in the |ast measur enent

now relates to the delay to be selected by the nultipl exer 32. _
Figure 5 shows another enbodinment of the control unit 24, denoted by the 10
reference numeral 24'. The unit 24" shows a large resenblance with the unit

24 - of figure 4. The uni t. ' ri unit 34, for

subband Splitti ngAtpR s 8‘03}?83-856 @Fb@a F‘fs‘gﬁ é"ﬁmppeat%om@smsput 26.

The subbaihus ingand &rg&tﬁiﬁé@ﬁxﬁﬂeﬂaﬁ@dw Slgrfhlaﬁ;ﬂ] supplied to power

determ nation unit for determni ndq the. powers in the subband signals. A
1§

sunmat i on SPier means %KCFP?‘@"’% thes widebangy ’éﬁhﬁgﬁ@ inica pbetcaf Maubisignals, Mibband
si gnal s, béifig an ihtegdNheNtian sHEMEd 15  power val ue. For M subsequent system

cycl eg at is for M.subsequent del ays of the wi deband si gnal applied
to the i ng‘mﬂaﬂﬁlg means foe @M&i@s %m@fpgnai@nemwmwsw suthsigoals intd @ digital

The M sugiiptt SOV havidk H%nﬁt%u%@fdr@ﬂnirﬂns&n&?cf‘ﬁh& g2 for determning the
smal | est sumed power val ue of M sunme 8\/\/er val ue. After

aver agi nfhararierized e thay theapparatus further £omprises dp&aytmuns soypled betiveen the input

ener at egheat¥ii r.ol I nput
95701 1t nineat R Iné Qg neih] 6 reafiify Bpdciic béla) B Wibena heBh et of
signal cRerr] needpmtulac chisved inycldim I,achaiazierizahintthat the delab&k&iaﬁs &fa t he
t ot alygpo b an.,al e. deri rom an
est i nlglto i gﬁ{%’g déﬁ}ﬁmﬁﬂﬁ ?& S‘ 5@ hﬂ'&/\eaelamﬁ%ﬁ "ﬁﬁ&(’fg‘gh‘lﬁhg ‘if.@Ifr\F/’ {’%ﬁ coptrel e
power i nsigrad, the apparatus ffurthee csmbhangi sontrol signal generator means for generating said

---control-signal.

3.  Apparatus as claimed in claim 2, characterized in that the control signal
generator means comprises signal power estxmanon means for estimating the signal power in
15 at least one of the M sub signals so as to obtain a power value for each of a number of
delayed versions of the wideband digital signal, comparison means for comparing the power
values for said number of delayed \}crsions of the wideband digital signal and for determining
the smallest power value, the control signal generator means being adapted to generate a
control signal having a relationship 1o the delay of the delayed version of the wideband
20 digital signal resulting in the smallest power value.
4. : Apparatus as claimed in claim 2, char;acterized in that the control signal
generator means comprises signal power estimation means for estimating the signal power in
each of the M sub signals, and power combining means for combining the M signal powers
~ of the M sub signals so as to obtain a combined power value for each of a number of delayed
25 versions of the wideband. digital signal, comparison means for comparing the cambined
power values for said number of delayed versions of the wideband digital signal and for
determining the smallest combined power value, the control signal generator means being
adapted to generate a control signal having a relationship to the delay of the delayed version
of the wideband digital signal resulting in the smallest combined power value,
i s Apparatus as claimed in claim 1, characterized in that the delay means are
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ut not all of the subbands. 25 : An encodi ng appar at us
provi ded for encoding a wi deband digital signal, conpri sing an

1) for receiving the wi deband digital signal, a splitter unit (3)
splitting the wi deband digital signal into a nunber of Mfﬁg

an %ﬂ’@?&atti ng unit (7) for assenbling digit2FVMEP8HIRL i on

ng said data reduced sub signals jnto a digital out put si gnal

a format suitable for transm ssion or storage. 30 :
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0) coupl ed between the input (1) and the splitter unit (3), for
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- input means for receiving the wideband digital signal,

- splitter means for splitting the wideband digital signal into a number of M sub signals,

- output means for supplying the control signal,

characterized in that further comprises delay means for supplying a number of delayed
versions of the wideband digital signal, ,

- signal power estimation means for estimating the signal power in at least one of the M sub
-signals so as to obtain a power value for each of said number of delayed versions of the
wideband digital signal, comparison means for comparing the power values for said number
of delayed versions of the wideband digital signal and for detecting whether one of the power
values is substantially smaller than another power value, the control signal generator means
being adapted to generate a control signal upon such detection.

8. Control signal generator means for deriving a control signal from a wideband
digital signal, that can be used in an apparatus as claimed in anyone of the preceding claims,
comprising

- input means for receiving the wideband digital signal,

- splitter means for splitting the wideband digital signal into a number of M sub signals,

- output means for supplying the control signal, |

characterized in that further comprises delay means for supplying a number of delayed
versions of the wideband digital signal, '

- signal power estimation means for estimating the signal power in each of the M sub
signals, and power combining means for combining' the M signal powers of the M sub
signals so as to obtain a combined power value for each of said number of delayed versions

of the wideband digital signal, comparison means for comparing the. combined power values. ___

A RO
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for said number of delayed versions of the wideband digital signal and for detecting whether
one of the combined power values is substantially smaller than another combined power
value, the control signal generator means being adapted to generate a control signal upon
such detection. | .
5 9. Apparatus for decoding M sub signals so as to obtain a wideband digital signal,
the apparatus comprising ' ' |
- input means for receiving the M sub signals,
- synthesis filter means for combining the M sub signals into said wideband digital signal, M
being an integer larger than one,
10 - cutput means for supplying the wideband digital signal, ‘
characterized in that the apparatus further comprises delay means coupled between the
synthesis filter means and the output means, for realizing a specific delay of the wideband
digital signa].
10. Method of encoding a wideband digital signal, the method comprising the steps
15 of - ‘
- inputting the wideband digital signal,
. - splitting the wideband digital signal into a number of M sub signals, M being an integer
larger than one,
- assembling digital information including said sub signals into a digital output signal having
20 a format suitable for transmission or storage,
characterized in that the method further comprises the step of delaying for realizing a specific
delay of the wideband digital signal, prior to splitting the wideband digital signall.
11. Method of decoding M sub signals so as to obtain a wideband digital signal, the
method comprising the steps of
25 - receiving the M sub signals,
-=-combining.the M sub signals.into said wideband digital signal, M_being an integer larger
than one,
- supplying the wideband digital signal,
characterized 'in that the method further comprises the step-of- delaying for realizing a;speciﬁc
30 “delay of the wideband digital signal.
12, Method as claimed in claim 10 or 11, characterized in that the wideband digital
signal is delayed in the delay step by a delay of (m+N.M).T, where m is an integer constant
for which holds: 0 £ m < M-1, Nis an integer constant larger than -1, and T is the time

—_— .

]

interval between two subsequent samples in the wideband digital signal.
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each of the Msub signals, and power conbining neans for conbining the M

si gnal power s of the Msub signals so as to .obtain a conbi ned power
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wi deband digital signal. - ‘ Apparatu cl-ai med |n claim 2,
3 or 4, characterized in fhat the vhriablyd m

realize a dela I

[err] m[er

T Is the tli me

i nterval be : DHCTION Wi depand di gi tlal.si gnal ,
the control Bhatior UNFans pei ng adapted tof gen tefa‘tontrol
signal so as to ¢ val ue offm . h% Co ol gi gpal
generat or nean i viing a contfol signal fromj wieband 10 1 gital

signal, that cqdCONEROLsefl iin an appa}atus fs claimed in fanyone of |the
precedi ng cl4risiGNAL  Eodpri sing SBy :

GENERATOR ’ >
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- input neans for receiving the wideband djigital signal, ——=—splitter

‘means for splitting the wdeband digital signal into a nunber of M sub

signal s, - output means for supplying the control signal, 15

char act er iyzfehrispgat hat further conprises delay nmeans for segphpssng1i8 nunber
of del ayed versions of the w deband digital signal, - signal
power estimation nmeans for estinmating the signal power in at |east one of
the Msub . signals so as to obtai 5.pomer val ue for each of said
nunber of del ayed versions of the eband digital signal, conparison

means for conparing the power values for said nunber 20 of del ayed

versi ons of the w deband di giftal signal and for detecting whether one of

t he power val ues is‘ suastgntl ally small gr than angt her power val ue,
the control signal gener ans bei -adapt ed .0 generate a control
si gnal upon such deteett ﬁ---l--e' ————— eom-r-o+- ghel—gener at or

9

nmeans for derivindg a ces Si=GHE af=cbaband di githl signal,
t hat can be ugb4 ; pparm'qapﬁwgnged i n fanyone of 32e pfecgding
clains, 25 coO et maii a5 Sy ecei vin M fle a
digital signalgg splfitter ans ftor splytting the W debahdy di gital
signal into a nu r-.of {M-sub [si-gnal s, --.out put MX-£ by pl-yi ng
the control si gnal ) chargcterized in tyrat conpr] ses del ay
means for supplyi nig a_nynber of_delayed 301 versions_of t vvi_,;ieband

digital signal, gnal fpower estinatf on neans for fs¢inating the

si gnal power i}, 0 he IM sub signal s, and Eower (of0) ni ng means
for conbining the MK jowers of the Mlsub igna{s so as to obtain
a conbi ned power vial B Tq@T4adh of sai d nunper of delayed VEr si ons of

t he wi deband di gi thl 1 donpari son nmegns for cohparifpg the combi ned
power val ues. | r’g)}z : |

- M R

34 M

: K J

138~ wl

, -

| 36.2—

| M’I

38.1-]'\- +~-38.2 -’TSB.M

42 _

>
nNl
. =
K T |
u ! -
o :
H ~N
=
@a
=

B FIG. 4



WD 97/ 15984

PCT7TTB967 01118 13

for said nunber of delayed versions of the w deband digital signal and for
det ect i ngy¢gei4984 one of the conbined power val ues i BCEHABSASHORHS| al | v
smal | er than anot her conbi ned power . val ue, the control signal
generator neans being adapted to generate a control signal upon such
detection. 5 9. Appar at us 4f decoding M sub signals so as to
obtain a w deband digital signal, 4#&5 appar atus conpri sing -

i nput nmeans for receiving the M sub signals, - synthesis filter neans,
for conbining the Msub signals into said wi deband digital signal, M
bei ng an integer larger than one, 10 - output neans for supplying the

wi deband digital signal, characterized in that the apparatus further
conprises del ay neans coupl ed between the synthesis filter neans and
the output neans, for realizing a specific delay of the w deband

digital signal. 10. Met'hod of encoding a wi deband digit al
signal, the nethod conprising the steps 15 of - inputting the -

w deband digital signal, - splitting the wideband digital signal into
a nunber of M sub signals, M being an integer | ar ger than one, -

assenbling digital information including said sub signals into a digital
out put signal having 20 a format suitable for transm ssion or storage,
characterized in that the nmethod further conprises the step of delaying for

realizing a specific del ay of the wi deband digital signal, prior to
splitting the w deband digital S|gnal 11. Met hod of decodi ng M
sub signals so as to obtain a 8'deband digital signal® the met hod
conprising the steps of ) . ] R
. Y - - - —-
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25 - receiving the Msub signals,

- conbining the Msub signals into

sard—wrdeband—digrtatsrgnar, M Del ng ani nt eger [ ar ger than one,

suppl ying the w deband digital signal, characterized in that the

met hod f urd ey, Pri ses the step of delaying for realizi po@6GEd i ¢ 30

del ay of the w deband digital signal. 12. Met hod as clainmed in
claim 10 or 11, characterized in that the w deband digital signal is

del ayed in the delay step by a del ay of
const ant for which holds: 0 [err]

const ant
subsequent sanples in the w deband digi

D=NM.T So

| arger than -1, and T is the ti

(jpFN. M . T, where mis an integer
rr] M1, Nis an integer
i nterval between two
tal signal
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