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signal with the lower resolution, pseudo-random noise is added to the input digital signal.
Adding the noise results in a dithering of the signal, in order to smooth out the harsh linear
transfer function of the 32-bit to 16-bit quantiser. When reproducing the digital signal, the
identical noise signal is subtracted from the recorded signal to provide a substantially noise-
20 free 16-bit signal. Synchronisation of the noise signal and the digital signal is achieved by
- regenerating an indicator signal from the recorded signal. o , o
';'i_ E ©°. Present da’y_guari_ti'sé_ﬁm of 'signals for réco;ding qﬂ a rgédrdin_g medium sﬁch_ :
as compact discs is limited to 16 bits, resulting in a maximum dynamic range of only 96 dB.
Although it is possible to use the same recording techniques for recording digital signals with
25  alarger word length and thus higher dynamic range, such a recording would not be
compatible with older systems for replay. The method and system described in GB-A-2 293
297 improve the quality of playback of the signal by adding noise to the signal before
quantising, but as the synchronisation and noise parameter data are included in the recorded
signal, identical copying of the recorded signal is possible.
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signal, D t h efmr‘]l((:) nonI cie?e%%mes the amount of distortion in the reduced word length signal. The human
ear is more sensitive for noise in small amplitude signals than for noise in large amplitude
signals. This psycho-acoustic effect allows to add noise to degrade the reduced word length
signal while still being discernible and audible, be it at a reducgd quality level.
In a further embodiment, the amplitude of the noise signal is at least equal to a
25  predetermined noise value. This predetermined noise value is chosen to assure that a dither
effect is provided, even for large amplitude signals.
Noise shaping techniques may be applied to obtain the noise signal having
more preferred characteristics. -
. : In an even further embodiment, the reduced word length signal, the non-linear
30 device parameters and/or the noise parameters are recorded on a recording medium. As an
example, the recording medium is a compact disc and the reduced word length signal is
recorded on a first channel and the non-linear device parameters and/or the noise parameters
are recorded on a second channel, the first channel and second channel being separate

channels. This allows to provide a low quality reduced word length signal, e.g. as a pre-view



30 device paraneters and/or the noise paraneters are recorded on a
recording nedium As an exanple, the recording nmediumis a conpact disc
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By properly choosing the non-linear device parameters and noise parameters, this additional

degradation may be limited to an acceptable level.
In a second aspect, the present invention relates to a signal processing
apparatus according to the preamble defined above, in which the quantising element has a
25  non-linear transfer function, the non-linear transfer function being defined by non-linear -
device parameters. More preferably, the signal processing is arranged to execute the method

according to the present invention.
Also, the present invention relates to a s1gnal decoding apparatus for
recovering an output signal from a reduced word length signal provided by the signal
30  processing apparatus according to the present claim, comprising a second quantisation
element having a second transfer function for transforming the reduced word length signal
into a decoded output signal, the second transfer function being the inverse of the first
transfer function.
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- M/Ds= c; tanh (czD; +¢3),
20 ¢1, ¢ and c; being predetermined NLD parameters NLD,.
In general, the characteristic function of the first NLD 10 should comply with
the requirements, that the function should be monotonous over the input signal range, that for
zero input value, the output value should be substantially zero (i.e., in the above equation,
c3~0 and preferably c3=0), and that the output value for negative input values should be
25  substantially equal to minus the positive input value (f(-x)~~f(x)). Of course, the
characteristic function should also comply with the primary objective of the first NLD 10, i.e.
to reduce the word length of the digital input signal D; from n bits to m bits.
Preferably, a noise signal N is added to an original digital input signal M; to
" obtain the digital input signal D;. The noise signal N is generated utilising a pseudo-randoin
30 dither-noise source 12. The noise signal N is added to the original digital input signal M; by -
adder 11, resulting in the digital input signal D;.
The characteristic of the added noise signal may be determined by noise
parameters N, such as the probability density function (pdf), amplitude, seed value, etc. The
noise parameters N, are chosen to affect the original digital input signal M; ata



zero input value, the output value should be substantially zero (i.e., in
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added by the noise source 12 and the amount of distortion introduced by the first NLD 10.
Alternatively, the reduced word length signal M, may be transmitted by means of a
transmission medium, such as the Internet or a telephone line, to a receiver.
For recovery of the original input signal M;, the reduced word length signal M,
25 isinput into a second NLD 14. The second NLD 14 has the inverse characteristic of the first
NLD 10, transforming the m-bit reduced word length signal M, into an n-bit decoded signal
M. Of course, the decoded signal My will comprise quantisaﬁon noise caused by the
subsequent operations on the signal by the first NLD 10 and second NLD 14.
The addition of the noise signal N to the original digital input signal M; and
30 the subsequent non-linear operation by the first non-linear device 10 provides a reduced word
length signal M,, in which the SNR for small amplitudes is smaller than the SNR for large
amplitudes. However, the second non-linear device 14 reduces the relatively large noise

component for small amplitudes and amplifies the relatively small noise component at large
amplitudes, thus resulting in a substantially constant SNR over all amplitudes.
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signal N.

Of course, the parameters NLD,, N and the reduced word length signal M.
may be transferred over separate channels, either physically separated channels or channels
~ separated in the time domain. It is, e.g., possible to provide the reduced word length signal
25 M, as a preview (or better, prelisten) signal, e.g. via the Internet. The preview signal M, has a
reduced quality (lower SNR) compared to the original digital input signal M;, but the NLD
parameters NLD) and noise parameters Np are chosen such that the signal is still acceptable
for preview purposes. Only after payment, the parameters NLD), N, will be made available
via a separate channel (e.g. a secure Internet connection), in order to allow recovery of the
30 - output signal M, with high quality.
It will be apparent to the person skilled in the art that other variants are
possible, such as only either the NLD parameters NLD,, or the noise parameters N, being
variable. The fixed parameters may than be included in the replay equipment (buried in



15 paraneters nmay be stored in the sub-code of the conpact disc, but also
by enploying a physical change in the conpact disc, such as pit-length
modul at i ORy@hadsis- dept h nodul ation. The solution wWth ppEERiXSipal change
provi des the additional benefit that a pormal conpact disc copy operation
wi || onIy copy the reduced word |l ength Signal Me, and not the physically
encoded i LEhPE] WitlDBe fedabdd werd lengisifn8Ct i On, as
t he. reduc ggmﬁggk'llvggﬁl si gnal ailg\é/lrt%g% notﬁbe recovered tog'émhe u bit

out put siMmal M without added noise signal N O course, the paraneters

NLDp, Np and the rﬁﬂP@ﬁﬂef’&F S g%ﬁé@ﬂﬁnerred over
separ ate channel s er physi caﬁﬁgissée% ted hanne S or channel s
separ at edgeneratigthe noise simathtobnddeéto’@e gﬂgmﬁﬂ signpk M alipwvingiegr educed
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via t {g aﬂ?@éﬂ,% pr eV| BW S gna has reduced quality (lower SNR)
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connection), in order tg, all ow recovery of the 30 output signal Mo with
hi gh qualﬁ°§‘§¥ ded withygn gvep %W&F&s‘ﬁi‘gﬂf‘o the person skilled in the art that

otherjyariants ar eThpO®e ﬁkﬁs&xtn‘fd&foﬂaﬁﬁw@@'r&oﬁi rh@igiriah dighthlldafaaigaakNer s NLDp
or the noise par aneters
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word | ength si‘gnal In a further enmbodi nent, qq i se shapi ng techniques

are appl |'§h¢mﬁﬁeﬂm§@@faﬂmhaﬁ]8”% compatibility wi T ECOXFAEI BB he or i gi nal
digital i % ; %ﬁ%%imdmlgmmlﬁfalﬂlwml sation
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error cause LD 10. In an even further enbodi n not the

reducbﬁ vmmldmghwmm@n@qwumlb yitesoromdingar vinsd lengd reguction =D -
For cRibap Bﬂ'ah&l%ﬁeﬂﬁﬂé%?seaﬁoﬁmkﬂasé Rfaktidi1gULs mERionBd Bofbde furt her

advant ages, such as requiring a reduced word | ength signal M to. be

" recor ded wpvhgaﬁthemrdedmnalmdwso%mmmp,wﬁegm%mpamod al | ows
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on a nmedi umu a redu
techniques. The present method also allows to improve the performance of e.g. compact disc

20 players by increasing the maximum dynamic range of the output signal M, while retaining
backwards compatibility.



| ower dynam c range) and to recover an output signal having again a high
dynam c range. The present nethod provides.a backwards conpatibility with
ol der recovewp oggtsipENt arranged for recovering a signal zufblbg, " €duced
word l-ength of Mbits, although some 15 signal degradati gn nmay occur caused
by the non- Ilnear mord | engt h reduction of®the first NLD~1O and the

addi tion of t noise fromthe noi se source 12. As frentioned before,
copying of t e recorded signal and associated paraneters NLDp, Np, e.g. on
a.conpact disc 13 using generally avail abl e equi pnrent may be prevented
using certain nodulation techniques. The present nethod also allows to

i nprove the performance of e.g. conpact disc 20 players by increasing the
maxi nrum dynam ¢ range of the output signal Mo while retaining. backwards
conpatibility. WD 02117318 PCTI EP01/09440 S CLAIMS: 1. Method for

reduci ng the, nunber Qifethbd for Mdudinglitenumioer oTHitE ofd digAdl it dignt QU i Sing the
steps of adding.a pseudo-random noi se signal (Na) to the digital input

si gnal NO.t GomBriing the s8Ps oft er nedi at e si gnal (DO, the pseudo-random noi se

signal (Na) being defad atﬁéeudérmoﬁﬁnomrsmt AR Eigitffutianl (M) R0  he
i nternedi at e_ si gnal g%g a word Iengt ‘of nbits to a reduced word

|l ength si gnabtamm)mtnm elogrndompnaise signalMhepingdefioed Bhan or
equal  tg Mysf g{rg]fl&%r ggdad(p that 10 the step of quantising the

i nternedl ate si rises a first transfer function which is
non-linear, the firstquantising wmedmemgbdu(aghmnwrdiynmbnfnbmaa devi ce

gﬁgﬁ{? ;g[ |Son step ora e‘%&tﬁéﬂl W‘S%Q%Wé@égﬂ%ﬁ%%%%%f%@ggﬁé% orleq‘falljdeg

is snaller than the quantlsatlon step for large anplitudes. 3. Method
according to,cla érg},'@ & which the gain of the first transfer function is
subst anti al I y equa {no one for small anplitudes and in which the gain
decreasd® for | arge 3he stepdf quantising tde intdpnbdiate signal (D) oomprises b Arstrir®ysfarn whi ch

t h e first t rfx%{] g(fme ‘r?vhl:Ic Hi iy Cﬁo'n—%ne&rqfﬁa&i%st Itrgr?s:t'er: function being defined by non-linear device

parameters (NLD;).
2. Method according to claim 1, in which the quantisation step of the first

15  transfer function for small amplitudes is smaller than the quantisation step for large
amplitudes. |
3. Method according to claim 2, in which the gain of the first transfer function is
substantially equal to one for small amplitudes and in which the gain decreases for large

20  amplitudes.
4, Method according to claim 3, in which the first transfer function equals the

function My/Dj = ¢ tanh( c;D;i+¢3),
in which M, is the reduced word len_gth signal, D; @s the interpaediate signal and ¢y, ¢,, ¢3 are
25  the non-linear device parameters (NLD,).

5. Method according to one of the proceeding claims, in which the amplitude of
the noise signal (N,) is at least equal to a predetermined noise value.

0y



function Mc/D; = cl tanh( c2D1+ ¢3 ), in which M is the reduced word
| ength signal, D1 is the internediate signal and cl, c2, c3 are 25 the

non- Ilnearw(glﬁaﬁﬁﬁ parameters (NLD.). 5. Method accor di ngciﬁwﬂfh@uﬁf th
proceedi ng clains, in which the anplltude of the noise si N. |s at

| east equal toapredetermned noi se valfie. 1111111111111 II//IIIIIIII M

S 111/1 02/ 1731 %M'g%l ‘%?ﬁg f the ’
proceedi \r?:ga cl ai s, 8M 'Eé_\éu ngi se s??a "ﬁ%m glnl qﬁggggl?%n&é%p I"ed"t o obtain
t he noi set&hglqaésatd\apphed?toquiﬂﬂldnmmml@g)to one of the proceeding clai s,
in which the reduced word 5 Iength signal (M), the non-1inear device
paraneters (NLDD) and/or the noise paraneters (Np). are recorded on a

recor di ng Zoedi um (M&o&mhﬂiﬂgﬁdomddh@ru@eﬁngcmmmm&uﬁdumdtm

Eﬁg;)r di ngérreﬁl um“#ié{ % %‘H‘%&F‘%Zﬂ]@g Wﬁﬁ‘gﬁpﬁ%{f en%t\]t} si gnal

pararTeter&dﬂo@edmmiémdmgme&ﬂms(enparaneters (Np) are recorded on a second
channel, the first channel and second channel being separate channels. 9.
Met hod according to one of the proceeding clains, corrpri sing the further

step of groviding Meﬁodwaﬁmg&osmwmwmhtwréé@mﬁgﬁe 3)ishei ng equal

(V) - 10, ShmPwor 91 HEmaueer et ehith Pepl Mol r%eifes H el B 8 o

Ilength ho s;@gm&mc@m&&ﬂ hﬂ/mmﬁs )ﬁemeﬁia&o%be Cljal s
. throug conprising the.s 0 jua t|5|n e reduced wor
“length si geeepd Eh@?efﬁ?ﬁ%%lf’%‘fg “AI g%"?ﬂﬁtgl * having n bits,

t he quantising being defined by a second transfer function and the second
transfer function being the inverse of the first, transfer functjon. 11.

Met hod ac®er di ng tcl\’fethﬁﬁ%ﬁcg@ngftﬁﬂqurth"dﬁ?ﬁ%‘i'%H@@h@‘%&@ﬂ‘gﬁe@ﬁﬁr%t| ng a

25 subt ra%rbﬁmd&@ﬁff&bﬁaaqignﬁmd&e@m agm skl 13 itk iterrhddibte é&guﬂ)r der. to
provi de the  output signal.y( M), the sub actlon noi se si gnal ) belng
subst dAt i &Dow@qahﬁw@&edn@rdm%m@% ) (Ns).
10. Method for recovering an output signal (M) from a reduced word length
signal (Me) provided by the method according to one of the clalms 1 through 8, comprising
the steps of _: : | S
20 quantising the reduced word length signal (M,) having m bits to a decoded

signal (M) having n bits, the quantising being defined by a second transfer function and the .
second transfer fanction being the inverse of the first transfer fanction.

11. Method according to claim 10, further compriSing the step of subtracting a

25  subtraction noise signal (N;) from the decoded signal (My) in order to provide the output
signal (M,,), the subtraction noise signal (N;) being substantially equal to the noise signal
No)-

12. Signal processing apparatus, comprising a pseudo-random noise generator (12)

30 for generating a noise signal (N,) being defined by noise parameters (Np), an addition
element (11) connected to the noise generator (12) for adding the noise signal (N,) to an
digital input signal (Mj) to provide an intermediate signal (Dy), and a first quantising element
(10) connected to the additibh element (11) for transforming the intermediate signal (D;)
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12. Signal processing apparatus, conprising a pseudo-random noi se generator
(12) 30 for generating a noise signal (Na). being defined by noise
paraneters (Npdy17s4@ addition elenent (11) connected to theTEPig®s@ener at or
(12) for adding the. noise signal (Na) toqél digital input signal (M) to
provide an internediate si gnal (D), and aTirst quantising elenent (10)

connected tg, ‘,;I{%eﬂl?gq a(-éLﬂMmdﬂamgﬂsﬁgmthNinghWbﬁlnu&efe
signal (D;) | NN II ||||| I|||| || WD 02117318 PCT/ EPOL/ 09440
10 having amkdisch baingjergerianbdusapa t my E%Ié‘dh%rd length signal (N e)

having a word | engt htﬁg lemént PO) Bﬁkdﬁfnﬁlﬁfeaﬁt?dnﬁfeﬁﬁmeﬁmﬂthemn-ﬂﬁnear
characterised in that t%e quanti zing el enent (10) has i onl i near transfer

function, ttansferfurctionbeing definedbpontlinear deyicepas by non-1i near
devi ce g@ramst ers (NLDP). 5 13. Signal processing apparatus according to
claim1l in which the signal processing apparatus is arranged to execute
the method #%cor di ng Signabprecessing appatatusiageording taglejmgl?, th which the sigaplyn |

decodi ng apparatus for I ced
word | ength ﬁ‘&#%‘?@% E}gow ﬁ%&%%&g%er@d pr oce%@orggoggig?%%?ﬂg
according t-thrédghiom 12 or conprising a second quantisation el enent (14)
havi ng a second transfer functi on for transformng the reduced word | ength
signal (Me) into a decoded output signal (Ma), the .15 second transfer

functi onpbeitg t he i rsigiabdecoding Bspaftusshbr tecaveshgan dwiputsignal (Mobfrogiagadiced

ot se Sour cBordlsyeh aeas) (o pYigF LRt e ekt ub Rl sebteithely SERETE or

subtracti on1s|Rfprking15), the subtraction noise si gnal (N$) being

substantially equal to the n0|se SI nal .t he 20 ubte |on | enent
(15) being arranged figecdisputts ving 4 ssRond I Eﬁ‘a f? NS) from
tlh;e ??f???du%élﬂl&lﬁilméﬁ@}edh&d%&@[engmsféhﬁNM?ﬂ&@dwd&@l&uqmtggﬁl Pihe
o 15 IIsecond traxllsfer function being the inverse of the first transfer function.

15. Signal decoding apparatus according to claim 14, further comprising a second
noise source (16) for providing a subtraction noise signal (N;) to a subtraction element (15),
the subtraction noise signal (Ns) being substantially equal to the noise signal (N,), the

20 subtraction element (15) being arranged for subtracting the subtraction noise signal (N;) from
the decoded signal (Mj) in order to provide the output signal (Mo).
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