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A/D and D/A convertors based on sigma-delta
modulators have become very common recently. In a sigma-
delta A/D convertor, a conversion of an analog signal

25 into a baseband digital signal occurs at two stages. At
the first stage, an input signal is converted by a sigma-
delta modulator into an oversampled single-bit or
multibit signal. At the second stage, this oversampled
single-bit or multibit signal is decimated to the

30 baseband by using digital filtering. Sigma-delta tech-
nique and converters are described for instance in the
following articles:

[1] "An Overview of Sigma-Delta Converters",
P.M. Aziz et al, IEEE Signal Processing Magazine, January

35 1996, pages 61 to 84.

[2] "Oversampling Delta-sigma Data Converters:
Theory, Design and Simulation®", J.C. Candy et al, IEEE
Press NJ 1992, pages 1 to 25.
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Modul ation”. B.P. Agrawal et al, |EEE Transactions on Cbnnunlcatlons
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possible to change the resolution at signal frequencies
for over-sampling rate. As known, the noise processing

20 performance of the sigma-delta modulator depends on the
order of the modulator, and higher-order modulators
remove quantization noise more efficiently from the
signal band. By increasing the oversample ratio, the
signal band can also be made narrower, in proportion, and

25 the amount of the noise falling on the signal band
smaller. Moreover, the amount of noise in the signal
band in a sigma-delta modulator can be controlled by the
transfer function of the modulator, e.g. by inserting
zeroes at suitable frequencies in the transfer function

30 of the modulator.

Solutions for implementing a limited number of
signal processing operations by using PDM signals have
been presented in the literature lately. The known
advantages of digital signal processing are then

35 achieved, such as accuracy, repeatability, unsensitivity
to interference, and so on. When a signal is processed
directly in an oversampled PDM format, it needs not be
converted into a pulse code modulated (PCM) signal at the
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An important form of signal processing is

20 control of signal level: amplification and/or attenua-
tion. This property is very usable especially for audio
applications, such as the above-mentioned audio mixing
board. Accordingly, it would be preferable, if a PDM
signal level also could be controlled. Figure 1 of the

25 above article [4] shows a sigma-delta attenuator, in
which an oversampled 1-bit signal (PDM) is multiplied by
a multibit coefficient al and the resulting multibit
signal is applied to a digital sigma-delta modulator
outputting a 1-bit PDM signal. The multiplier of the 1-

30 bit PDM signal is implemented as a 2-input multiplexor
(selector) selecting al or -al as an output according to
the state of the incoming PDM signal. The article also
describes a digital sigma-delta filter suitable for this
purpose. The attenuator is possible to implement when

35 said multibit coefficient is lower than one. The feed-
back value of the sigma-delta modulator being b and said
coefficient being a, an attenuation ratio a/b is ob-
tained.
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are achi eved dlygrsal in such a circuit would require an ingoing signal

to be multiplied by a number higher than the feedback
value. Even if the input level of an A/D wodulator were
very low and it could, in principle, be amplified quite

20 much by setting the input signal values (a) higher than
the feedback value (b), the resulting PDM signal would
have only +1 and -1 values (single-bit case). By multi-
plying, the modulator would momentarily obtain too high
values. The density and energy of the PDM signal would

25 still be low on an average, but instantaneous values
would make the modulator quickly unstable.

BRIEF DESCRIPTION OF THE INVENTION
An object of the invention is a signal process-
30 ing method and device, enabling also a relative amplifi-
cation of a PDM signal, without the noise level increas-
ing remarkably.
The objects of the invention are achieved by a
signal processing method comprising the steps of generat-
35 ing an N-bit pulse density modulated signal by a first
sigma-delta modulator, where N=1, 2, ...; controlling the
level of the pulse density modulated signal a) by multi-
plying the N-bit pulse density modulated signal by a
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modulated signal. The system is according to the inven-
20 tion characterized in that said digital sigma-delta
modulator has a better signal-to-noise ratio performance
than said first sigma-delta modulator.

A single-bit pulse density modulated PDM signal
is generated by the first sigma-delta modulator being an

25 analog modulator, for instance. The level control is
performed by multiplying the single-bit PDM signal by a
multibit coefficient, so that a multibit stream of
numbers is obtained. The number stream is reconverted
into a single-bit PDM signal by a second sigma-delta

30 modulator, preferably being a digital modulator.

In accordance with the basic idea of the
invention, the signal-to-noise ratio performance of said
second sigma-delta modulator, by which the multibit
stream of numbers is reconverted into a PDM signal, is

35 better than that of said first sigma-delta modulator.
Accordingly, the most significant factor of the total
signal-to-noise ratio (SNR) is the noise level of the
first sigma-delta modulator, by which the PDM signal
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si gnal being etmeen + 20 el ng between 20
and 110 dB, ahBeppates the signal, the attenuation may be less than

said difference between the performances (20 dB in the

20 above example), whereby a relative amplification is
achieved. When the PDM signal is attenuated less than
said difference between the SNR performances of the two
modulators, the same total signal-to-noise ratio is
obtained as by the preceding analog modulator. In the

25 example case, the nominal level of the signal can be
fixed to a point where the first modulator gives an
unattenuated signal and the second modulator attenuates
the signal by 20 dB. The second-order attenuation may be
C. In the example case, the total signal-to-noise ratio

30 will then be 90 dB, the signal being between +20 - 0 dB
and 90 + 20 - (¢}, ¢ being between 20 and 110 dB, and the
attenuation of the system thus between 0 and 90 dB.

BRIEF DESCRIPTION OF THE DRAWINGS
35 The invention will now be described in more
detail by way of preferred embodiments, with reference to

the attached drawings, in which
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controller 3. DM | evel controller 3 according to a
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instance, any 51gma delta A/D modulator structure de-
scribed in the article [1]. Let us assume that the
modulator 2 is a third-order sigma-delta modulator having
a signal-to-noise ratio of about 100dB. A single-bit PDM

20 signal, which may obtain the values +1 and -1, is applied
to a PDM level controller 3.

The PDM level controller 3 according to a
preferred embodiment of the invention comprises a digital
modulator 4 and a preceding multiplier 300. Level

25 control is performed by multiplying the single-bit pulse
density modulated (PDM) signal by a multibit coefficient
a in the multiplier 300 in order to obtain a multibit
number stream, which is reconverted into a single-bit PDM
signal by means of a digital sigma-delta modulator 4.

30 In the case of single-bit PDM signal, the
multiplier 300 can be implemented by a simple multiplexor
or selector, generating an output +a or -~a depending on
whether the input wvalue is +1 or -1. The output of the
multiplier 300 is thus a multibit number stream consist-

35 ing of the numbers +a and -a. The multiplier 300 may
have a structure similar to the one disclosed in the
article [4]. The multiplier may have one fixed coeffi-
cient or the value of the coefficient may be adjustable.
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The digital modulator 4 is a fourth-order

modulator, comprising summers 400 to 403, integrators 404
to 407, a gquantizer 408 and feedbacks 409 to 412, having
the feedback coefficients rl to r4, respectively. It is
to be noted that a detailed implementation and structure
of the modulator 4 is of no significance for the inven-
tion. Only the fact that the performance of the modula-
tor 4 is better than that of the modulator 2 is of
significance for the invention, as will be described
below. The input of the modulator 4 is said number
stream congisting of the numbers +a and -a. The output 5
of the modulator 4 is a 1-bit oversampled PDM signal.

The level of the PDM signal is controlled in the level
controller 3 at the ratio a/rl. On account of the
unstable nature of the sigma-delta modulator, the input
value of the modulator 4 cannot approach the internal
reference voltage value of the modulator, which means
that the coefficient a shall be lower than the feedback
coefficient rl. Therefore, the PDM signal can only be
attenuated in the multiplier 300.

At the system level, i.e. between the input 1
and the output 5, amplification can be provided, however,
when the performance of the digital sigma-delta modulator
is higher than that of the modulator 2, as to the noise
processing performance. The noise processing performance
of the modulator 4 may be higher thanks to higher order,
multibit quantization and feedback or higher oversampling
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20 signal without practically any decrease in the signal-to-
noise ratio at all. This is possible, because in addi-
tion to the noise of a payload signal, alsoc the noise of
the PDM signal is attenuated. The signal has thus been
scaled to a slightly lower level without any decrease in

25 the performance. Though the PDM signal is attenuated
also in the modulator 4, it is possible to attenuate the
signal in the level controller 3 less than said differ-
ence between the performances of the modulators 2 and 4
and to achieve a relative amplification.

30 Let us examine the operation of the level
controller according to the invention by way of example
with reference to the graph of Figure 3. Assuming that
the analog modulator 2 is a third-order modulator, the
signal-to-noise ratio of which is about 100 dB. The

35 modulator 4 is a fourth-order digital modulator, the
signal-to-noise ratio of which is about 120 4B, i.e.
about 20 dB better than that of the modulator 2. The
desired control range is +12 dB...-34,5 dB by 1.5 dB
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attenuation, the noise of the very input signal is

20 attenuated below a noise floor 22 of the modulator 4, the
attenuated payload signal 25 and the noise floor 22
determining the signal-to-noise ratio at the output 5.

The invention is described above in conjunction
with a 1-bit PDM signal. The invention can, however, be

25 applied directly to a multibit, e.g. 2-bit to 4-bit, PDM
signal as well.

The preferred embodiment of the invention
described in Figure 1 shows the analog modulator 2, the
multiplier 300 and the digital modulator 4 sequentially

30 connected. In practice, these units may be located apart
from each other in the signal processing system in such a
way that there are other signal processing stages between
them. An example of such a signal processing system is
shown in Figure 3.

35 Figure 3 shows three analog input signals 31,
32 and 33, which are applied to respective analog sigma-
delta modulators 34, 35 and 36. The modulators 34, 35
and 36 generate PDM signals 37, 38 and 39, respectively,
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att enuat ed payl oad signal 25 and the noise floor 22 determ ning the
signal -to-noise ratio at the output 5. The invention is
descri bed ®9%20004 conj uncti on with a 1-bit PDM si gnal . PORRISPSIVAI#R | on.
can, however, be 25 applied directly4az2aqwultibit, e.g. 2-bit to 4-bit,
PDM signal as well. The preferred enbodi nent of the

i nvention described in Figure 1 shows the anal og nodul ator 2, the

nmul tiplier 300hidfl BFe @rPpliad fsdonsitoiple et Al 14l 1303022, Teanected.

In practice, theagyuni tihd:1R8 J10Ld@Padt and 42 ffOMRLREE ghleipip the
si gnal procesmg}gegystem in suc hat there are other signal
e

h a way t
processi ng stay SRE&ERmS 43, Afo ANz ox FRARE LRI aVRigRapTe
processi ng systeneds in a sustr@sn 461 o gU I iB number streaki guce 3
shows three apgalog.i t ,$) gnal s . a 3.. which, are applied to
respecti \%e angﬁgggéﬁgl%g- 47 43 c(?é%':t]éartrreo%unl%ﬁ%rasr%:ﬁ %Jsgvgén% %g.}g}fhg
nmodul at ors 34digdtal sigmed 336 tgemactlaRDM siGralmo@rlatgsrandé 380 36

respectively, may have a MR IPURWPWU milar to that of the modulator 2
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appli ed to mutR FEEEFe 40, FpeyffmrstyxsRfc-the multipliers A0 bPt £l iers
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di gi tal signattel medwdddicat ¢ irnTiEgwoullat orfdst Jppli@ecion ofrayhéave a
structure sinklk 0 hlRde o r o= ;
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si gnal ocessi ng_apparatu t.he type shawn in Fi e 3 iiS_an audio
g Boara. SoRL-RAPRR Lo difa i W Gadha dlie eryctidefayel 18
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filter structures.
It is obvious to one skilled in the art that,

with the technique developing, the basic idea of the

20 invention can be implemented in many different ways.
Accordingly, the invention and its embodiments are not
restricted to the above examples, but they may vary
within the scope of the claims.
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many different mays y, the invention and its_enbodi nents
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13 d ai ns 1. A signal prccessing
met hod conprising the steps of generating an N-bit pul se

density nodul ated 5 signal by a fifs8i%Pgna-delta nodul ator, where
N=1, 2, controlling the I evel of the pulse density

nndulated signal b pul se
density £\ Lﬁ %l 6%%?5%1n% ggglggﬁ§%§53k§gg% %ﬁ%nnﬁ of 10
which is an M b| t si gnaeneypeieg VN, N- blt pulse denSltY modv)lat‘})ﬁcbonvertl ng
the Mbjt signahal %}o é‘nflrst s&gthatdé’yhaemganiawrmwe&teeqw gnal, by a

digital signma- ng ul at or Earagterlzgfa I n_t hat
the Mbit signal is coﬁ?%??% LiRgothRel e Pitse f&rSitty nodul at ed
signal by theodiDated signa: del ta nodul at or haV| ng a better

signal-to-noise ratio rfor ce,t han
nodul at or . 20 2. A ne?ﬁ a%gggaPﬁgng gﬁglﬂf Rﬁ%%ﬁ(ﬁ%%ﬁ§¥yrlthat
the | evel comdwlatse@psmallbmahlrytul;bm"pntswlthplseep &the output of

providigg a ‘fﬂaglyg QHWaJaﬁiEaéiQHan {AerBUMSR, density nodul at ed
signal by multiplying sal
) by convertlng the M-bit signal into an
N-bit pulse density modulated signal by a digital sigma-
delta modulator characterized in that
the M-bit signal is converted into the N-
15 bit pulse density modulated signal by the digital sigma-
delta modulator having a better signal-to-noise ratio

performance than said first sigma-delta modulator.

20 2. A method according to claim 1, characterized in that
the level control step additionally comprises the step of
providing a relative amplification of the pulse
density modulated signal by multiplying said N-bit pulse.
density modulated signal by a coefficient corresponding
25 to an attenuation less than said difference between the
performances.

3. A method according to claim 1 or 2, characterized in
30 that a digital sigma-delta modulator is used, the noise
processing performance of which is better than that of
the first modulator thanks to one or several following
factors: higher order, multibit quantization, multibit
feedback, higher oversampling ratio.
35

e o

| mf? HAS BEEN!
R 0 ) LaceD



density nodul ated signal by a coefficient corresponding 25 to an

attenuation | ess tlhiafhetss BeandReplackd er ence bet ween t he perfornances.

3. A nethod accordi or 2, characterized in 30 that a
digital swoesoded t used, the noise pr OCBSBAUSER/17743 -
performance of which 1s better than thatagof the first nodul ator
according to one or several follow ng factors: higher order, nultibit
guanti zation, nultibit f eedback, higher oversanpling ratio.
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modulated signal, characterized in that
said digital sigma-delta modulator (4) has
a better signal-to-noise ratioc performance than said
first sigma-delta modulator (2).
15

5. A system according to claim 4, characterized in that
the level controlling means (3) has a relative
amplification, when the coefficient of the multibit

20 multiplier (300) corresponds to an attenuation lower than
said difference between the performances.

6. A system according to claim 4 or 5, characterized in
25 that the noise processing performance of said digital
sigma-delta modulator (4) is better than that of the
first modulator (2) thanks to one or several following
factors: higher order, multibit quantization, multibit
feedback, higher oversampling ratio.
30

7. A system according to any of the claims 4 to 6,
characterized in that the first modulator (2} is an
analog sigma-delta modulator.

35
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6. A systemaccording to claim4 or 5, characterized in 25 that the

noi se processing performance of said digital si gma- del ta nodul at or
(4) is better than that of the first nodulator (2) accordin
factors: WOMBPOUYrder, nultibit quantization, nultibit 30 PCFUSMFIMR .
hi gher oversanpling ratio. 7. AlBystem according to any of the
clains 4 to 6, characterized in that the first nodulator (2) is an
anal og sigma-delta nodul ator. _, WO %9/ 000

PCT/ US98/ 177213 A system according to any of t

e_gsaims 4 to g, A system
accordi ng t chanactetiheed| s nshdtt bhé, system dbaradigitzadd fiiltidiatofl he

system i @ liad Ahelblifinohuratea BYLAGIASHEN TRTULAGY $00Ae, Such

as an IR o em according to any of

the claims Z£ikEsr. characterized in that the systemis an audio
systemg 10 10. A system according to any of the clains 4 to 9,
characterized in that the coefficient value of the mul tiplier (300)

is stepw se adj ustabl e. :
9. A system according to any of the claims 4 to 8,

characterized in that the system is an audio system.

10
10. A system according to any of the claims 4 to 9,
characterized in that the coefficient value of the
multiplier (300) is stepwise adjustable.
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