
WO 01/58020 PCT/SG00/00015  1 METHOD AND DEVICE FOR ANALOG/DIGITAL
CONVERTING A SIGNAL INCLUDING A LOW-FREQUENCY  COMPONENT 5 BACKGROUND OF
THE INVENTION The invention relates to an analog/digital converter device
10 for analog/digital converting of at least one analog low- frequency
signal and to a method for analog/digital  converting of at least one
analog low-frequency signal. A multimedia computer generally includes a
sound card for  15 converting a captured analog speech signal, which is
input  into the computer by a user via a microphone or a line-in- jack,
into a digital signal, which digital signal may further  be processed by a
processing unit, e.g. a microprocessor. For  converting the analog signal
into a digital signal, an 20 analog/digital converter in the sound card is
provided.  However, many of the available sound cards attenuate
substantially or even cut off components of the analog signal  before the
signal is applied to the analog/digital converter 25 for being digitized.
Usually, such a sound card has a  predetermined border frequency value. The
common sound card  thus cannot usually detect and process an analog signal
with  a frequency below this predetermined border frequency value,  e.g. it
is not possible to capture and process an analog 30 signal with
direct-current (DC) signal components. An example  of the border frequency
value is a frequency of 20 Hz, i.e.  many sound cards cannot capture and
process an analog signal  in a frequency range between 0 Hz and 20 Hz. 35
Though an audio analog signal usually has a frequency which  is above that
border frequency value of e.g. 20 Hz, a problem  arises when the sound card
is intended to be used as well for WO 01/58020 PGT/SGOO/00015  2
measurement of non-audio analog signals, as an analog low- 



frequency signal having frequency components below the  predetermined
border frequency value cannot be entirely  captured by the sound card,
since only an analog high 5 frequency signal which has frequency components
only above  the predetermined border frequency value and within the
frequency range of the sound card can entirely be captured.  An "analog
low-frequency signal" in this description means a 10 signal with at least
one important frequency component below  the predetermined border frequency
value of the sound card.  "Important frequency component" in this context
means that  the capturing and processing of such a signal by the sound
card, or more generally by an analog/digital converter, would 15 result in
an output signal from which the input analog low- frequency signal cannot
be reconstructed. Accordingly, an  analog low-frequency signal can be e.g.
a DC signal or a  signal with one or more important frequency components
below the predetermined border frequency of the sound card.  20 Thus, it is
not possible to use such a sound card for  measurement of analog
low-frequency signals. US 5,987,541 discloses a computer system with a
sound card.  25 In this system, the sound card includes a modulation
interface for modulation/demodulation of a digitized speech  signal on/from
a carrier signal of a predetermined frequency.  Thus, an analog speech
signal is detected by the sound card,  converted into a digitized speech
signal and modulated on the 30 carrier signal. This is to use different
frequency channels  on a computer bus for being used by different
peripheral  devices at the same time. However, with this computer system,
if it is used in the scenario described above, measurement of  an analog
low-frequency signal is still impossible due to the 35 border frequency of
the sound card. WO 01/58020 PCT/SG00/00015  3 SUMMARY OF THE INVENTION 



Thus, it is one object of the invention to provide a method  for
analog/digital converting of at least one analog low 5 frequency signal
with an analog/digital converter which can  capture only an analog signal
with a frequency within a  frequency range above a predetermined border
frequency value.  This object is achieved with a method for analog/digital
10 converting of at least one analog low-frequency signal with  an
analog/digital converter which can capture and convert  only an analog
signal with a frequency above a predetermined  border frequency value, in
which at least one analog low- frequency signal and at least one analog
high-frequency 15 signal are provided. The analog low-frequency signal is a
signal with at least one important frequency component below  the
predetermined border frequency value according to the  above definition,
such as a non-audio low-frequency signal or  even a direct-current signal,
which is to be converted by the 20 analog/digital converter. The analog
high-frequency signal is  an analog signal having only frequency components
above the  predetermined border frequency value and within the frequency
range of the analog/digital converter. Using the analog low- frequency
signal and the analog high-frequency signal, an 25 analog intermediate
signal is generated, the analog  intermediate signal having a
characteristic analog feature  with which it is possible to reconstruct the
analog low- frequency signal from the analog intermediate signal. In a
further step, the analog intermediate signal is converted 30 into a digital
intermediate signal, i.e. the analog  intermediate signal is digitized in
the analog/digital  converter. This digitizing is done e.g. by sampling the
analog intermediate signal. The thus generated digital  intermediate signal
has a characteristic digital feature, 35 which makes it possible to
determine a digital low-frequency  signal from the digital intermediate
signal. This  characteristic digital feature simply may be the digitized
lill., 



WO 01/58020 PCT/SGOO/00015  4 characteristic analog feature. In a last
step, the desired  digital low-frequency signal is determined from the
digital  intermediate signal using the characteristic digital feature. 5 It
should be noted that the analog intermediate signal may  also have
frequency components below the predetermined border  frequency value.
However, it must have sufficient frequency  components above the
predetermined border frequency value so  that it is possible to reconstruct
the analog low-frequency 10 signal from the digitized low-frequency signal
after the  analog intermediate signal has been captured and digitized by
the analog/digital converter and the digital low-frequency  signal is
determined from the digital intermediate signal. 15 Therefore, according to
the invention it is possible to  process, i.e. also to capture and convert,
at least one  analog low-frequency signal with at least one important
frequency component below the predetermined border frequency value of the
analog/digital converter.  20 Furthermore, it is a further object of the
invention to  provide an analog/digital converter device for analog/digital
converting of at least one analog low-frequency signal, the  analog/digital
converter device being able to process an 25 analog low-frequency signal
using an analog/digital converter  which can detect only an analog signal
with a frequency above  a predetermined border frequency value, wherein the
analog  low-frequency signal has at least one important frequency
component below the predetermined border frequency value. 30 This object is
achieved with an analog/digital converter  device comprising an analog
intermediate signal generating  unit. With this analog intermediate signal
generating unit,  the at least one analog low-frequency signal is mixed
with a 35 corresponding analog high-frequency signal. 



In this context, when mixing the two signals, one may WO 01158020
PCT/SG00/00015  5  add the two signals, subtract the two signals,  multiply
the-two signals, or  convolve the two signals. 5 In general, in this
context, the mixing may be any linear or  non-linear operation, which is
processed on the two signals,  as far as this operation results in an
analog intermediate  signal which fulfills the above explained
requirements. 10 The resulting analog intermediate signal generated by the
analog intermediate signal generating unit is input to an  analog/digital
converter which has a predetermined border  frequency value, below which
the converter attenuates or cuts off frequencies of the input analog
signal. That is, the  15 input of the analog/digital converter is connected
to the  output of the analog intermediate signal generating unit.  By means
of the analog/digital converter, the analog intermediate signal is
digitized, i.e. for example sampled,  20 thereby generating a digital
intermediate signal. The digital  intermediate signal has at least one
characteristic digital  feature, with which it is possible to determine a
digital  low-frequency signal from the digital intermediate signal. 25 The
output digital intermediate signal is input to at least  one low-frequency
determination unit, an input of which is  connected to an output of the
analog/digital converter. With  the low-frequency determination unit it is
possible to  determine the digital low-frequency signal from the digital 30
intermediate signal using the characteristic digital feature.  Thus, the
desired digital low-frequency signal is generated.  The low-frequency
determination unit may be implemented as a  35 separate hardware unit.
Alternatively, the low-frequency determination unit may also be implemented
by a software  program, which may be executed by any processor e.g. of a 



WO 01/58020 PC7/SG00/00015  6 computer system, e.g. by the central
processing unit of a  computer system, which is then the low-frequency
determination unit. In other words, the determination of the  digital
low-frequency signal from the digital intermediate 5 signal does not
necessarily be performed in the sound card  itself, but may be performed in
a remote processor as well.  The characteristic analog feature may be for
example the amplitude of the analog intermediate signal and/or its 10
derivates, when using amplitude modulation of the analog low- frequency
signal and the analog high-frequency signal, the frequency of the analog
intermediate signal and/or its  derivates, when using frequency modulation
of the analog low- frequency signal and the analog high-frequency signal,
15 the phase of the analog intermediate signal and/or its  derivates, when
using phase modulation of the analog low- frequency signal and the analog
high-frequency signal,  the pulse of the analog intermediate signal and/or
its  derivates, when using pulse modulation of the analog low 20 frequency
signal and the analog high-frequency signal, or  any combination of the
characteristic analog features  described above. The characteristic digital
feature may be the digitized  25 characteristic analog feature, i.e. for
example the amplitude of the digital intermediate signal and/or its
derivates, when using amplitude modulation, the frequency of the digital
intermediate signal and/or its  derivates, when using frequency modulation,
30 the phase of the digital intermediate signal and/or its  derivates, when
using phase modulation, the pulse of the digital intermediate signal and/or
its  derivate, when using pulse modulation, or any combination of the
characteristic digital features  35 described above. 



WO 01/58020 PCT/SG00/00015  7 Thus, the characteristic feature, be it the
characteristic  analog feature or the characteristic digital feature, is
enabling the demodulation, i.e. reconstruction of the low- frequency
signal, either the analog or the digital low 5 frequency signal.
Furthermore, the invention provides for an analog  intermediate signal
generating unit for processing at least  one analog low-frequency signal
having an important frequency 10 component below a predetermined border
frequency value, the  intermediate signal generating unit generating an
analog  intermediate signal such that the analog intermediate signal  may
be captured by an analog/digital converter, which is able  to capture only
an analog signal with a frequency within a 15 frequency range above the
predetermined border frequency  value. The-analog intermediate signal
generating unit  comprises a unit for generating the analog intermediate
signal by using at least one analog high-frequency signal,  which has a
frequency above the predetermined border 20 frequency value. The
analog/digital converter device or the analog  intermediate signal
generating unit according to the  invention are preferably used in
conjunction with a sound 25 card. As described above, common sound cards
usually have the  disadvantage that they cannot be used to capture analog
non- audio signals with frequencies below the predetermined border
frequency value of the sound card. Thus, the advantage of  using the
analog/digital converter device or the analog 30 intermediate signal
generating unit according to the  invention in conjunction with such a
sound card becomes  apparent. The analog/digital converter device according
to  the invention will be called in the following "sound card  device", if
used in conjunction with a sound card. 35 



As the analog high-frequency signal, a sine wave signal  having a frequency
above the predetermined border frequency gill WO 01158020 PCT/SGOO/00015  8
value may be used.' Preferably, the sine wave signal has a  frequency of
about 5,000 Hz. it should be noted that many  sound cards can capture
analog signals in a frequency range  from 20 Hz to 20,000 Hz. Thus,
choosing a frequency of about 5 5,000 Hz as a frequency of the
high-frequency sine wave  signal leads to a good analog/digital conversion
with almost  no loss of amplitude information due to the attenuation of
the analog input signal. 10 In a further embodiment of the invention, the
analog output  of the sound card is connected to the input of the analog
intermediate signal generating unit. Thus, the sound card,  which is in
this case a full-duplex sound card, is also used  as a signal generator for
generating the analog high 15 frequency signal. Sometimes, the analog
output of the sound  card is connected to the ground potential and the
analog  input, also referred to as line-in jack, of the sound card is
connected to the ground potential as well. This may disturb  subsequent
capturing of the analog intermediate signal using 20 the line-in jack of
the sound card. To solve this problem, in  a further preferred embodiment
of the invention an isolation  unit, e.g. an isolating transformer, is
provided, the input  of which is connected to the analog output of the
sound card.  With the isolation unit, the ground potential of the analog 25
input of the sound card and the ground potential of the  analog output of
the sound card are isolated from each other.  Thus, a problem no longer
arises with subsequent capturing of  the analog intermediate signal using
the line-in jack of the  sound card. 30 The analog/digital converter device
according to the  



invention may also be provided in a video card device or a  general
multimedia card device, or just as a stand-alone  device. 35 According to a
further embodiment of the invention, a  plurality of analog low-frequency
signals, each having an WO 01/58020 PCT/SG00/00015  9 important frequency
component below the predetermined border  frequency value and a plurality
of analog high-frequency  signals, each having a frequency above the
predetermined  border frequency value, are provided. The analog
intermediate 5 signal is in this embodiment generated using the analog low-
frequency signals and the respective analog high-frequency  signals,
wherein the analog intermediate signal has  characteristic analog features
which make it possible to  determine each analog low-frequency signal out
of the 10 plurality of the analog low-frequency signals from the analog
intermediate signal. The digital intermediate signal has  characteristic
digital features which make it possible to  determine a plurality of
digital low-frequency signals from  the digital intermediate signal,
wherein the plurality of 15 digital low-frequency signals corresponds to
said plurality  of analog low-frequency signals. For generating the
plurality of analog high-frequency  signals, there may be provided one
signal generator for  20 generating all of said plurality of analog
high-frequency signals, or a plurality of signal generators each of which
generates one of said plurality of analog high-frequency  signals.
Furthermore, the number of signal generators may be  more than one but less
than the number of analog high 25 frequency signals to be generated,
wherein each signal  generator generates some of the plurality of analog
high- frequency signals. In the case of one signal generator being
provided, an output  



30 of the signal generator is connected to a frequency splitting  unit, for
example to a plurality of band-pass filters to generate the respective
plurality of high-frequency signals.  According to. the invention such a
single signal generator is  35 preferably embodied by the analog/digital
converter used for capturing and converting the analog intermediate signal,
and  further preferably by the analog/digital converter of the ~~II wo
01/58020 PCT/SGOO/00015  10 sound card if the analog/digital converter
device according  to the invention is used as a sound card device. The
analog  high-frequency signal provided at an analog output of the
analog/digital converter, in particular at an analog output 5 of the sound
card, is splitted into a plurality of analog  high-frequency signals by
said frequency splitting unit, each  of the plurality of analog
high-frequency signals having a  frequency above the predetermined border
frequency value- Each provided analog high-frequency signal has preferably
a  10 unique frequency range. Furthermore, the respective outputs of the
frequency  splitting unit, (e.g. the outputs of the said plurality of
band-pass filters) may optionally be connected to a plurality 15 of
isolation units for the above discussed purposes. in the case of providing
a plurality of signal generators  each signal generator may generate an
analog high-frequency  signal having a frequency above the predetermined
border 20 frequency value, wherein the signal generators are connected  to
an input of the analog intermediate signal generating  unit. Each signal
generator may comprise an isolation unit to  securely divide their outputs
from a common potential. 25 The analog/digital converter device is
preferrably provided  in or for a computer system. It should be noted, that
the  computer system may be a personal computer, a Macintosh  computer, a
notebook, as well as a palmpilot, etc. 



30 BRIEF DESCRIPTION OF THE DRAWING FIGURE 1 is a block diagram showing the
basic concept of the  analog/digital converting according to the preferred
35 embodiment of the invention; WO 01/58020 PCT/SG00/00015  11 FIGURE 2 is
a block diagram showing the concept of the  intermediate signal generating
unit according to a  preferred embodiment of the invention; 5 FIGURE 3 is a
block diagram showing the signal generator unit  according to a preferred
embodiment of the  invention; FIGURE 4 is a block diagram showing the
concept of the  10 digital low-frequency signal determination unit
according to a preferred embodiment of the  invention; FIGURE 5 is a block
diagram showing a computer system 15 including several components coupled
to a computer  bus according to a first preferred embodiment of the
invention; FIGURE 6 is a block diagram showing a computer system 20
including several components coupled to a computer  bus according to a
second preferred embodiment of  the invention; 25 DESCRIPTION OF THE
PREFERRED EMBODIMENT OF THE INVENTION  Preferred embodiments of this
invention and modifications  thereof will now be described in detail with
reference to the  30 accompanying drawings. 1. First preferred embodiment
of the invention  35 In Fig.5, a computer system 500 is shown. 11 WO
01/58020 PCT/SGOO/00015  12 



The computer system 500 comprises - a central processing unit (CPU) 501,  -
a random access-memory (RAM) 502, - a bus arbiter 503,  5 - a video card
504, - a hard disk drive 505,  a CD-ROM drive 506, and  a sound card device
507, all of these components being connected to a computer bus  10 508. The
sound card device 507 comprises an input 509 for  inputting an analog
signal via a microphone (not shown) or  via a sensor (not shown). 15 In
this embodiment it is further assumed that an analog  signal 510 is input
into the sound card device 507 via the  input 509, wherein the analog
signal 510 comprises signal  components with at least one important
frequency below a 20 predetermined border frequency value, and is,
therefore, an  analog low-frequency signal. In this embodiment, the
predetermined border frequency value is 20 Hz, as a further  described
common sound card 512 cannot process, i.e. capture  and convert signals
with frequency components below 20 Hz.  25 Via the input 509 of the sound
card device 507, the analog  low-frequency signal 510 is input to an analog
intermediate  signal generating unit 511. 30 As shown in Fig.2, the analog
low-frequency signal 510 is  input to the analog intermediate signal
generating unit 511,  where an analog intermediate signal 203 is generated
using  the analog low-frequency signal 510 and an analog high- frequency
signal 201. 35 WO 01/58020 PCT/SG00/00015  13 



The analog high-frequency signal 201 is an analog signal with  frequency
components only above the predetermined border  frequency value. 5 The
analog high-frequency signal 201 is generated by a signal  generator 202,
which will be described later. The analog  high-frequency signal 201
according to this first preferred  embodiment of the invention is a sine
wave signal with a  frequency of 5,000 Hz. 10 According to this embodiment
of the invention, in the analog  intermediate signal generating unit 511,
an amplitude  modulation of the analog low-frequency signal 510 and the
analog high-frequency sine wave signal 201 as a carrier 15 signal is
carried out. In case of an analog high-frequency  signal in the form of a
sine wave said amplitude modulation  can be carried out by adding the
analog low-frequency signal  and the analog high-frequency sine wave signal
and inputting  the resulting signal to a diode as a non-linear device. At
20 the output of the diode the analog intermediate signal 203 is  thus
provided. It should be noted that, as explained above, instead of using  an
amplitude modulation, any other modulation technique or 25 any linear or
non-linear transformation may be applied to  generate the analog
intermediate signal 203, e.g. - frequency modulation,  - phase modulation,
- pulse modulation, 30 - change of the amplitude, frequency, phase or pulse
of the  analog low-frequency signal, respectively, or - any combination of
the techniques described above. The output of the analog intermediate
signal generating unit  35 511 is connected to an input of a common sound
card 512, in  this embodiment a Sound Blaster, of the sound card device
507. The sound card 512 practically cuts off analog signals ~~ll 



WO 01/58020 PCT/SG00/00015  14 in a frequency range from 0 Hz to 20 Hz. The
operating range  of the sound card 512 is between 20 Hz and 20,000 Hz. In
this  embodiment, the sampling rate of the sound card 512 is 22,050  Hz and
the number of bits per sample is 16. 5 It should be noted that, due to the
linear or non-linear  transformation used, it is possible to determine,
i.e. to  reconstruct the analog low-frequency signal 510 from the  analog
intermediate signal 203 using the modulation 10 information or in general
the information about the linear or  non-linear transformation as a
characteristic analog feature.  In the sound card 512, which is, generally
speaking, an analog/digital converter, the applied analog intermediate  15
signal 203 is digitized, thereby generating a digital  intermediate signal
301 (cf. Fig.3) which is provided at a  digital output 302 of the sound
card 512. Furthermore, the  sound card 512 comprises an analog output 303,
also referred  to as a line/speaker-out jack. At this analog output 303 a
20 5,000 Hz sine wave signal 304 is provided. Through the digitization by
means of the sound card 512, no  information pertaining to the amplitude
modulation is lost.  This information makes it possible to reconstruct the
analog 25 low-fregency signal. Thus, it is also possible after
digitization to apply a demodulation to the digital  intermediate signal
301 in order to reconstruct a (now  digitized) low-frequency signal. Thus
it should be noted  that, in general, the modulation information or the 30
information about the linear or non-linear transformation  used as a
characteristic analog feature becomes after  digitization a characteristic
digital feature with which it  is possible to reconstruct a digital
low-frequency signal. 35 It should be noted, that the analog high-frequency
signal 304  provided at the analog output 303 of the sound card 512 may  



have any signal form, which can be generated by the sound WO 01/58020
PCT/SCOOro00l5  15 card 512, and does not necessarily have to be a sine
wave  signal. The sine wave signal 304 is input to an isolation unit 515  5
for the purpose of isolating the ground potential of the  line/speaker-out
jack 303 and the line-in jack of the sound  card 512. From this it should
be understood that, according  to this embodiment of the invention, the
sound card 512 also  operates as the signal generator 203 for generating
the 10 analog high-frequency signal used by the intermediate signal
generating unit 511. However,. any other kind of signal  generator 203,
which generates an analog signal with  frequency components which are all
within the frequency range  of the sound card 512 and above the
predetermined border 15 frequency value may be used in accordance with the
invention.  An output of the isolation unit 515 is connected to a further
input of the intermediate signal generating unit 511, thus  applying the
analog high-frequency signal 201 thereto. 20 The digital intermediate
signal 301 is input to a low- frequency signal determination unit 513 (see
figs. 1 and 5),  in which a digital low-frequency signal 514 is generated.
25 The low-frequency signal determination unit 513 will now be  described
in detail with reference to Fig.4. It is to be noted that the digital
intermediate signal 301 is  a converted (digital) signal. 30 The digital
low-frequency signal determination unit 513  comprises - a band-pass filter
401, which significantly attenuates  frequencies outside the frequency
range of 4,000 Hz to 6,000  35 Hz according to the present embodiment, - an
envelop extractor unit 402, which will be described  



later in detail, gill WO 01/58020 PCT/SG00/00015  16 a low-pass filter 403,
which significantly attenuates  frequency components above 150 Hz, - a
parameter computation unit 404, which will be described  later in detail,
and 5 - a shift-and-scale unit 405, which will be described later  in
detail. As can be seen from Fig.4, the digital intermediate signal  301 is
input to the band-pass filter 401. 10 The filtered digital intermediate
signal 406 which is mainly  in the frequency range between 4,000 Hz
to.6,000 Hz is input  to the envelope extractor unit 402. 15 In the
envelope extractor unit 402 the filtered digital  intermediate signal
signal 406 is processed in the following  way. Given the filtered digital
intermediate signal 406 20 x(1), ..., x(N), the output of the envelope
extractor unit  402 is a digital extractor signal 407 given by: 10
ifn=lorn=N y(n) = x(n) if 1 < n < N and x(n) > x(n - i) and x(n) > x(n + 1)
y(n - 1) otherwise The digital extractor signal 407 is input to the
low-pass  25 filter 403. A digital low-pass filtered signal z(n) 408 as the
generated  signal by the low-pass filter 403 can be written as: z(n) = A
s(n) + B  30 where A and B are constants, and s(n) is practically the same
as the digital version of the desired analog low-frequency WO 01/58020
PGT/SGOO/00015  17 



signal 510. Using the fact that z(n) = B when the analog low- frequency
signal 510 is zero, the constant B is estimated by  B1 (by the parameter
computation unit 404) according to the  following formula: 5 M  B1 = M z(n)
n=1 where M (M <<N) is such that the signal segment (z(1), ..., z(M)} does
not contain any input from the analog  low-frequency signal 510. The
estimated constant B1 409 is  10 provided to the shift-and-scale unit 405.
In the shift-and-scale unit 405, a digital low-frequency  signal sl(n) 514
is generated according to the following  formula: 15 Si (n) = (z(n) - B1)
Al  where Al is an arbitrarily chosen constant for scaling  purposes. 20 In
this embodiment, a value for the constant Al = 0.001 is  chosen. One may
obtain a good estimation for the constant A  instead of arbitrarily
choosing a value Al by using a known  input analog low-frequency signal
510. 25 By adjusting the arbitrarily chosen constant Al until the
magnitude of sl(n) becomes practically the same as that of  the known input
analog low-frequency signal 510, the value of  Al becomes a good estimation
of the constant A. 30 The basic general principal of the invention will
further be  described with reference to Fig.l. ;ill WO 01/58020
PCT/SGOO/00015  18 The analog low-frequency signal 510 is input to the
intermediate signal generating unit 511, which generates the  



analog intermediate signal 203. The sound card 512 uses the 5 analog
intermediate signal 203, which comprises frequency  components which can be
captured by the sound card 512 and  digitizes the analog intermediate
signal 203, thereby  generating the digital intermediate signal 301, which
includes the digital low-frequency signal 514 and the digital  10
high-frequency signal. The digital intermediate signal 301 is input to the
low- frequency signal determination unit 513, which generates the  desired
digital low-frequency signal 514 which constitutes a 15 digital
reconstruction of the analog low-frequency signal  510. 2. Second preferred
embodiment of the invention  20 Similar components in the first and in a
second embodiments  are denoted with similar reference numbers. 25 As can
be seen from Fig.6, according to a second preferred  embodiment of the
invention, there is provided a plurality of  n analog low-frequency signals
601, 602, 603, 604. The n analog low-frequency signals 601, 602, 603, 604
are  30 input to a corresponding number of n analog intermediate  signal
generating units 605, 606, 607, 608, respectively. The  n analog
intermediate signal generating units 605, 606, 607,  608 are similar to the
analog intermediate signal generating  unit according to the first
embodiment of the invention. 35 Furthermore, each of the n analog
intermediate signal  generating units 605, 606, 607, 608 receives an analog
high WO 01/58020 PCT/SGOO/00015  19 frequency signal out of a corresponding
plurality of n analog  high-frequency signals 609, 610, 611, 612. Similar
to the analog low-frequency signal in the first 5 embodiment, each analog
low-frequency signal 601, 602, 603,  604 has at least one important
frequency component below the  



predetermined border frequency value of the sound card 512.  Each of the
analog high-frequency signals 609, 610, 611, 612  10 has a frequency above
the predetermined border frequency value of the sound card 512, wherein
each analog high- frequency signal has a frequency in a unique frequency
range.  In other words, the first analog high-frequency signal 609 15 has
e.g. a frequency in a range between 2kHZ and 4kHZ, the  second analog
high-frequency signal 610 has a frequency in a  range between 4kHZ and
6kHZ, the third analog high-frequency  signal 611 has a frequency in a
range between 6kHZ and 8kHZ,  and the n-th analog high-frequency signal 612
has a 20 frequency in a range between 2n kHZ and (2n+2)kHZ, wherein  all of
these frequency ranges are within the frequency range  of the sound card
512. Therefore, the total number n of the analog high-frequency  25 signals
and,_accordingly, the total number n of the analog  low-frequency signals
to be processed according to the invention is limited by the total input
bandwidth of the  sound card, since the summed-up total bandwidth of the
analog  intermediate signals produced from the analog low-frequency 30
signals and the analog hight-frequency signals must be lower  than the
total input bandwidth of the sound card. The analog high-frequency signals
609, 610, 611, 612 may be  generated in different ways. 35 According to a
first alternative, which is shown in Fig.6,  the sound card 512 provides at
an analog output 303 thereof WO 01/58020 PCT/3G00/00015  20 one analog
high-frequency output signal'304 which is input  into a multiple signals
generator unit 613. The multiple  signals generator-unit 613 comprises a
signal splitting unit  614 with n band-pass filters 615 which have
filtering ranges 5 according to the frequency ranges desired for the n
analog  high-frequency signals 609, 610, 611, 612. The n band-pass  



filters 615 are connected to n isolation units 515,  respectively, which
are similar to that of the first  embodiment. The n isolation units 515 are
only needed, if the 10 analog input and the analog output of the respective
analog/digital converter, i.e. according to this embodiment  the sound card
512, share a common ground potential. At the  outputs of the n isolation
units 515, the n analog high- frequency signals 609, 610, 611, 612 are
provided. 15 The sound card 512 is controlled, via a further input 617, by
a control signal 616, which is provided by the CPU 501, so  that the needed
analog high-frequency output signal 304 is  provided by the sound card 512.
The analog high-frequency 20 output signal 304 is preferably a mixed analog
signal  comprising signal components with the needed frequencies for
generating the n high-frequency signals 609, 610, 611, 612.  According to a
second alternative, the n analog high 25 frequency signals 609, 610, 611,
612 may be provided by one  or more separate signal generator(s) (not
shown), each of  them may e.g. provide one high-frequency signal. In case
of one signal generator, the generated mixed analog  30 high-frequency
signal is input into the above described  signal splitting unit 614 with n
band-pass filters 615,  thereby producing the n analog high-frequency
signals 609,  610, 611 and 612. In case of n signal generators, each
generator provides one of the desired n analog high-frequency 35 signals
609, 610, 611, 612 directly. WO 01/58020 PCT/SGOO/00015  21 According to a
third alternative, the analog/digital  converter, e.g. the sound card 512,
may provide a plurality  of analog outputs; thereby providing a plurality
of analog  high-frequency output signals, which may directly be used to 5
generate the n high-frequency signals 609, 610, 611, 612.  Furthermore,
each analog high-frequency signal, be it  



generated by one or more separate signal generator or by the
analog/digital converter (e.g. the sound card 512), is 10 optionally input
into a separate isolation unit for the above  mentioned purposes before
applying them to the corresponding  n analog intermediate signal generating
units 605, 606, 607  and 608. 15 Furthermore, the alternatives described
above may arbitrarily  be combined with each other, thereby generating the
n analog  high-frequency signals 609, 610, 611, 612. In the same manner as
the analog intermediate signal 20 generating unit 511 according to the
first embodiment, the n  analog intermediate signal generating units 605,
606, 607,  608 generate analog intermediate signals 618, 619, 620, 621,
respectively. 25 The n analog intermediate signals 618, 619, 620, 621 are
input to a signal mixing unit 622, where the n analog  intermediate signals
618, 619, 620, 621 are mixed, e.g. by  simply summing the input n analog
intermediate signals 618,  619, 620, 621, thereby generating an analog mix
signal 623.  30 The analog mix signal 623 is input to a signal conditioning
unit 624. In the signal conditioning unit 624, the analog mix  signal 623
is processed in such a way, that the generated  analog conditioned signal
satisfies a predetermined 35 specification of the sound card 512 (e.g.
requirements on  input voltage, current and impedance). gill' WO 01/58020
PCT/SGOO/00015  22 The signal conditioning unit 624 is, however, optional.
it is  not necessary, if e.g. the above requirements can be  satisfied by
choosing suitable analog high-frequency signals  and suitable components in
the n analog intermediate signal 5 generating units 605, 606, 607, 608,
thereby making sure,  that the generated analog mix signal 623 satisfies
the  



predetermined specification of the sound card 512. The generated analog
conditioned signal is input into the  10 sound card 512 via its analog
input. in this context, it should be noted, that e.g. in case that  the
analog/digital converter is used in a video card, the  conditioning should
be done in an explicit way by the signal 15 conditioning unit 624 such that
the n analog intermediate  signals 618, 619, 620, 621 will be processed in
such a way  that the resulting analog conditioned signal satisfies the
specification of the respective video encoding standard. 20 Furthermore, it
should be understood, that a signal  conditioning unit 624 may also be
provided in the sound card  device according to the first embodiment of the
present  invention. 25 According to the second embodiment, the
low-frequency signal  determination unit comprises n low-frequency signal
determination units as described in respect to the first  embodiment. The n
low-frequency signal determination units  are formed such that they
determine the n corresponding 30 digital low-frequency signals 625, 626,
627, 628, which are  desired. The n digital low-frequency signals 625, 626,
627,  628 are applied to the computer bus 508. 35 3. Third preferred
embodiment of the invention WO 01/58020 PCT/SGOO/00015  23 According to a
third embodiment of the invention (not shown),  the sound card may provide
a plurality of k analog inputs. In  this case, the n analog intermediate
signals generated by the  n analog intermediate signal generating units may
be 5 processed into a plurality of k analog mix signals, or, if a  signal
conditioning unit is used, into a plurality of k  analog conditioned
signals, which are input into the k analog  inputs of the sound card. If
the number k of analog inputs of  the sound card 512 is equal to the number
n of the analog 10 intermediate signal generating units, each analog input
of  



the sound card may be connected directly, i.e. without an  interconnected
signal mixing unit, to the output of one  analog intermediate signal
generating unit respectively.  Thus, one analog intermediate signal is
input into one analog 15 input of the sound card 512, respectively.
Furthermore, it is to be mentioned that also in this third  preferred
embodiment of the invention the n analog  intermediate signals may
optionally be connected to a 20 plurality of isolation units for the above
discussed  purposes. Furthermore, k signal conditioning units may be
provided  between the respective analog intermediate signal generating  25
units and the analog inputs of the sound card. WO 01/58020 PCT/SG00/00015
24  What is claimed is: 1. A method for analog/digital converting of at
least one 5 analog low-frequency signal with an analog/digital converter
which can capture only an analog signal with a frequency  above a
predetermined border frequency value, wherein at least one analog
low-frequency signal, which has at least  one frequency component below the
predetermined border 10 frequency value is provided, said at least one
frequency  component being such that the analog low-frequency signal,  when
converted by said analog/digital converter without said  frequency
component, cannot be reconstructed from a  corresponding output signal of
the analog/digital converter, 15 at least one analog high-frequency signal,
which has a  frequency above the predetermined border frequency value, is
provided, an analog intermediate signal is generated using the analog
low-frequency signal and the analog high-frequency signal, 20 the analog
intermediate signal having a characteristic analog  feature which makes it
possible to determine the analog low- frequency signal from the analog
intermediate signal, 



the analog intermediate signal is input into the  analog/digital converter,
25 the analog intermediate signal is converted into a digital  signal
thereby generating a digital intermediate signal, the  digital intermediate
signal having a characteristic digital  feature which makes it possible to
determine a digital low- frequency signal from the digital intermediate
signal, and 30 the digital low-frequency signal is determined from the
digital intermediate signal using the characteristic digital  feature. 2. A
method for analog/digital converting of at least one  35 analog
low-frequency signal according to claim 1, wherein the step of generating
the analog intermediate signal  comprises a linear or non-linear operation
being processed on  lllllll~111111 L III11Illlllll S 111 WO 01/58020
PCT/SGOO/00015  25 the analog low-frequency signal and the analog
high-frequency  signal. 3. A method for analog/digital converting of at
least one  5 analog low-frequency signal according to claim 2, wherein the
linear or non-linear operation comprises one of  the following steps:
adding the analog low-frequency signal to the analog high- frequency
signal, 10 - subtracting the analog low-frequency signal from the analog
high-frequency signal, - multiplying the analog low-frequency signal with
the analog  high-frequency signal, - convolving the analog low-frequency
signal with the analog  15 high-frequency signal. 4. A method for
analog/digital converting of at least one  analog low-frequency signal
according to claim 1, 



wherein the characteristic digital feature is at least one of  20 the
following features: - the amplitude of the digital intermediate signal,  -
the frequency of the digital intermediate signal,  - the phase of the
digital intermediate signal, - the pulse of the digital intermediate
signal, 25 - a change of the amplitude of the digital intermediate  signal,
a change of the frequency of the digital intermediate  signal, - a change
of the phase of the digital intermediate signal.  30 - a change of the
pulse of the digital intermediate signal.  5. A method for analog/digital
converting of at least one  analog low-frequency signal according to claim
1, wherein the analog high-frequency signal is a sine wave  35 signal. ____
- --- II II IIII S  II*~~ ----- - ----------------------- WO 01/58020
PCT/SGOO/00015  26  6. A method for analog/digital converting of at least
one  analog low-frequency signal according to claim 5, wherein the analog
high-frequency signal has a frequency of  about 5000 Hz. 5 7. A method for
analog/digital converting of at least one  analog low-frequency signal
according to claim 1, wherein the analog/digital converter is used in
conjunction  with a sound card. 10 8. A method for analog/digital
converting of at least one  analog low-frequency signal according to claim
7, wherein at least one analog output signal of the sound card  



is used as the at least one analog high-frequency signal.  15 9. A method
for analog/digital converting of at least one  analog low-frequency signal
according to claim 7, wherein an analog output signal of the sound card is
transformed into  an isolated output signal of the sound card in order to
20 isolate the ground potential of the output of the sound card,  and the
isolated output signal of the sound card is used as the  high-frequency
signal. 25 10. A method for analog/digital converting of an analog low-
frequency signal according to claim 1, wherein  a plurality of analog
low-frequency signals is provided,  a plurality of analog high-frequency
signals is provided, 30 the analog intermediate signal is generated using
the analog  low-frequency signals and the analog high-frequency signals,
wherein the analog intermediate signal has characteristic  analog features
which make it possible to determine each  analog low-frequency signal out
of the plurality of the 35 analog low-frequency signals from the analog
intermediate  signal, III111111 _ _ S *'~ WO 01/58020 PGT/SG00/00015  27
the digital intermediate signal has characteristic digital  features which
make it possible to determine a plurality of  digital low-frequency signals
from the digital intermediate  signal, and 5 the digital low-frequency
signals out of the plurality of the  digital low-frequency signals are
determined from the digital  intermediate signal using the characteristic
digital features.  10 11. A method for analog/digital converting of an
analog low- 



frequency signal. according to claim 10, wherein each analog high-frequency
signal has a unique  frequency range. 15 12. A method for analog/digital
converting of an analog low- frequency signal according to claim 11,
wherein the analog/digital converter is used in conjunction with a  sound
card, and an analog output signal of the sound card is splitted into a  20
plurality of output signals, each output signal having a  respective unique
frequency range, said plurality of output  signals being used as the analog
high-frequency signals. 13. A method for analog/digital converting of an
analog low- 25 frequency signal according to claim 12, wherein the sound
card is controlled by a processor of a  computer in order to generate the
analog output signal of the  sound card. 30 14. An analog/digital converter
device for analog/digital  converting of at least one analog low-frequency
signal,  comprising an analog intermediate signal generating unit for
generating  an analog intermediate signal using 35 the analog low-frequency
signal, which has at least one  frequency component below a predetermined
border frequency  value, IIIIIIIIIIIIIIiIII  11111L " S I WO 01/58020
PCT/SG00/00015  28 and at least one analog high-frequency signal, which has
a  frequency above the predetermined border frequency value,  wherein the
generated analog intermediate signal has a characteristic analog feature
which makes it possible to  5 determine the analog low-frequency signal
from the analog  intermediate signal, 



an analog/digital converter for converting an analog signal  into a digital
signal, which is connected to an output of the  analog intermediate signal
generating unit so that the analog 10 intermediate signal is input into the
analog/digital  converter so that a digital intermediate signal is
generated,  wherein the analog/digital converter is able to capture only
an analog signal with a frequency above the predetermined  border frequency
value, and the digital intermediate signal 15 has a characteristic digital
feature which makes it possible  to determine a digital low-frequency
signal from the digital  intermediate signal, a low-frequency determination
unit for determining the  digital low-frequency signal from the digital
intermediate  20 signal using the characteristic digital feature, the low
frequency determination unit being connected to an output of  the
analog/digital converter. 15. An analog/digital converter device according
to claim 14,  25 wherein the analog intermediate signal generating unit
comprises means for processing a linear or non-linear  operation on the
analog low-frequency signal and the analog  high-frequency signal. 30 16.
An analog/digital converter device according to claim 15,  wherein the
analog intermediate signal generating unit  comprises means for processing
one of the following  operations: - adding the analog low-frequency signal
to the analog high- 35 frequency signal, - subtracting the analog
low-frequency signal from the analog  high-frequency signal, llkI II I!II
111111111111111111 C L 5 * WO 01/58020 PCT/SG00/00015  29 multiplying the
analog low-frequency signal with the analog  



high-frequency signal, - convolving the analog low-frequency signal with
the analog  high-frequency signal. 5 17. An analog/digital converter device
according to claim 14,  wherein the analog/digital converter is formed such
that the  characteristic digital feature of the generated digital
intermediate signal is at least one of the following 10 features: - the
amplitude of the digital intermediate signal,  - the frequency of the
digital intermediate signal,  - the phase of the digital intermediate
signal, - a change of the amplitude of the digital intermediate  15 signal,
- a change of the frequency of the digital intermediate  signal, - a change
of the phase of the digital intermediate signal.  20 18. An analog/digital
converter device according to claim 14,  further comprising at least one
signal generator for  generating said analog high-frequency signal. 19. An
analog/digital converter device according to claim 18,  25 wherein the
signal generator generates a sine wave signal  with a frequency of about
5000 Hz. 20. An analog/digital converter device according to claim 14,
wherein 30 the analog intermediate signal generating unit for generating
an analog intermediate signal uses a plurality of analog low-frequency
signals, and  a plurality of analog high-frequency signal, wherein the
generated analog intermediate signal has 35 characteristic analog features
which make it possible to  determine the analog low-frequency signals from
the analog  intermediate signal, __-..__. lllllllllllllll  M lllllllllll 



WO 01/58020 PCT/SG00/00015  30 the analog/digital converter is formed in
such a manner that  the generated digital intermediate signal has
characteristic  digital features which make it possible to determine
digital  low-frequency signals from the digital intermediate signal, 5 the
analog/digital converter device further comprises a  plurality of signal
generators for generating said plurality  of analog high-frequency signals,
the signal generators being  connected to an input of the analog
intermediate signal generating unit.  10 21. An analog/digital converter
device according to claim 14,  wherein the analog intermediate signal
generating unit for generating  an analog intermediate signal uses 15 a
plurality of analog low-frequency signals, and  a plurality of analog
high-frequency signal, wherein the generated analog intermediate signal has
characteristic analog features which make it possible to  determine the
analog low-frequency signals from the analog  20 intermediate signal, the
analog/digital converter is formed in such a manner that  the generated
digital intermediate signal has characteristic  digital features which make
it possible to determine digital  low-frequency signals from the digital
intermediate signal,  25 the analog/digital converter device further
comprises a signal generator for generating a high-frequency signal, and  a
frequency splitting unit for splitting the high-frequency  signal into said
plurality of high-frequency signals, thereby  generating said plurality of
analog high-frequency signals.  30 22. A sound card device with an
analog/digital converter  device according to claim 14, wherein the
analog/digital  converter is a sound card. 



35 23. A sound card device according to claim 22, wherein an analog output
of the sound card, at which an  analog output signal is provided, is
connected to the input  I IIIIIII 111111 IIIII IIIII II IIII * C L M S WO
01/58020 PCT/SGOO/00015  31 of the intermediate signal generating unit, the
analog output  signal is used as said analog high-frequency signal. 24. A
sound card device according to claim 22,  5 wherein an analog output of the
sound card, at which an analog output  signal is provided, is connected to
the input of an isolation  unit for generating an isolated output signal in
order to isolate the ground potential of the output of the sound card,  10
and the output of the isolation unit is connected to the input of  the
intermediate signal generating unit, the isolated analog  output signal is
used as the analog high-frequency signal. 15 25. A sound card device
according to claim 22, wherein an analog output of the sound card, at which
an  analog output signal is provided, is connected to an input of  a
frequency splitting unit for splitting the analog output  signal into a
plurality of analog output signals used as said 20 plurality of analog
high-frequency signals. 26. A computer system including a sound card device
according  to claim 22. 25 27. A computer system including a sound card
device according  to claim 26, wherein a processor of the computer system
is  connected to the sound card in order to control the sound  card in such
a manner that the analog output signal of the  sound card is provided. 30
28. An analog intermediate signal generating unit to be  connected to an
analog/digital converter which can capture  



and convert only an analog signal with a frequency above a  predetermined
border frequency value of said analog/digital 35 converter, said analog
intermediate signal generating unit  being provided for processing an
analog low-frequency signal  which has at least one frequency component
below the IIIIIII IIIIII VIII VIII II IIII C L M S WO 01/58020
PCT/SG00/00015  32 predetermined border frequency value, said low frequency
component being such that the analog low-frequency signal,  when captured
and.converted by said analog/digital converter  without said frequency
component, cannot be reconstructed 5 from an output signal of the
analog/digital converter,  said analog intermediate signal generating unit
comprising - an input for said analog low-frequency signal,  - an input for
an analog high-frequency signal  10, which has a frequency above the
predetermined border  frequency value, - a processing unit for carrying out
a linear or non  linear operation on the analog low-frequency signal and
the  analog high-frequency signal, and 15 - an output for providing an
analog intermediate signal  which is produced by said opearation and which
has sufficient  frequency components above the predetermined border
frequency  value so that it is possible to reconstruct the analog low-
frequency signal from a digital output signal of the 20 analog/digital
converter resulted from the capturing and  converting said analog
intermediate signal by said  analog/digital converter. 29. A sound card
device with an analog intermediate signal  25 generating unit according to
claim 28, wherein the  analog/digital converter is a sound card. 30. A
sound card device according to claim 29, 



wherein an analog output of the sound card, at which an 30 analog output
signal is provided, is connected to the input  of the intermediate signal
generating unit, the analog output  signal is used as said analog
high-frequency signal. 31. A sound card device according to claim 29,  35
wherein an analog output of the sound card, at which an analog  output
signal is provided, is connected to the input of an  IIIIIII 111111 IlIJI
IIIII II I!II s WO 01/58020 PCT/SGOO/00015  33 isolation unit for
generating an isolated output signal in  order to isolate the ground
potential of the output of the  sound card, and the output of the isolation
unit is connected to the  5 input of the intermediate signal generating
unit, the  isolated analog output signal being used as said analog high-
frequency signal. 32. A computer system including a sound card device
according  10 to claim 29. 11111111111111oiiiIIIIIII1ff M S a 


