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Description

FIELD OF THE INVENTION

[0001] The invention relates to the field of light atten-
uation measurements, and especially to a method of and
a device for monitoring a vital parameter of a patient by
measuring attenuation of light emitted onto tissue of the
patient

BACKGROUND OF THE INVENTION

[0002] The measurement of light absorption and/or
scattering when propagating through or reflecting from a
certain medium forms the basis of a number of optical
spectroscopic methods widely applied in various medical
domains, such as patient monitoring. An illustrative ex-
ample is transmissive pulse oximetry.
[0003] Pulse oximetry is an optical method for non-
invasive monitoring of arterial oxygen saturation of a pa-
tient and has become one of the most commonly used
technologies in clinical practice. The protein haemoglob-
in (Hb) binds oxygen in the red blood cells for transport
through the body, and has the property of changing from
dark red to bright red in colour when oxygenated. By emit-
ting and detecting light at two or more wavelengths, pulse
oximeters determine the light absorbance in a peripheral
vascular bed to arrive at an indirect estimate of oxygen
saturation, i.e. the concentration fraction of oxyhaemo-
globin (HbO2). Pulse oximeters rely on the changes in
arterial blood volume caused by cardiac contraction and
relaxation to determine the amount of light absorbed by
pulsating arterial blood alone, thereby largely factoring
out the contributions of tissue and venous blood.
[0004] In many applications, including oximetry, simul-
taneous or quasi-simultaneous attenuation measure-
ments of an optical path at different wavelengths, i.e. of
different colours, are required. To that end, typically mul-
tiple light sources are utilized which are generally com-
bined with a single photo-detector. In order to be able to
distinguish between the signals from each of the emitters
at the photo-detector, in general, electrical multiplexing
methods are employed, such as time division multiplex-
ing (TDM), frequency division multiplexing (FDM), or
code division multiplexing (CDM).
[0005] In the medical practice, light attenuation meas-
urements applied in e.g. patient monitoring suffer from
electromagnetic interference. Typically such interfer-
ence consists of ambient light at various optical wave-
lengths and with different modulation frequencies. Com-
mon examples include natural daylight, which is typically
not modulated, as well as artificial light from incandescent
lamps, which is modulated at the double mains frequency
(100 Hz or 120 Hz) and 50 Hz or 60 Hz harmonics, and
from fluorescent lamps with flicker rates ranging from
tens to hundreds of kilohertz depending on the specific
electronic ballast.
[0006] Generally, in spectrometric devices measures

are taken to mitigate the effect of external interference
on the measurements. For example in pulse oximeters,
the light sources are modulated such that at the photo-
detector the emitted light can be distinguished from am-
bient light by filtering or demodulation. Regardless of the
modulation techniques applied, conventional methods
rely on knowledge of the spectral modulation of the en-
vironmental light and assume that the light source mod-
ulation frequency or band that is used can remain fixed
for the lifetime of the device. However, if the ambient light
modulation spectrum is only partly or not known a priori,
such as is the case when the spectrometric device op-
erates in the vicinity of light communication systems, then
interference may be present in the modulation spectrum
of the detected light at the device operation frequency.
Similarly, new operation schemes of high-intensity dis-
charge (HID) lamps might result in interference signal
with a wide frequency range. Moreover, emerging light
emitting diodes (LEDs) light sources are foreseen to use
a wide range of modulation frequencies, creating new
sources of interferences. If an interferer contaminates
the operation frequency band, the signal-to-interference
ratio (SIR) may decrease to a large extent, thereby de-
grading the measurement quality.
[0007] EP1655881A1 discloses a system, which is
used in a patient medical parameter, such as a patient
blood oxygen saturation parameter, monitoring system
for reducing signal interference in modulated signal com-
munication including a measurement processor that
measures amplitudes of noise components of a received
amplitude modulated signal prior to demodulation. The
measurement processor also identifies a frequency of a
noise component having an amplitude larger than the
amplitude of another noise component. A carrier frequen-
cy is generated substantially at a harmonic of the identi-
fied noise component and is used to generate and de-
modulate the amplitude modulated signal.

SUMMARY OF THE INVENTION

[0008] It is an object of the invention to provide such
a method of monitoring a vital parameter of a patient by
measuring attenuation of light emitted onto tissue of the
patient and an according device which allow for a high
signal-to-interference ratio in a versatile and reliable way.
[0009] This object is achieved by a method of monitor-
ing a vital parameter of a patient by measuring attenua-
tion of light emitted onto tissue of the patient, comprising
the following steps:

modulating the light according to a modulation mode;
emitting the modulated light onto the tissue of the
patient;
collecting ambient light and/or light which is trans-
mitted through the tissue and/or light which is reflect-
ed from the tissue;
demodulating the collected light according to the
modulation mode;
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analyzing the demodulated collected light with re-
gard to the contribution of the ambient light;
determining a modulation mode for which the con-
tribution of the ambient light is minimized or falls un-
der a predefined threshold; and setting the modula-
tion mode for modulating the light according to the
determined modulation mode for which the contribu-
tion of the ambient light is minimized or falls under
a predefined threshold.

[0010] According to the invention, light which is trans-
mitted through the tissue or/and which is reflected from
the tissue is collected which is necessary for the attenu-
ation measurement in order to monitor the vital parameter
of the patient. However, when collecting this light, it can-
not totally be avoided to collect at least some ambient
light, too. Thus, the step of "collecting ambient light" does
not mean that special measures have to be taken in order
to collect this ambient light. Though, of course, it lies with-
in the scope of the invention to take such measures, am-
bient light will always be collected when transmitted
and/or reflected light is collected. Further, if no transmit-
ted and/or reflected light exists since no light is emitted,
ambient light can be collected, too. This means that
above mentioned steps of the method according to the
invention do not have to be executed simultaneously.
Especially, this means that the step of "collecting ambient
light and/or light which is transmitted through the tissue
and/or light which is reflected from the tissue" can be
executed during the emission of modulated light and/or
in a time period in which no modulated light is emitted
and, thus, only ambient light is collected.
[0011] Hence, it is an important idea of the invention
to adapt the modulation scheme during operation, i.e.
"in-situ", to the modulation spectrum of the ambient light.
Due to setting the modulation scheme, i.e. the modulation
frequency or the modulation code, "in-situ" according to
the interference with the ambient light which is deter-
mined "in-situ" on the basis of the contribution of the am-
bient light, the negative impact of the ambient light on
the signal-to-interference ratio is greatly reduced.
[0012] It should be emphasized that the term "patient"
does not only refer to diseased persons but to all human
beings and animals, no matter whether healthy or not.
[0013] In general, there are different ways for perform-
ing the invention. However, according to a preferred em-
bodiment of the invention, the modulation mode is a mod-
ulation frequency or/and a modulation code.
[0014] Further, according to a preferred embodiment
of the invention, the step of emitting light onto the tissue
of the patient is interrupted for a predefined interruption
time period, during this interruption time period the col-
lected light is successively demodulated with different
modulation frequencies, and the modulation frequency
for which the output of demodulating the collected light
is minimized or falls under a predefined threshold is de-
termined to be the modulation frequency for the light emit-
ted onto the tissue of the patient after the predefined in-

terruption time period. Thus, according to this preferred
embodiment of the invention, the fact is used that the
method can be operated at different frequencies, i.e. dif-
ferent FDM modes. Preferably, these different FDM
modes are approximately, most preferably exactly, or-
thogonal to each other in the frequency domain.
[0015] With respect to this preferred embodiment of
the invention it is further preferred that the different mod-
ulation frequencies are a discrete set of frequencies or
are continuous within a predefined range. Further, the
step of emitting light onto the tissue of the patient is pref-
erably interrupted periodically. Furthermore, instead of
alternatingly changing between attenuation measure-
ments and frequency adaptation, it is preferred that an
adaptation phase is initiated based on the analysis of the
demodulator output.
[0016] According to another preferred embodiment of
the invention, the step of emitting light onto the tissue of
the patient is interrupted for a predefined interruption time
period, during this interruption time period the collected
light is successively demodulated with different modula-
tion codes, and the modulation code for which the output
of demodulating the collected light is minimized or falls
under a predefined threshold is determined to be the
modulation code for the light emitted onto the tissue of
the patient after the predefined interruption time period.
[0017] Further, similar to the preferred embodiment of
the invention described before, the step of emitting light
onto the tissue of the patient is preferably interrupted
periodically. Furthermore, instead of alternatingly chang-
ing between attenuation measurements and code adap-
tation, it is preferred that an adaptation phase is initiated
based on the analysis of the demodulator output.
[0018] Moreover, with respect to using modulation
codes instead of modulation frequencies, in the case that
the step of analyzing the demodulated collected light with
regard to the contribution of the ambient light yields a
lower level of contribution, a shorter modulation code is
applied; and in the case that the step of analyzing the
demodulated collected light with regard to contribution
of the ambient light yields a higher level of contribution,
a longer modulation code is applied.
[0019] Further, according to a preferred embodiment
of the invention, the step of emitting light onto the tissue
of the patient is interrupted for a predefined interruption
time period, during this interruption time period the power
spectrum of the collected light is determined using a Fou-
rier transform, and the frequency for which the power
spectrum is determined to have its minimum or a fre-
quency for which the power spectrum falls below a pre-
defined threshold is determined to be the modulation fre-
quency for the light emitted onto the tissue of the patient
after the predefined interruption time period. Thus, this
preferred embodiment of the invention is related to di-
rectly evaluating the spectrum of the collected light, i.e.
before demodulation. Also with respect to this preferred
embodiment it is further preferred that the step of emitting
light onto the tissue of the patient is periodically interrupt-
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ed.
[0020] According to another preferred embodiment of
the invention, the modulation frequency of the light emit-
ted onto the tissue is consecutively changed by cycling
through a predefined set of at least two frequency modes
or frequency bands; and the modulation frequency for
which the output of demodulating the collected light is
maximized or exceeds a predefined threshold is deter-
mined to be the active modulation frequency for the light
emitted onto the tissue of the patient. This preferred
method is also referred to as frequency hopping.
[0021] In this case, the set of frequencies is preferably
adapted in order to avoid interference by modulated am-
bient light. Generally, it can be expected that the ambient
light modulation spectrum does not cover the entire fre-
quency set, and it can be assumed that at least one of
the modulation frequencies is free of interference. To that
end, the frequency set is preferably chosen such that a
high spectral diversity is guaranteed. Therefore the de-
tected light for at least one of the frequencies in the set,
i.e. the one that is free of disturbance, results in a max-
imum attenuation measurement. For a given colour of
light, attenuation measurements are independent of the
modulation frequencies. If another frequency in the set
results in a lower attenuation measurement, this is a re-
sult of interference in that modulation frequency band,
and the corresponding frequency is preferably replaced.
[0022] In principle, a new frequency in the set can be
chosen arbitrarily or based on some selection criterion.
Preferably, spectral sensing, as described before, is ap-
plied to select the initial set for frequency hopping and
also to replace frequencies in the set. In case of this pre-
ferred embodiment of the invention, emitting the light onto
the tissue of the patient is preferably not interrupted. Pref-
erably, a new modulation frequency or set is selected
while another modulation frequency is used. Further, it
is especially preferred, that a set of only two frequencies
is used, wherein the second modulation frequency is cho-
sen from the spectrum when the attenuation is measured
using the first frequency and vice versa, thereby contin-
uously seeking the optimal modulation frequency.
[0023] The advantage of adaptive modulation frequen-
cy hopping is that the method is based on the quasi-
simultaneous evaluation of the received signal at multiple
frequencies, thereby allowing continuous measurement
without interruption by an adaptation phase.
[0024] Above mentioned object is further addressed
by a device for monitoring a vital parameter of a patient
by measuring attenuation of light emitted onto tissue of
the patient, with

a light modulator adapted for modulating the light
according to a modulation mode;
a light emitter adapted for emitting the modulated
light onto the tissue of the patient;
a light detector adapted for light which is transmitted
through the tissue or/and which is reflected from the
tissue and unavoidably being adapted for collecting

ambient light;
a light demodulator adapted for demodulating the
collected light according to the modulation mode;
an interference analyzer adapted for analyzing the
demodulated collected light with regard to the con-
tribution of the ambient light; and a processing unit
adapted for determining a modulation mode for
which the contribution of the ambient light is mini-
mized or falls under a predefined threshold and for
setting the modulation mode for modulating the light
according to the determined modulation mode for
which the contribution of the ambient light is mini-
mized or falls under a predefined threshold.

[0025] With respect to the device according to the pre-
ferred embodiment of the invention, this device is adapt-
ed for emitting light with at least two different wave-
lengths. Further, it is especially preferred that the device
is a pulse oximeter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] These and other aspects of the invention will
be apparent from and elucidated with reference to the
embodiments described hereinafter.
[0027] In the drawings:

Fig. 1 shows a typical setup for transmission pulse
oximetry;
Fig. 2 depicts a generalized block diagram of a trans-
mission pulse oximetry method according to an em-
bodiment of the invention;
Fig. 3 shows a demodulator with a periodic square
wave reference signal;
Fig. 4 shows spectra of different FDM modes accord-
ing to an embodiment of the invention; and
Fig. 5 shows spectra of different codes from the
WH256 code book.

DETAILED DESCRIPTION OF EMBODIMENTS

[0028] According to an embodiment of the invention,
instead of fixing the light modulation frequency bands
upon manufacturing of the attenuation measurement de-
vice, the modulation scheme is adapted "in-situ" to the
modulation spectrum of the ambient light. This modula-
tion scheme is realized by actively monitoring the ambi-
ent light or the effect thereof on the detection perform-
ance, and changing the transmission and/or detection
parameters such that interference with modulated ambi-
ent light is avoided or suppressed.

Fig. 1 shows a typical setup for transmission pulse
oximetry: A red light source 1 and an infrared (IR)
light source 2 are used for irradiating red light of 660
nm and IR light of 940 nm onto tissue of a patient,
i.e. onto a finger 3. The part of the light which is trans-
mitted through the finger 3 is then collected with a
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common light detector 4.
Fig. 2 depicts a general block diagram of a transmis-
sion pulse oximeter according to an embodiment of
the invention. The system comprises a processing
unit 5 that adjusts the parameters of a light modulator
6 which acts a pulse controller and modulates the
light sources 1, 2. The configuration of the light mod-
ulator 6 depends on the specific multiplexing scheme
applied, e.g. in case of TDM the light sources 1, 2
are activated alternatingly, whereas for FDM the light
sources 1, 2 radiate light simultaneously but with dif-
ferent modulation frequencies. The reason for the
multiplexing scheme is that in this way the same light
detector 4 can be used to estimate the attenuation
of the light from both light sources 1, 2.

[0029] The light detector 4 detects the light that has
propagated through the medium of the finger 3 and con-
verts it into an electrical signal. This signal is then pre-
processed by a signal-conditioning block 8, which com-
prises analog amplifiers and bandpass filters, which
make the signal suitable for conversion to the digital do-
main by an analog-to-digital converter (ADC) 9. Correla-
tors 10, each comprising a demodulator 11 and a demul-
tiplexer 12, are used to simultaneously demodulate and
demultiplex the detected light, and the results are pre-
sented to the processing unit 5, which determines the
parameters of interest by evaluating the transmitted and
demodulated signals. For that, the processing unit com-
prises an interference analyzer 14.
[0030] The scheme according to the embodiment of
the invention is independent of the specific multiplexing
technique applied, since all attenuation measurement
methods incorporate a certain modulation method. To
simplify matters, the description of the following embod-
iments is restricted to a single light source, thereby dis-
regarding the specific demultiplexing method. For a sin-
gle light source, only one correlator 10 is necessary. This
correlator 10 then simply equals a demodulator 11, such
as depicted in Fig. 3. Here, the information on the light
attenuation becomes present in the base-band by multi-
plying the received signal with a local reference of the
same fundamental frequency (fin =1/ Tm). Subsequently,
only the base-band signal is preserved by passing the
signal through a low-pass filter 13, thereby disregarding
out-of-band interference.
[0031] It should be noted that the square wave in Fig.
3 is only illustrative, as any periodic signal can be applied
to both modulate the light sources 1, 2 and demodulate
the received signal as long as the fundamental frequen-
cies and/or harmonics coincide.
[0032] According to a first embodiment of the inven-
tion, the fact is applied that the system can operate at
different frequencies or FDM modes. These FDM modes,
as illustrated in Fig. 4, are approximately orthogonal in
the frequency domain. When the experienced interfer-
ence is spectral coloured, there exists a mode, which
minimizes the experienced interference. Further, it

should be noted that a TDM system can be interpreted
as also operating at a single or multiple FDM modes.
[0033] The system operation frequency (fm) is adapt-
ed to a band where interference is low by evaluating the
demodulator output (y). To that end, first the light source
is turned off, then the demodulation frequency of the sys-
tem is adapted, such that the demodulator output is min-
imized or becomes lower than a predefined threshold,
and subsequently the modulation frequency is changed
accordingly.
[0034] The method can either alternate periodically be-
tween attenuation measurements and frequency adap-
tation, or an adaptation phase can be initiated based on
the analysis of the demodulator output signal. The fre-
quencies to be considered can be a discrete set or con-
tinuous within a certain range. The processing unit can
either adapt the demodulation frequency until some se-
lection criterion is fulfilled, e.g. a certain minimum SIR is
obtained; or evaluate the entire range or set of frequen-
cies and then select the optimum; or evaluate the prede-
fined frequency space by a search algorithm.
[0035] A respective behaviour can also be realized ac-
cording to another embodiment of the invention by di-
rectly evaluating the spectrum of the received signal, i.e.
before demodulating the signal, and selecting a frequen-
cy or frequency set where interference is low. To that
end, first the light is turned off, and then the power spec-
trum of the received signal (x) is determined using a dis-
crete Fourier transform. Subsequently, a modulation and
corresponding demodulation frequency (fm) is selected
from the minimum of the power spectrum or by applying
a threshold to the power spectrum.
[0036] Again the method can either alternate periodi-
cally between attenuation measurements and frequency
adaptation, or an adaptation phase can be initiated based
on the analysis of the received signal or the demodulator
output signal, e.g. by variations in instantaneous power.
[0037] Alternatively, the modulation frequency (fm)
can be changed continuously by cycling through a certain
discrete set of at least two frequency modes or frequency
bands, i.e. by frequency hopping. In this case, the set of
frequencies is adapted in order to avoid interference by
modulated ambient light. Generally, the ambient light
modulation spectrum does not cover the entire frequency
set, and it can be assumed that at least one of the mod-
ulation frequencies is free of interference. To that end,
the frequency set should be chosen initially such that
sufficient spectral diversity is guaranteed. Therefore the
detected light for at least one of the frequencies in the
set, i.e. the one that is free of disturbance, results in a
maximum attenuation measurement. Clearly, for a given
colour of light, attenuation measurements are independ-
ent of the modulation frequencies. Now, if another fre-
quency in the set results in a lower attenuation measure-
ment, this is a result of interference in that modulation
frequency band, and the corresponding frequency
should be replaced.
[0038] In principle, a new frequency in the set can be
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chosen arbitrarily or based on some selection criterion.
Spectral sensing, as described in the previous embodi-
ment, may be applied to select the initial set for frequency
hopping and also to replace frequencies in the set. In
order to achieve this functionality, the light source does
not have to be turned off, and a new modulation frequen-
cy or a set can be selected while another modulation
frequency is being used. It should be noted, that it is
especially preferred that only two frequencies are used,
wherein the second modulation frequency is chosen from
the spectrum when the attenuation is measured using
the first frequency and vice versa, thereby continuously
seeking the optimal modulation frequency.
[0039] The advantage of such adaptive modulation fre-
quency hopping is that the method is based on the quasi-
simultaneous evaluation of the received signal at multiple
frequencies, thereby allowing continuous measurement
without interruption by an adaptation phase.
[0040] According to another embodiment of the inven-
tion, CDM is used, wherein the different light sources use
unique, preferably orthogonal, codes to enable the light
detector to distinguish their light contributions. Suitable
orthogonal codes are e.g. Walsh-Hadamard (WH) codes,
where the number of light sources that can be accom-
modated is roughly equal to the length of the code. Next
to allowing for identification of the light contributions of
the different light sources, these codes also shape the
spectrum of the light signal. As an example all except
one WH code achieve a DC-free spectrum and their spec-
tra are mutually different.
[0041] This is illustrated in Fig. 5 for WH codes of length
256. There, the spectra of 4 out of the 256 codes in the
codebook are depicted. As can be concluded from Fig.
5, these codes have significantly different spectra. Sim-
ilarly, correlation at the receiving end with the spreading
codes achieves suppression of frequencies not related
to the transmitted code. It should be noted that, in contrast
to the frequency multiplexing illustrated in Fig. 3, the
spectra achieved by these codes will generally be over-
lapping.
[0042] The modulation scheme is then implemented
by adaptive code selection. The spreading or modulation
code used by the system is adapted to the one, that is
least affected by the interference, i.e. the code that is
most orthogonal to the interference. This is done by eval-
uating the demodulator output. To that end, the technique
of the first embodiment described above can be applied,
where first the light is turned off, then the demodulation
code of the system is adapted, such that the demodulator
output is minimized or becomes lower than a certain
threshold, and subsequently the transmitter spreading
code is changed accordingly.
[0043] It should be noted that also the accuracy/relia-
bility of the attenuation measurement can be scaled in
such a solution by applying codes with different codes
lengths, i.e. when the level of interference is low, a short
code is used and when it is high, a higher code length is
used. The advantage of longer codes is that they achieve

better spectral shaping and thus yield a better noise and
interference suppression at the receiving end. The ad-
vantage of short codes is that they reduce the measure-
ment time.
[0044] Above embodiments have been described for
a single light source. In these solutions the system
searches for the optimal modulation frequency/code. For
a system with N light sources, however, the system finds
a set of N codes/frequencies for which the impact of the
interference and noise is minimized/below a certain
threshold. Here it is possible to choose to minimize the
worst-case error for one of the light sources or the aver-
age error for all light sources, depending on the operation
mode.
[0045] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments.
[0046] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art in practicing the claimed invention, from a study of
the drawings, the disclosure, and the appended claims.
In the claims, the word "comprising" does not exclude
other elements or steps, and the indefinite article "a" or
"an" does not exclude a plurality. The mere fact that cer-
tain measures are recited in mutually different dependent
claims does not indicate that a combination of these
measures cannot be used to advantage. Any reference
signs in the claims should not be construed as limiting
the scope.

Claims

1. A method of monitoring a vital parameter of a patient
by measuring attenuation of light emitted onto tissue
of the patient, comprising the following steps:

modulating the light according to a modulation
mode;
emitting the modulated light onto the tissue of
the patient;
collecting ambient light and/or light which is
transmitted through the tissue and/or light which
is reflected from the tissue;
demodulating the collected light according to the
modulation mode;
analyzing the demodulated collected light with
regard to the contribution of the ambient light;
determining a modulation mode for which the
contribution of the ambient light is minimized or
falls under a predefined threshold; and
setting the modulation mode for modulating the
light according to the determined modulation
mode for which the contribution of the ambient
light is minimized or falls under a predefined
threshold.
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2. The method according to claim 1, wherein the mod-
ulation mode is a modulation frequency or/and a
modulation code.

3. The method according to claim 2, wherein the step
of emitting light onto the tissue of the patient is inter-
rupted for a predefined interruption time period,
during this interruption time period the collected light
is successively demodulated with different modula-
tion frequencies, and
the modulation frequency for which the output of de-
modulating the collected light is minimized or falls
under a predefined threshold is determined to be the
modulation frequency for the light emitted onto the
tissue of the patient after the predefined interruption
time period.

4. The method according to claim 3, wherein the differ-
ent modulation frequencies are a discrete set of fre-
quencies or are continuous within a predefined
range.

5. The method according to claim 2, wherein the step
of emitting light onto the tissue of the patient is inter-
rupted for a predefined interruption time period,
during this interruption time period the collected light
is successively demodulated with different modula-
tion codes, and
the modulation code for which the output of demod-
ulating the collected light is minimized or falls under
a predefined threshold is determined to be the mod-
ulation code for the light emitted onto the tissue of
the patient after the predefined interruption time pe-
riod.

6. The method according to claim 5, wherein in the case
that the step of analyzing the demodulated collected
light with regard to the contribution of the ambient
light yields a lower level of contribution, a shorter
modulation code is applied; and in the case that the
step of analyzing the demodulated collected light
with regard to contribution of the ambient light yields
a higher level of contribution, a longer modulation
code is applied.

7. The method according to claim 2, wherein the step
of emitting light onto the tissue of the patient is inter-
rupted for a predefined interruption time period,
during this interruption time period the power spec-
trum of the collected light is determined using a Fou-
rier transform, and
the frequency for which the power spectrum is de-
termined to have its minimum or a frequency for
which the power spectrum falls below a predefined
threshold is determined to be the modulation fre-
quency for the light emitted onto the tissue of the
patient after the predefined interruption time period.

8. The method according to any of claims 3 to 7, where-
in the step of emitting light onto the tissue of the
patient is periodically interrupted.

9. The method according to claim 2, wherein the mod-
ulation frequency of the light emitted onto the tissue
is consecutively changed by cycling through a pre-
defined set of at least two frequency modes or fre-
quency bands; and
the modulation frequency for which the output of de-
modulating the collected light is maximized or ex-
ceeds a predefined threshold is determined to be the
active modulation frequency for the light emitted onto
the tissue of the patient.

10. The method according to claim 9, wherein during
emitting light onto the tissue of the patient with a first
modulation frequency, a second modulation fre-
quency is selected from a predefined spectrum and
vice versa.

11. The method according to any of claims 1 to 10,
wherein the light emitted onto tissue of the patient
comprises at least a first light and a second light,
wherein the wavelength of the first light is different
from the wavelength of the second light, and wherein
the first light and the second light are multiplexed.

12. The method according to claim 11, wherein time di-
vision multiplexing, frequency multiplexing or/and
code division multiplexing is applied.

13. The method according to claim 11 or 12, wherein the
step of determining a modulation frequency or/and
a modulation code for which the contribution of the
ambient light is minimized or falls under a predefined
threshold is done for only one of the first light and
the second light, or is done for an average of the first
light and the second light.

14. Device for monitoring a vital parameter of a patient
by measuring attenuation of light emitted onto tissue
of the patient, with
a light modulator (6) adapted for modulating the light
according to a modulation mode;
a light emitter (1, 2) adapted for emitting the modu-
lated light onto the tissue of the patient;
a light detector (4) adapted for light which is trans-
mitted through the tissue or/and which is reflected
from the tissue and unavoidably being adapted for
collecting ambient light;
a light demodulator (11) adapted for demodulating
the collected light according to the modulation mode;
an interference analyzer (14) adapted for analyzing
the demodulated collected light with regard to the
contribution of the ambient light; and
a processing unit (5) adapted for determining a mod-
ulation mode for which the contribution of the ambi-
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ent light is minimized or falls under a predefined
threshold and for setting the modulation mode for
modulating the light according to the determined
modulation mode for which the contribution of the
ambient light is minimized or falls under a predefined
threshold.

15. The device according to claim 14, wherein at least
two light sources (1, 2) for emitting light with two dif-
ferent wavelengths are provided.

Patentansprüche

1. Verfahren zur Überwachung eines Vitalparameters
eines Patienten durch Messen der Abschwächung
von auf das Gewebe des Patienten emittiertem Licht,
wobei das Verfahren die folgenden Schritte umfasst:

Modulieren des Lichts entsprechend einem Mo-
dulationsmodus;
Emittieren des modulierten Lichts auf das Ge-
webe des Patienten;
Erfassen des Umgebungslichts und/oder des
durch das Gewebe weitergeleiteten Lichts und/
oder des durch das Gewebe reflektierten Lichts;
Demodulieren des erfassten Lichts entspre-
chend dem Modulationsmodus;
Analysieren des demodulierten erfassten Lichts
in Bezug auf den Anteil an Umgebungslicht;
Ermitteln eines Modulationsmodus, bei dem der
Anteil des Umgebungslichts minimiert wird oder
unter einen vorgegebenen Schwellenwert fällt;
und
Einstellen des Modulationsmodus zum Modu-
lieren des Lichts entsprechend dem ermittelten
Modulationsmodus, bei dem der Anteil des Um-
gebungslichts minimiert wird oder unter einen
vorgegebenen Schwellenwert fällt.

2. Verfahren nach Anspruch 1, wobei der Modulations-
modus eine Modulationsfrequenz und/oder ein Mo-
dulationscode ist.

3. Verfahren nach Anspruch 2, wobei der Schritt des
Emittierens von Licht auf das Gewebe des Patienten
für eine vorgegebene Unterbrechungszeitdauer un-
terbrochen wird,
während dieser Unterbrechungszeitdauer das erfas-
ste Licht nacheinander mit verschiedenen Modula-
tionsfrequenzen demoduliert wird, und
die Modulationsfrequenz, bei der die Ausgabe des
Demodulierens des erfassten Lichts minimiert wird
oder unter einen bestimmten Schwellenwert fällt, als
die Modulationsfrequenz für das nach der vorgege-
benen Unterbrechungszeitdauer auf das Gewebe
des Patienten emittierte Licht ermittelt wird.

4. Verfahren nach Anspruch 3, wobei die verschiede-
nen Modulationsfrequenzen ein diskreter Satz von
Frequenzen sind oder innerhalb eines vorgegebe-
nen Bereichs kontinuierlich sind.

5. Verfahren nach Anspruch 2, wobei der Schritt des
Emittierens von Licht auf das Gewebe des Patienten
für eine vorgegebene Unterbrechungszeitdauer un-
terbrochen wird,
während dieser Unterbrechungszeitdauer das erfas-
ste Licht nacheinander mit verschiedenen Modula-
tionscodes demoduliert wird, und
der Modulationscode, bei dem die Ausgabe des De-
modulierens des erfassten Lichts minimiert wird oder
unter einen vorgegebenen Schwellenwert fällt, als
der Modulationscode für das nach der vorgegebe-
nen Unterbrechungszeitdauer auf das Gewebe des
Patienten emittierte Licht ermittelt wird.

6. Verfahren nach Anspruch 5, wobei in dem Fall, dass
der Schritt des Analysierens des demodulierten er-
fassten Lichts in Bezug auf den Anteil des Umge-
bungslichts ein geringeres Anteilsmaß ergibt, ein
kürzerer Modulationscode angewendet wird; und in
dem Fall, dass der Schritt des Analysierens des de-
modulierten erfassten Lichts in Bezug auf den Anteil
des Umgebungslichts ein höheres Anteilsmaß er-
gibt, ein längerer Modulationscode angewendet
wird.

7. Verfahren nach Anspruch 2, wobei der Schritt des
Emittierens von Licht auf das Gewebe des Patienten
für eine vorgegebene Unterbrechungszeitdauer un-
terbrochen wird,
während dieser Unterbrechungszeitdauer das Lei-
stungsspektrum des erfassten Lichts unter Verwen-
dung einer Fourier-Transformation ermittelt wird,
und
die Frequenz, bei der für das Leistungsspektrum ein
Minimum ermittelt wird oder eine Frequenz, bei der
das Leistungsspektrum unter einen vorgegebenen
Schwellenwert fällt, als die Modulationsfrequenz für
das nach der vorgegebenen Unterbrechungszeit-
dauer auf das Gewebe des Patienten emittierte Licht
ermittelt wird.

8. Verfahren nach einem der Ansprüche 3 bis 7, wobei
der Schritt des Emittierens von Licht auf das Gewebe
des Patienten periodisch unterbrochen wird.

9. Verfahren nach Anspruch 2, wobei die Modulations-
frequenz des auf das Gewebe emittierten Lichts auf-
einanderfolgend geändert wird, indem ein vorgege-
bener Satz von mindestens zwei Frequenzmodi oder
Frequenzbändern durchlaufen wird; und
die Modulationsfrequenz, bei der die Ausgabe des
Demodulierens des erfassten Lichts maximiert wird
oder einen vorgegebenen Schwellenwert über-
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schreitet, als die aktive Modulationsfrequenz für das
auf das Gewebe des Patienten emittierte Licht er-
mittelt wird.

10. Verfahren nach Anspruch 9, wobei während des
Emittierens des Lichts auf das Gewebe des Patien-
ten mit einer ersten Modulationsfrequenz eine zwei-
te Modulationsfrequenz aus einem vorgegebenen
Spektrum ausgewählt wird und umgekehrt.

11. Verfahren nach einem der Ansprüche 1 bis 10, wobei
das auf das Gewebe des Patienten emittierte Licht
mindestens ein erstes Licht und ein zweites Licht
umfasst, wobei sich die Wellenlänge des ersten
Lichts von der Wellenlänge des zweiten Lichts un-
terscheidet, und wobei das erste Licht und das zwei-
te Licht gemultiplext werden.

12. Verfahren nach Anspruch 11, wobei Time-Division-
Multiplexen, Frequenz-Multiplexen und/oder Code-
Division-Multiplexen angewendet wird.

13. Verfahren nach Anspruch 11 oder 12, wobei der
Schritt des Ermittelns einer Modulationsfrequenz
und/oder eines Modulationscodes, bei der bzw. bei
dem der Anteil des Umgebungslichts minimiert wird
oder unter einen vorgegebenen Schwellenwert fällt,
nur für entweder das erste Licht oder das zweite Licht
durchgeführt wird, oder für einen Mittelwert des er-
sten Lichts und des zweiten Lichts durchgeführt wird.

14. Vorrichtung zur Überwachung eines Vitalparame-
ters eines Patienten durch Messen der Abschwä-
chung von auf das Gewebe des Patienten emittier-
tem Licht, wobei die Vorrichtung Folgendes umfasst:

einen Lichtmodulator (6), der vorgesehen ist,
um das Licht entsprechend einem Modulations-
modus zu modulieren;
einen Lichtemitter (1, 2), der vorgesehen ist, um
das modulierte Licht auf das Gewebe des Pati-
enten zu emittieren;
einen Lichtdetektor (4), der für Licht vorgesehen
ist, das durch das Gewebe weitergeleitet wird
und/oder das durch das Gewebe reflektiert wird
und der zwangsläufig für das Erfassen von Um-
gebungslicht vorgesehen ist;
einen Lichtdemodulator (11), der vorgesehen
ist, um das erfasste Licht entsprechend dem Mo-
dulationsmodus zu demodulieren;
einen Interferenzanalysator (14), der vorgese-
hen ist, um das demodulierte erfasste Licht in
Bezug auf den Anteil an Umgebungslicht zu
analysieren; und
eine Verarbeitungseinheit (5), die vorgesehen
ist, um einen Modulationsmodus zu ermitteln,
bei dem der Anteil des Umgebungslichts mini-
miert wird oder unter einen vorgegebenen

Schwellenwert fällt, und um den Modulations-
modus zum Modulieren des Lichts entspre-
chend dem ermittelten Modulationsmodus ein-
zustellen, bei dem der Anteil des Umgebungs-
lichts minimiert wird oder unter einen vorgege-
benen Schwellenwert fällt.

15. Vorrichtung nach Anspruch 14, wobei mindestens
zwei Lichtquellen (1, 2) zum Emittieren von Licht mit
zwei unterschiedlichen Wellenlängen vorgesehen
sind.

Revendications

1. Procédé de surveiller un paramètre vital d’un patient
en mesurant une atténuation de lumière émise sur
un tissu du patient, comprenant les étapes suivantes
consistant à :

moduler la lumière selon un mode de
modulation ;
émettre la lumière modulée sur le tissu du
patient ;
collecter lumière ambiante et/ou lumière qui est
transmise à travers le tissu et/ou de la lumière
qui est réfléchie à partir du tissu ;
démoduler la lumière collectée selon le mode
de modulation ;
analyser la lumière collectée démodulée par
rapport à la contribution de la lumière ambiante ;
déterminer un mode de modulation pour lequel
la contribution de la lumière ambiante est mini-
misée ou tombe sous un seuil prédéfini ; et
régler le mode de modulation pour moduler la
lumière selon le mode de modulation déterminé
pour lequel la contribution de la lumière ambian-
te est minimisée ou tombe sous un seuil prédé-
fini.

2. Procédé selon la revendication 1, dans lequel le mo-
de de modulation est une fréquence de modulation
ou/et un code de modulation.

3. Procédé selon la revendication 2, dans lequel l’étape
consistant à émettre de la lumière sur le tissu du
patient est interrompue pendant une période d’inter-
ruption prédéfinie,
au cours de cette période d’interruption la lumière
collectée est successivement démodulée avec des
fréquences de modulation différentes, et
la fréquence de modulation pour lequel la sortie de
l’étape consistant à démoduler la lumière collectée
est minimisée ou tombe sous un seuil prédéfini est
déterminée comme étant la fréquence de modula-
tion pour la lumière émise sur le tissu du patient
après la période d’interruption prédéfinie.
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4. Procédé selon la revendication 3, dans lequel les
fréquences de modulation différentes sont un jeu dis-
cret de fréquences ou sont continues au sein d’une
plage prédéfinie.

5. Procédé selon la revendication 2, dans lequel l’étape
consistant à émettre de la lumière sur le tissu du
patient est interrompue pendant une période d’inter-
ruption prédéfinie,
au cours de cette période d’interruption, la lumière
collectée est successivement démodulée avec des
codes de modulation différents, et
le code de modulation pour lequel la sortie de l’étape
consistant à démoduler la lumière collectée est mi-
nimisée ou tombe sous un seuil prédéfini est déter-
miné comme étant le code de modulation pour la
lumière émise sur le tissu du patient après la période
d’interruption prédéfinie.

6. Procédé selon la revendication 5, dans lequel, au
cas où l’étape consistant à analyser la lumière col-
lectée démodulée par rapport à la contribution de la
lumière ambiante produit un niveau plus bas de con-
tribution, un code de modulation plus court est
appliqué ; et, au cas où l’étape consistant à analyser
la lumière collectée démodulée par rapport à la con-
tribution de la lumière ambiante produit un niveau
plus élevé de contribution, un code de modulation
plus long est appliqué.

7. Procédé selon la revendication 2, dans lequel l’étape
consistant à émettre de la lumière sur le tissu du
patient est interrompue pendant une période d’inter-
ruption prédéfinie,
au cours de cette période d’interruption, le spectre
de puissance de la lumière collectée est déterminé
en utilisant une transformée de Fourrier, et
la fréquence pour laquelle le spectre de puissance
est déterminé comme posséder son minimum ou
une fréquence pour laquelle le spectre de puissance
tombe en dessous d’un seuil prédéfini est détermi-
née comme étant la fréquence de modulation pour
la lumière émise sur le tissu du patient après la pé-
riode d’interruption prédéfinie.

8. Procédé selon une quelconque des revendications
3 à 7, dans lequel l’ étape consistant à émettre de
la lumière sur le tissu du patient est périodiquement
interrompue.

9. Procédé selon la revendication 2, dans lequel la fré-
quence de modulation de la lumière émise sur le
tissu est changée consécutivement en réalisant un
cycle à travers un jeu prédéfini d’au moins deux mo-
des de fréquence ou bandes de fréquence ; et
la fréquence de modulation pour laquelle la sortie de
l’étape consistant à démoduler la lumière collectée
est maximisée ou dépasse un seuil prédéfini est dé-

terminée comme étant la fréquence de modulation
active pour la lumière émise sur le tissu du patient.

10. Procédé selon la revendication 9, dans lequel, au
cours de l’étape consistant à émettre de la lumière
sur le tissu du patient avec une première modulation
de fréquence, une seconde modulation de fréquen-
ce est sélectionnée parmi un spectre prédéfini et vice
versa.

11. Procédé selon une quelconque des revendications
1 à 10, dans lequel la lumière émise sur un tissu du
patient comprend au moins une première lumière et
une seconde lumière, dans lequel la longueur d’onde
de la première lumière est différente de la longueur
d’onde de la seconde lumière, et dans lequel la pre-
mière lumière et la seconde lumière sont multiple-
xées.

12. Procédé selon la revendication 11, dans lequel un
multiplexage par répartition en temps, un multiplexa-
ge par répartition en fréquence ou/et un multiplexage
par répartition en code est appliqué.

13. Procédé selon la revendication 11 ou 12, dans lequel
l’étape consistant à déterminer une fréquence de
modulation ou/et un code de modulation pour lequel
la contribution de la lumière ambiante est minimisée
ou tombe sous un seuil prédéfini est réalisée pour
seulement une de la première lumière et la seconde
lumière, ou est réalisée pour une moyenne de la pre-
mière lumière et la seconde lumière.

14. Dispositif pour surveiller un paramètre vital d’un pa-
tient en mesurant une atténuation de lumière émise
sur un tissu du patient, avec
un modulateur de lumière (6) adapté pour moduler
la lumière selon un mode de modulation ;
un émetteur de lumière (1, 2) adapté pour émettre
la lumière modulée sur le tissu du patient ;
un détecteur de lumière (4) adapté pour de la lumière
qui est transmise à travers le tissu ou/et qui est ré-
fléchie à partir du tissu et inévitablement adapté pour
collecter de la lumière ambiante ;
un démodulateur de lumière (11) adapté pour démo-
duler la lumière collectée selon le mode de
modulation ;
un analyseur d’interférence (14) adapté pour analy-
ser la lumière collectée démodulée par rapport à la
contribution de la lumière ambiante ; et
une unité de traitement (5) adaptée pour déterminer
un mode de modulation pour lequel la contribution
de la lumière ambiante est minimisée ou tombe sous
un seuil prédéfini et pour régler le mode de modula-
tion pour moduler la lumière selon le mode de mo-
dulation déterminé pour lequel la contribution de la
lumière ambiante est minimisée ou tombe sous un
seuil prédéfini.
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15. Dispositif selon la revendication 14, dans lequel au
moins deux sources lumineuses (1, 2) pour émettre
de la lumière avec deux longueurs d’onde différentes
sont prévues.
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