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Description

Field of the Invention

[0001] This invention is generally in the field of signal-
to-noise improvement techniques, and relates to a meth-
od and device for processing a periodic signal. The
present invention is particularly useful in pulse oximeters
or other non-invasive measurement devices for deter-
mining oxygen saturation and/or cardiac output.

Background of the Invention

[0002] Signal processing is an intrinsic procedure of
any measurement technique, and always requires suffi-
cient signal-to-noise ratio to enable extraction of a signal
componentindicative of adesired parameter from a noise
component contained in the measured signal. For exam-
ple, measurement techniques aimed at determining
physiological parameters consist of detecting and ana-
lyzing a signal response, e.g., light response, of a sample
to the application of an external field, e.g., electromag-
netic radiation, and typically require suitable signal
processing to extract the signal component in the detect-
ed response.

[0003] Various techniques for non-invasive measure-
ments of blood parameters have been developed. One
of such techniques is the so-called "bio-impedance tech-
nique" consisting of the following. A current source pro-
duces an alternating current, which is applied to the body
through electrodes, and voltage induced by this current
passage through the body is measured at additional elec-
trodes. Other techniques utilize spectrophotometry con-
sisting of illumination of a body part by incident light of
various wavelengths and measurement of an absorption
spectrum.

[0004] The most popular spectrophotometric tech-
niques are oximetry and pulse oximetry. Oximetry is
based on the strong dependence of the optical property
of blood in the visible (between 500 and 700nm) and
near-infrared (between 700 and 1000nm) spectra on the
amount of oxygen in blood. Pulse oximetry, which utilizes
transmission and reflection modes, relies on the detec-
tion of a photoplethysmographic signal caused by varia-
tions in the quantity of arterial blood associated with pe-
riodic contraction and relaxation of a patient’s heart. The
magnitude of this signal depends on the amount of blood
ejected from the heart into the peripheral vascular bed
with each systolic cycle, the optical absorption of the
blood, absorption by skin and tissue components, and
the specific wavelengths that are used to illuminate the
tissue. Oxyhemoglobin saturation (Sa0,) is determined
by computing the relative magnitudes of red (R) and in-
frared (IR) photoplethysmograms.

[0005] Electronic circuits, or suitable software (algo-
rithm) inside the pulse oximeter, separate the R and IR
photoplethysmograms into their respective pulsatile (AC)
and non-pulsatile (DC) signal components. An algorithm
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inside the pulse oximeter performs a mathematical nor-
malization by which the time-varying AC signal at each
wavelength is divided by the corresponding time-invari-
ant DC component which results mainly from the light
absorbed and scattered by the bloodless tissue, residual
arterial blood when the heart is in diastole, venous blood
and skin pigmentation. Since it is assumed that the AC
portion results only from the arterial blood component,
this scaling process provides a normalized R/IR ratio,
i.e., the ratio of AC/DC values corresponding to Rand IR-
spectrum wavelengths, respectively, which is highly de-
pendent on Sa0,, but is largely independent of the vol-
ume of arterial blood entering the tissue during systole,
skin pigmentation, skin thickness and vascular structure.
[0006] Pulse oximetry operating in reflection mode,
while being based on similar spectrophotometric princi-
ples as that of transmission mode, is more challenging
to perform and has unique problems that cannot always
be solved by solutions suitable for solving the problems
associated with transmission-mode pulse oximetry. Gen-
erally, when comparing transmission and reflection pulse
oximetry, the problems associated with reflection pulse
oximetry consist of the following. In reflection pulse oxi-
metry, the pulsatile AC signals are generally very small
and, depending on sensor configuration and placement,
have larger DC components as compared to those of
transmission pulse oximetry. In addition to optical ab-
sorption and reflection due to blood, the DC signal of the
R and IR photoplethysmograms in reflection pulse oxi-
metry can be adversely affected by strong reflections
from a bone. This problem becomes more apparentwhen
applying measurements at such body locations as the
forehead and the scalp, or when the sensor is mounted
on the chest over the ribcage. Similarly, variations in con-
tact pressure between the sensor and the skin can cause
larger errors in reflection pulse oximetry (as compared
to transmission pulse oximetry) since some of the blood
near the superficial layers of the skin may be normally
displaced away from the sensor housing towards deeper
subcutaneous structures. Consequently, the highly re-
flective bloodless tissue compartment near the surface
of the skin can cause significant errors even at body lo-
cations where the bone is located too far away to influ-
ence the incident light generated by the sensor.

[0007] Another problem with reflectance sensors cur-
rently available is the potential for specular reflection
caused by the superficial layers of the skin, when an air
gap exists between the sensor and the skin, or by the
direct shunting of light between the LEDs and the pho-
todetector through a thin layer of fluid (which may be due
to excessive sweating or from amniotic fluid present dur-
ing delivery).

[0008] It is important to keep in mind the two funda-
mental assumptions underlying conventional dual-wave-
length pulse oximetry: The path of light rays with different
illuminating wavelengths in tissue are substantially
equal, and therefore, cancel each other. Each light
source illuminates the same pulsatile change in arterial
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blood volume. Furthermore, the correlation between op-
tical measurements and tissue absorption in pulse oxi-
metry are based on the fundamental assumption that light
propagation is determined primarily by absorbance due
to Lambert-Beer’s law neglecting multiple scattering ef-
fects in biological tissues. In practice, however, the opti-
cal paths of different wavelengths in biological tissues
are known to vary more in reflectance oximetry compared
to transmission oximetry, since they strongly depend on
the light scattering properties of the illuminated tissue
and sensor mounting.

[0009] The relevant in vivo studies are disclosed, for
example, in the following publications:

[0010] Dassel, et al., "Effect of location of the sensor
on reflectance pulse oximetry", British Journal of Obstet-
rics and Gynecology, vol. 104, pp. 910-916, (1997);
[0011] Dassel, et al., "Reflectance pulse oximetry at
the forehead of newborns: The influence of varying pres-
sure on the probe", Journal of Clinical Monitoring, vol.
12, pp. 421-428, (1996).

[0012] It should be understood that the signal-to-noise
ratio improvement is also needed in tissue simulated
model measurements (in vitro). The problems arising
with in vitro measurements are disclosed, for example in
the following publication: Edrich et al., "Fetal pulse oxi-
metry: influence of tissue blood content and hemoglobin
concentration in a new in-vitro model", European Journal
of Obstetrics and Gynecology and Reproductive Biology,
vol. 72, suppl. 1, pp. S29-S34, (1997).

Document US-A-5 825 672 discloses a method accord-
ing to the preamble of claim 1.

[0013] Improved sensors for application in dual-wave-
length reflectance pulse oximetry have been developed,
and are disclosed, for example, in the following publica-
tion: Mendelson, et al., "Noninvasive pulse oximetry uti-
lizing skin reflectance photoplethysmography", |IEEE
Transactions on Biomedical Engineering, vol. 35, no. 10,
pp. 798-805 (1988). According to this technique, the total
amount of backscattered light that can be detected by a
reflectance sensor is directly proportional to the number
of photodetectors placed around the LEDs. Additional
improvements in signal-to-noise ratio were achieved by
increasing the active area of the photodetector and op-
timizing the separation distance between the light sourc-
es and photodetectors.

[0014] Adifferentapproach, based onthe use of a sen-
sor having six photodiodes arranged symmetrically
around the LEDs, is disclosed in the following publica-
tions:

[0015] - Mendelson, et al., "Design and evaluation of
a new reflectance pulse oximeter sensor", Medical In-
strumentation, vol. 22, no. 4, pp. 167-173 (1988); and
[0016] - Mendelson, et al., "Skin reflectance pulse ox-
imetry: in vivo measurements from the forearm and calf’,
Journal of Clinical Monitoring, vol. 7, pp. 7-12, (1991).
[0017] According to this approach, in order to maxi-
mize the fraction of backscattered light collected by the
sensor, the currents from all six photodiodes are summed
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electronically by internal circuitry in the pulse oximeter.
This configuration essentially creates a large area pho-
todetector made of six discrete photodiodes connected
in parallel to produce a single current that is proportional
to the amount of light backscattered from the skin.
[0018] A reflectance sensor based on the use of eight
dual-wavelength LEDs and a single photodiode is dis-
closed in the following publication: Takatani et al., "Ex-
perimental and clinical evaluation of a noninvasive re-
flectance pulse oximeter sensor", Journal of Clinical
Monitoring, vol. 8, pp. 257-266 (1992). Here, four R and
four IR LEDs are spaced at 90-degree intervals around
the substrate and at an equal radial distance from the
photodiode. A similar sensor configuration based on six
photodetectors mounted in the center of the sensor
around the LEDs is disclosed in the following publication:
Konig, et al., "Reflectance pulse oximetry - principles and
obstetric application in the Zurich system", Journal of
Clinical Monitoring, vol. 14, pp. 403-412 (1998).

[0019] Pulse oximeter probes of the type comprising
three or more LEDs for filtering noise and monitoring oth-
er functions, such as carboxyhemoglobin or various in-
dicator dyes injected into the blood stream, have been
developed and are disclosed, for example, in WO
00/32099 and US 5,842,981. The techniques disclosed
in these publications are aimed at providing an improved
method for direct digital signal formation from input sig-
nals produced by the sensor and for filtering noise.
[0020] As indicated above, in pulse oximetry, SpO,
and the heart rate are calculated from the detected signal,
which is relatively small with a reflection-mode pulse ox-
imeter. Methods for processing the signals detected by
a pulse oximeter are described in the following U.S. Pat-
ents: 5,482,036; 5,490,505; 5,685,299; 5,632,272;
5,769,785; 6,036,642; 6,081,735; 6,067,462; and
6,083,172. These methods, however, utilize a specific
model based on certain assumptions of noise reference.

SUMMARY

[0021] Thereis a need in the art to improve the signal-
to-noise ratio (SNR) in measured data by providing a
novel method for processing a measured signal, which
has certain known characteristics.

[0022] The presentinventionisassociated with the fact
that the characteristics of most physiological signals are
known, being for example periodic with certain well-de-
fined peak-to-peak intensity value (such as a pulsatile
blood-related signal), or periodic with a specific asym-
metric shape (such as blood pressure pulse or ECG). On
the contrary, a noise component in the measured signal
is typically associated with artifacts of various kinds, and
therefore has no specific characteristics.

[0023] The main idea of the present invention is as
follows. The time variation of a response (measured sig-
nal or measured data) of a sample to the application of
an external field is detected by any suitable means and
ameasured signal representative of the response is gen-
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erated. If a signal component in the measured signal is
a periodic signal with a certain well-defined peak-to-peak
intensity value, upper and lower envelopes of the meas-
ured signal are determined and analyzed to extract said
signal component of the measured signal. This signal
component can further be used to calculate a desired
parameter of the sample. The DC component of the sig-
nal is determined as the median value of the upper en-
velope, and the AC component is determined as the me-
dian value of the difference between the upper and lower
envelopes. If a signal component of the measured signal
is a periodic signal characterized by a specific asymmet-
ric shape, a specific adaptive filtering is applied to the
measured signal, resulting in the enhancement of the
signal component relative to a noise component. This
adaptive filtering is based on a derivative of the Gaussian
Kernel having specific parameters matching the charac-
teristics of the signal component.

[0024] The term "measured signal" used herein signi-
fies a signal obtained by any measurement device and
including a signal component, which is to be extracted
and further used for determining a desired parameter,
and a noise component caused by various noise and
artifact conditions. The term "measured data" used here-
in refers to data indicative of two measured signals of
different kinds. One kind of a measured signal suitable
to be processed by the technique of the presentinvention
is such containing a signal component in the form of a
periodic signal with well-defined peak-to-peak value,
e.g., sinusoidal-like signal. The other kind of a measured
signal suitable to be processed by the technique of the
present invention is one containing a signal component
in the form of a periodic signal characterized by a specific
asymmetric shape. Such a periodic asymmetrically
shaped signal is characterized by the following: each cy-
cle (period) of the signal contains a region including fre-
quencies higher than those of the other regions. The
present invention consists of a signal processing tech-
nique that can be carried out by a corresponding data
processing and analyzing utility incorporated in a control
unit of the measurement device, or in a separate unit
connectable to the measurement device to receive and
process the output thereof.

[0025] There is thus provided, according to one broad
aspect of the present invention, a method as defined in
claim 1, an apparatus as defined in claim 22, and a com-
puter program storage device as defined in claim 28. Pre-
ferred embodiments of the invention are defined in the
dependent claims.

[0026] More specifically, the present invention is used
in non-invasive measurements of blood parameters and
is therefore described below with respect to this applica-
tion. It should, however, be understood that the present
invention presents amethod and utility for signal process-
ing suitable for use in various applications (e.g., in vivo
or in vitro measurements in a biological sample), provid-
ed that the signal component to be extracted from the
measured signal for further analysis is either a substan-
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tially periodic signal with a well-defined peak-to-peak val-
ue, or a substantially periodic signal characterized by a
specific asymmetric shape as defined above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Other advantages of the present invention will
be readily appreciated as the same becomes better un-
derstood by reference to the following detailed descrip-
tion when considered in connection with the accompa-
nying drawings wherein:

[0028] In order to understand the invention and to see
how it may be carried out in practice, a preferred embod-
iment will now be described, by way of non-limiting ex-
ample only, with reference to the accompanying draw-
ings, in which:

[0029] Figs. 1A and 1B illustrate a block diagram and
a flow chart of main operation steps, respectively, of a
control unit according to the invention;

[0030] Figs. 1C and 1D illustrate block diagrams of
pulse oximetry and bio-impedance based systems, re-
spectively, utilizing the present invention;

[0031] Figs. 1E and 1F illustrate the main operational
steps of a method according to the invention carried out
by the systems of Figs. 1C and 1D, respectively;
[0032] Figs. 2A and 2B illustrate experimental results
of the method according to the invention used with the
pulse oximetry, wherein Fig. 2A shows the envelope de-
tection technique, and Fig. 2B shows how this technique
can be used to extract the pulse amplitude (AC) from the
detected signal;

[0033] Figs. 3A-3B and 4A-4B illustrate, respectively,
two more examples showing experimental results of the
method according to the invention used with the pulse
oximetry;

[0034] Figs. 5A and 5B illustrate experimental results
of the method according to the invention used with the
bio-impedance technique, wherein Fig. 5A shows the en-
velope detection technique, and Fig. 5B shows how this
technique can be used to extract the pulse amplitude
(AC) from the detected signal;

[0035] Figs.6A-6B,7A-7B, 8A-8B and 9A-9Biillustrate,
respectively, four more examples showing experimental
results of the method according to the invention used
with the bio-impedance technique;

[0036] Fig. 10 illustrates the determination of a DC
component of the pulsatile signal according to the invent-
ed method, as compared to that of the conventional tech-
nique;

[0037] Fig. 11 illustrates the typical shape and timing
of a blood pressure pulse in an artery;

[0038] Fig. 12illustrates the kernel function to be used
in a method according to the invention;

[0039] Figs. 13A and 13B illustrate the experimental
results of applying a reflectance pulse oximeter to the
patient’s chest, presenting a measured signal, respec-
tively, prior to and after the filtering with the kernel func-
tion parameters;
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[0040] Figs. 14A and 14B illustrate the spectra of a
measured signal, respectively, prior to and after the fil-
tering with DG Kernel parameters; and

[0041] Figs. 15A and 15B illustrate how the technique
of the present invention can be used for enhancement
of QRS segment in the ECG signal.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0042] With reference to the Figs. 1A and 1B, and in
operation, the present invention provides a method and
device for processing a measured signal. More specifi-
cally, the present invention extracts a signal component
from the noise component and suppresses a noise com-
ponent.

[0043] A control unit, generally designated 1, con-
structed and operated according to the invention for
processing an input signal IS coming from a measure-
ment device comprises a data processing and analyzing
utility 2 having two software modules (components) C,
and C, operating together to extract or enhance a signal
component and suppress a noise component contained
in the input signal. The software component C, process-
es the input signal, and the software component C, an-
alyzes the processed data to either extract or enhance
the signal component.

[0044] As shown in Fig. 1B, when a signal component
S, in the form of a periodic signal with well-defined peak-
to-peak value, e.g., sinusoidal-like signal, is to be extract-
ed from the input measured signal IS, the processing of
the measured signal includes determination of upper and
lower envelopes E,, and E,,,, thereof (step 4), which are
then analyzed to extract this signal component S; from
a noise component (step 6).

[0045] If a signal component to be enhanced relative
to a noise component is a periodic signal characterized
by a specific asymmetric shape (i.e., each cycle (period)
of the signal component contains a region including fre-
quencies higher than those of the other regions), the data
processing and analyzing utility 2 operates to define a
specific kernel function (a derivative of a Gaussian with
parameters matching the characteristics of the asymmet-
rically shaped signal component), and apply filtering to
the measured signal with these kernel function parame-
ters, thereby enhancing the signal component relative to
the noise component in the filtered measured signal.
[0046] Referring to Fig. 1C, the present invention will
now be described in the context of a measurement sys-
tem 10 for non-invasive measurement of physiological
parameters. It should be understood that the application
of the present invention to such a measurement system
10 is for discussion purposes only and the present inven-
tion is not limited to such applications. The present in-
vention has equal application to other uses where signal
component of the kind specified is to be extracted from
a measured containing a noise component.

[0047] In the present example, the system 10 is a re-
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flectance pulse oximeter applied to a measurement lo-
cation (not shown) on the patient’s body and operable to
detect a light response (reflection) of the measurement
location and determine oxyhemoglobin saturation in the
patient’s blood and the heart rate. The system 10 com-
prises such main constructional parts as a measurement
device 12 (probe) and a control unit 13.

[0048] The measurement device 12 comprises an illu-
minator and a detector unit. In the present example, the
illuminator is composed of three light emitting elements
(e.g.,LEDs) 14A, 14B and 14C operated by three drivers
D1-D3, respectively. LEDs 14A-14C illuminate the meas-
urement location with three different wavelengths: one
wavelength A1 lying in the red spectrum and the two other
wavelengths A2 and A3 lying in a spectrum range includ-
ing near infrared and infrared spectrum of radiation.
Wavelengths A2 and A3 are selected to coincide with a
spectral region of the optical absorption curve, where ox-
yhemoglobin (HbO,) absorbs slightly more light than de-
oxyhemoglobin (Hb), and where the extinction coeffi-
cients of Hb and HbO, are nearly equal and remain rel-
atively constant as a function of wavelength. The detector
unit comprises two photodetectors PD; and PD,, which
receive light components reflected from the measure-
ment location and generate measured data (current) in-
dicative thereof.

[0049] It should be noted, although not specifically
shown, that the photodetectors 14A,14B,14C are prefer-
ably designed and arranged so as to provide collection
of light reflected from the measurement location at dif-
ferent detection points arranged along closed paths
around the light emitting elements. For example, the pho-
todetectors are two concentric rings (the so-called "near"
and "far" rings), and the light emitting elements are lo-
cated atthe centeroftherings. This arrangement enables
optimal positioning of the detectors for high quality meas-
urements, and enables distinguishing between photode-
tectors receiving "good" information (i.e., AC and DC val-
ues which would result in accurate calculations of SpO,)
and "bad" information (i.e., AC and DC values which
would result in inaccurate calculations of SpO,).

[0050] The operation of the measurement device and
calculation of a blood parameter (e.g., oxyhemoglobin
saturation) do not form part of the present invention, and
therefore need not be specifically described, except to
note the following. In this specific example of three wave-
lengths of incident radiation and a plurality of detection
points, data indicative of AC/DC ratio in the light detected
at each of the detection points for the three wavelengths
is calculated, and analyzed to determine accepted de-
tection points and select corresponding AC/DC ratios for
each of three wavelengths. These selected ratios are
then utilized to calculate the blood parameter. The anal-
ysis consists of the following: Values of the ratio W,/W
(Wo=I,(AC)/1,(DC) and W3=I5 (AC)/ I3(DC), | being the
intensity) for the accepted detection points in at least one
closed path are calculated. Each of these values is an-
alyzed to determine whether it satisfies a certain prede-
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termined condition (e.g., the calculated value W,/W3 is
inside a predetermined range defined by a threshold val-
ue), and generate a signal indicative of whether the po-
sition of the probe (sensor) is to be adjusted or not. If the
condition is satisfied, the quality of a photoplethysmo-
gram is analyzed to determine whether it is acceptable
or not. If the quality is acceptable, the selected ratios are
analyzed to calculate ratios W4/W, and W,/W; (wherein
W,=I4(AC)/I,(DC)) from the data detected in at least one
closed path, and calculate the differences ABS(W,/W,-
W,/W5). The calculated differences are analyzed to de-
termine whether each of the differences satisfies a cer-
tain predetermined condition (e.g., the calculated differ-
ence ABS(W/W,-W1/W,) is less than a certain thresh-
old value for determining the blood parameter if the con-
dition is satisfied.

[0051] As further shown in Fig. 1C, outputs of the pho-
todetectors PD, and PD, are connected to analog-to-
digital converters ADC, and ADC,, respectively, which
are connected to a micro-controller 16 to thereby enable
simultaneous signal conversion by sampling the signal
and band pass filtering. By this, noise having spectral
components other then that of the signal component is
suppressed. The control unit further comprises a proc-
essor 17 (composed of data processing and analyzing
utilities U4 and U,) preprogrammed to carry out a signal
processing according to the invention, and a display 18.
The provision of two utilities U; and U, is aimed at de-
termining both the SpO, and the heartrate, wherein SpO,
is derived from a measured signal of the kind having a
signal component S in the form of a periodic signal with
well-defined peak-to-peak value, and the heart rate is
derived from a measured signal of the kind having a sig-
nal component characterized by a specific asymmetric
shape.

[0052] It should be understood that for the purpose of
the present invention, the light source (with respective
drivers), detector, analog-to-digital converters and micro-
controller constitute together a measurement device for
generating data indicative of a measured signal, which
includes a signal component and a noise component
(noise and artifacts). Such a measurement device may
be of any kind. Actually, the processor, having either one
of the utilities U, and U, or both of them, may be incor-
porated in a separate unit connectable to the measure-
ment device to receive and process the measured signal
to thereby enable the determination of a desired param-
eter. For the purposes of the present invention, the signal
component in the measured signal is a periodic signal
with a well-defined peak-to-peak value (e.g., a pulse re-
lated signal of blood), or a signal with a specific asym-
metric shape (e.g., a heart pulse signal). By using the
reflectance pulse oximeter 10 applied to a location on
the patient’s body, the measured data contains both the
signal component S, representative of the pulse related
signal of the patient’s blood (a substantially periodic sig-
nal with substantially well-defined peak-to-peak intensity
value) and the signal component S, representative of the
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pulse related signal of the heart (a periodic signal char-
acterized by a specific asymmetric shape).

[0053] Fig. 1D illustrates a block diagram of a meas-
urement system 100 for bio-impedance measurements.
Tofacilitate understanding, the same reference numbers
are used to identify those components that are common
in the examples of Figs.1C and 1D. Thus, the measure-
ment system 100 is composed of a measurement device
12 and a control unit 13, which comprises a processor
17 (composed of data processing ad analyzing utilities
U, and U,) preprogrammed for carrying out the method
according to the invention. In the present example of Fig.
1D, the measurement device 12 comprises an alternating
current source 114 operated by the micro-controller 16
to inject an electric current to the patient’s body by stim-
ulating body electrodes 115; electrodes 116 sensitive to
voltage induced by the injected alternating current; and
electronic components 117 (demodulators and amplifi-
ers) for detecting and amplifying the amplitude of the al-
ternating voltage received from the sensing electrodes
116. In the measurement device of this kind, different
electrodes’ arrangements are typically used for produc-
ing the bio-impedance and ECG measured signals MS;
and MS,.

[0054] Reference is made to Figs. 1E and 1F, illustrat-
ing the principles of the method according to the invention
in the pulse oximeter and bio-impedance applications,
respectively. To facilitate understanding, the same ref-
erence numbers are used to identify steps that are com-
mon in the examples of Figs. 1E and 1F.

[0055] As shown, measured data MD received from a
measurement device first undergoes sampling and fre-
quency filtering. In the example of Fig. 1E (pulse oxime-
try), the measured data MD, indicative of a pulsatile
blood-related signal including both the periodic signal
component with well-defined peak-to-peak intensity val-
ue and the periodic signal component characterized by
a specific asymmetric shape, is supplied from the meas-
urement device of a pulse oximeter, sampled (step 20),
and then undergoes frequency filtering (step 22). The
measured data MD is then split so as to undergo two
concurrent processes carried out by respective data
processing and analyzing utilities: a processing to deter-
mine the upper and lower envelopes of the measured
data MD (step 26), and filtering of the measured data MD
with a specific DG Kernel, as will be described more spe-
cifically further below.

[0056] In the example of Fig. 1F, measured signals
MS, and MS, (indicative of, respectively, a bio-imped-
ance and an ECG) are supplied from different electrode
arrangements of the measurement device. Consequent-
ly, the measured signals are sampled by separate sam-
pling utilities (steps 20A and 20B). Data indicative of the
sampled measured signal MS, undergoes frequency fil-
tering (step 22), and data indicative of the sampled meas-
ured signal MS, undergoes DG kernel filtering (step 24).
The frequency-filtered measured signals MS; is proc-
essed to calculate upper and lower envelopes thereof
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(step 26).

[0057] The upper and lower envelopes are used to de-
termine AC and DC components of a pulsatile blood-
related signal component of the measured signal (steps
28 and 30). The so-determined AC and DC components
are used to calculate oxyhemoglobin saturation SpO,
(step 32 in Fig. 1E), or the normalized impedance
Z=AC/DC (step 33 in Fig. 1F), and the calculation results
are then displayed (step 34). The DG Kernel filtered data
is processed to calculate the spectrum (step 36), which
is analyzed to determine the biggest peak which is the
heartrate (step 38). The calculation results are presented
on the display (step 40).

[0058] Reference is made to Figs. 2A-2B, 3A-3B and
4A-4B illustrating three examples, respectively, of
processing a measured signal obtained with a pulse ox-
imeter. Figs. 2A, 3A and 4A illustrate the sampled and
frequency filtered measured signals MS(), MS(2), and
MS@), (each having a signal component representative
of a pulsatile blood-related signal distorted by motion and
respiration artifacts (noise component)), and upper and
lower envelopes E(),,, and E(,,,, E2),, and E@),, and
E®),, and E®),,, of the measured signals MS(1);, MS(2),
and MS@®),, respectively. As shown in the example of Fig.
2A, the amplitude of the artifacts is about 6 times larger
than the pulse amplitude (AC).

[0059] In order to calculate the upper and lower enve-
lopes of a signal, the location of the local maximum and
minimum values of the periodic signal are first calculated.
Then, the values between the local minimum points are
estimated producing a continuous line that defines the
lower envelope, and the values between the local max-
imum points are estimated producing a continuous line
that defines the upper envelope. The line estimation be-
tween extreme points can for example utilize linear inter-
polation or cubic spline interpolation methods.

[0060] Figs. 2B, 3B and 4B illustrate (in the enlarged
scale) a signal resulting from the subtraction of the upper
envelope from the respective measured signal (determi-
nation of the difference between the intensity values of
the measured signal and the upper envelope for each
point in time). As seen, distortions are now smaller than
the signal amplitude, and hence, the signal-to-noise ratio
is improved (by a factor of 10 in the example of Figs. 2A-
2B).

[0061] In order to calculate the amplitude of the blood
pulsation (AC component of the pulsatile blood-related
signal), the lower envelope value is subtracted from the
upper envelope value (E,;- Eq,) for each time moment,
thereby obtaining a vector of the same length as the vec-
tor representing the measured signal. Then, the vector
values are sorted, and the median is calculated. Thus,
according to the present invention, the alternating value
(AC component) of a periodic signal with well-defined
peak-to-peak intensity value is calculated as:

[0062]
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AC=MEDIAN(E ;- Eiow)

[0063] It should be noted that, according to conven-
tional techniques, extreme points are used to calculate
the pulse amplitude. Hence, for a frame of 256 points
(about 3sec), 3 heartbeats are observed (assuming a
heart rate of 60 beats per minute), namely, only 3 max-
imal and 3 minimal values (one for each pulse). The cal-
culation of the amplitudes of 3 pulses in the 3sec frame
enables to obtain only 3 numbers, and the mean ampli-
tude in the frame is calculated from these 3 pulse ampli-
tudes. If the detected signal includes data representative
of an additional pulse that does not really exist, this will
affect the data analysis results (one wrong amplitude
number from three values: two correct values and one
false).

[0064] On the contrary, the present invention utilizes
the statistical analysis of 256 values obtained after the
subtraction of the two envelopes to estimate the most
likely to appear amplitude in the frame. In order to reduce
the influence of artifacts and to find the median of the
signal (i.e., amplitude value that is most likely to appear)
resulted from the subtraction (Ep- Ej,y), the values are
sorted, 10% of the extreme values (the smallest and the
largest ones) are excluded, and the median is taken from
the remaining values.

[0065] Figs. 5A-5B, 6A-6B, 7A-7B, 8A-8B and 9A-9B
illustrate five different examples, respectively, of
processing a measured signal obtained with bio-imped-
ance measurements of heart activity in a cardiac output
measurement device. Here, Figs. 5A, 6A, 7A, 8A and 9A
show the sampled and frequency filtered measured sig-
nals (each having a signal component representative of
a pulsatile blood-related signal distorted by motion and
respiration artifacts), and upper and lower envelopes of
the measured signals. Figs. 5B, 6B, 7B, 8B and 9B sig-
nals with the improved signal-to-noise ratio obtained by
subtracting the upper envelopes from the respective
measured signals.

[0066] Calculation of the DC component of a blood-
related signal contained in the measured signal MS ; will
now be described with reference to Fig. 10. When illumi-
nating the measurement location during the pulse (when
blood fills a blood vessel), more of the incident light is
absorbed. Therefore, the detected signal reflected from
the skinis decreased accordingly (proportional to the light
absorption).

[0067] According to the conventional approach, the
constant value of the reflected light intensity (i.e., the DC
component of the photoplethysmogram) is calculated as
the average value of a signal S; measured in the middle
of the measured signal MS;. This approach is based on
the fact that the average value contains the constant level
of reflected light (between arterial pulses) and the pulsa-
tion value (AC component). This averaging value is a
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result of the base line, the amplitude of the pulse, and
the shape of the pulse.

[0068] According to the technique of the present in-
vention, the real constant absorption component defined
by the upper envelope Eup of the measured signal MS,
is used to calculate the DC component value, which gives
better accuracy, as compared to the conventional ap-
proach. Thus, according to the invention, the upper en-
velope values are sorted, and the median is taken as the
DC component, i.e., DC=MEDIAN(E). Alternatively,
the DC component of such a periodic signal with well-
defined peak-to-peak value may be calculated as the me-
dian of the half of the sum of the upper and lower envelope
values, i.e., DC=MEDIAN((E ,+ E,y)/2).

[0069] The signal processing according to the inven-
tion suitable to be used for the calculation of the heart
rate will now be described. This technique is based on
the knowledge about the physiological properties of the
biophysical signals related to the heart cycle, and con-
sists of a spectral filtering kernel preprocessing in order
to enhance the pulse signal from the additive noise and
disturbances, thus improving the signal-to-noise ratio.
This makes further processing techniques, such as Fast
Fourier Transform and auto correlation, more efficient
when processing the signal to calculate the heart rate.
[0070] Fig. 11 illustrates a graph G of the typical shape
and timing of the blood pressure pulse in an artery which
represents a biophysical signal related to the change in
the blood pressure, induced by the heart cycle, and
presents a signal component in the measured signal
MS,. This signal component has the active phase (systo-
lic phase) P, and the passive phase (diastolic phase)
Ppas Of the pulse. The duration of the active phase P,
is defined by the heart’s contraction phase and ranges
between 80 and 140ms, and the duration of the passive
phase Ppas is the remaining time, i.e., the difference be-
tween the heart rate duration and the active phase du-
ration. The typical human heart rate ranges between
40bpm and 280bpm, and is equivalent to the frequency
range of 0.67-4.7Hz. In order to filter out noise and arti-
facts, the pulse oximeter, as well as any other suitable
measurement device, typically utilizes filters with the
band pass of 0.5-10HZ. Examining the frequency content
of the systolic phase P, in the heart pulse, it is evident
that it contains frequencies above 10Hz. For example, in
a 80ms rising phase, the frequency content of 12.5HZ is
included (i.e., 1/0.08=12.5).

[0071] In order to enhance the heart pulse signal, the
present invention utilizes the specific asymmetric shape
of the blood pressure pulse by adapting the filtering to
the fast rising phase of the signal, and thereby distin-
guishing the pulse signal component from the noise com-
ponent in the measured signal MS,. In order to prevent
disruption of the fast rising phase, the pass band of such
an adaptive filter has to include frequencies above
12.5Hz. As for the lower bound, 0.5Hz is a proper cut-off
frequency, since the heart rate goes down to the frequen-
cy of 0.67Hz, and below this value just a slow artifact
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takes place, being caused by respiration or motion.
[0072] To this end, a special DG Kernel is used based
on an analytic function in the form of the Derivative of a
Gaussian (DG). The DG Kernel (DGK) analytic equation
is:

[0073]

DGK(t) =

o\/—“”“’['i‘ }

[0074] wherein tand ¢ are the time and Gaussian width
parameters. These parameters of the DG Kernel function
should be matched to the pulse characteristics in order
to have the best SNR.

[0075] Fig. 12illustrates the function DGK(t). This kind
of kernel can advantageously function as a low pass filter
to thereby filter high frequency noise. Additionally, this
kernel can enhance the signal component in the meas-
ured signal when the signal component includes fast
slopes at a specific range. This is due to the fact that the
derivative operation of the filter is limited to its pass band
region. One pass operation of filtering and heart pulse
enhancement allow for real time fast determination of the
heart rate.

[0076] The parameters of this kernel can be adjusted
to enhance the systolic phase of the heart pulse signal
or even of the QRS segment in an ECG signal, since the
frequency content of the QRS segment includes frequen-
cies higher then the frequencies in other segments of the
ECG signal. Irrespective of that the shape of the ECG
signal is different from the shape of the heart pulse, the
DGK can be adapted to enhance the QRS segment rel-
ative to other segments in the ECG and to noise and
artifacts contained in the ECG measured signal. This
technique assists in the detection of the QRS segment,
as will be described more specifically further below. Due
to the fact that the signal processing according to the
invention utilizes the asymmetric property of the pulse
signal distinguishing it from other components (noise and
artifacts) in the measured signal, the improved signal-to-
noise ratio can be obtained, even when the noise and
artifact frequency content overlaps with the heart rate
frequency.

[0077] Thus, the present invention utilizes the Gaus-
sian analytic equation, calculation of the analytic deriva-
tive, digitization at the relevant signal sampling frequen-
cy, optimization of the length t of the Kernel and the Gaus-
sian width ¢ for the best performance, and then utilizes
the result parameters as a general Finite Impulse Re-
sponse (FIR) filter parameter. After filtering the measured
signal MS, with the DG Kernel parameters, the energy
in the measured signal related to the pulse is enhanced
in relation to other artifacts and noise. The general Fast
Fourier Transform can then be used to extract the heart
rate.
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[0078] Figs. 13A and 13B illustrate the experimental
results of applying a reflectance pulse oximeter to the
patient’s chest. Fig. 13A shows a graph H; presenting
the measured signal MS,. Here, respiration and other
motion disturbances are presented as relatively slow
changes in the signal base line. Heart signals are rela-
tively fast and characterized by periodic small changes
in the signal amplitude. Itis evident that artifacts are dom-
inant over the heart pulses, as they are about three to
four times larger. Fig. 13B illustrates a graph H, present-
ing the result of the filtering of the measured signal of
Fig. 13A with the DG Kernel parameters. Here, the heart
pulses are dominant. Although the pulse amplitudes are
modulated by the artifacts’ trend, signal-to-noise ratio is
significantly improved. As shown, small pulses that were
distorted in the signal of Fig. 13A by the artifacts, have
proper amplitudes in the signal of Fig. 13B.

[0079] Figs. 14A and 14B illustrate the spectra S, and
S, of the measured signal containing an asymmetrically
shaped signal component, respectively, prior to and after
thefiltering with DG Kernel parameters. Comparing these
spectrato each other, itis clearthatthe peak representing
the heart rate at 2.2Hz in much larger than the artifact
peaks after the DG Kernel filtering. In other words, the
DG Kernel filtering results in the enhancement of the
heart rate peak at about 2.2.Hz relative to other double
peaks.

[0080] Many medical procedures require detection of
the QRS segment of the ECG signal. The use of DG
Kernel parameters for filtering enables enhancement of
the QRS segment relative to other segments in the ECG
signal. Figs. 15A and 15B illustrate respectively, the typ-
ical ECG signal with QRS segment, respectively prior to
and after the filtering with the DG Kernel method, showing
that the QRS segments are enhanced in the filtered sig-
nal.

[0081] Turning back to Figs. 1E and 1F, the DG Kernel
method is applied to the measured signal after being fre-
quency-filtered to suppress noise having a frequency oth-
er than that of the heart pulse signal. In other words, DG
Kernel filtering is applied to the signal in which the noise
and artifacts frequency spectra overlap the heart rate fre-
quency spectrum. By this, pulse related information is
enhanced, and then a general spectrum method can be
applied to obtain the heart rate. The SpO, level is calcu-
lated using the envelope technique: The median of the
difference (E, - Ejoy) between the upper and lower en-
velope values is used for the pulse amplitude calculation
(AC component of the pulsatile blood-related signal). The
median of the upper envelope E,, is used for the calcu-
lation of the constant detected light (DC component of
the pulsatile blood-related signal). The so-obtained AC
and DC components are utilized to extract SpO, accord-
ing to any suitable conventional technique.

[0082] Those skilled in the art will readily appreciate
that various modifications and changes can be applied
to the embodiments of the invention as hereinbefore ex-
emplified without departing from its scope as defined in
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and by the appended claims.

Claims

1. A method for processing a first measured signal to
extract afirst signal componentand suppress anoise
component of the first measured signal, wherein the
first signal component is a substantially periodic sig-
nal characterized by a substantially well-defined
peak-to-peak intensity value, the method comprising
the steps of:

a) determining upper and lower envelopes of the
first measured signal; and
b) analyzing the upper and lower envelope val-
ues to extract the first signal component from
the first measured signal,

characterized in that the step of analyzing the up-
per and lower envelope values includes the step of
determining a median of the difference between the
upper and lower envelope values.

2. The method of claim 1, wherein the median is deter-
mined as an alternating value in the first signal com-
ponent.

3. The method of claim 1, wherein the median is deter-
mined as a constant value in the first signal compo-
nent.

4. The method as set forth in claim 1 or 2, wherein the
step of analyzing the upper and lower envelope val-
ues includes the step of determining a median of the
upper envelope values, as a constant value in the
first signal component.

5. The method as set forth in claim 1 or 2, wherein the
step of analyzing the upper and lower envelope val-
ues includes the step of determining a median of the
half of the sum of the upper and lower envelope val-
ues, as a constant value in thefirst signal component.

6. Themethodassetforthinany previous claim, where-
in the first measured signal is a physiological signal.

7. The method as set forth in claim 6, wherein the first
signal component is a pulsatile blood-related signal.

8. The method as set forth in claim 7, wherein the pul-
satile blood-related signal is indicative of oxyhemo-
globin saturation level.

9. Themethodassetforthinany previous claim, where-
in the measured signal is a response of a sample to
the application of an external field.
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The method as setforth in claim 9, wherein the meas-
ured signal is a light response of the sample to inci-
dent light.

The method as set forth in claim 9 or 10, wherein the
sample is biological.

The method as set forth in any previous claim, for
use with a measurement device for non-invasive
measurements of patient’s blood and heart condi-
tions, the first signal component being a pulsatile
blood-related signal and containing a second signal
component characterized by a specific asymmetric
shape, the method further comprising the steps of:

- defining a kernel function being a derivative of
a Gaussian with parameters matching the char-
acteristics of the second signal component with
the asymmetric shape; and

- applying spectral filtering to the measured sig-
nal with the kernel function, thereby enhancing
the second signal component characterized by
the specificasymmetric shape relative to a noise
component in the filtered signal, to thereby en-
able further processing of the enhanced pulse
signal to determine the heart rate.

The method as set forth in any previous claim, further
comprising the step of:

- providing said measured signal representative
of a response of the sample to an external field,
the measured signal comprising a signal com-
ponent indicative of a desired parameter, and a
noise component, the signal component being
asubstantially periodic signal characterized by
a substantially well-defined peak-to-peak inten-
sity value.

14. The method as set forth in claim 13, wherein the step

15.

16.

of providing the measured signal includes the step
of sampling and frequency filtering of the response.

The method of any previous claim, wherein said
measured signal further includes a second signal
component characterized by a specific asymmetric
shape, the method further comprising the step of:

- defining a kernel function being a derivative of
a Gaussian with parameters matching the char-
acteristics of the second signal component, and
processing the measured signal by filtering it
with the kernel function parameters, thereby en-
hancing the second signal component relative
to the noise component in the filtered measured
signal.

The method of any of claims 1 to 14, further com-
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prising the processing of a second measured signal
including a second signal component characterized
by a specific asymmetric shape, the method further
comprising the step of:

- defining a kernel function being a derivative of
a Gaussian with parameters matching charac-
teristics of the second signal component, and
processing the second measured signal by fil-
tering it with the kernel function parameters,
thereby enhancing the second signal compo-
nent relative to the noise component in the fil-
tered second measured signal.

The method as set forth in claim 16, wherein said
second measured signal is ECG, the second signal
component being representative of a QRS segment
in the ECG signal.

The method as set forth in any previous claim, further
comprising determining a parameter of the signal as
a function of the extracted signal component.

The method as setforthin any previous claim, where-
in the step of analyzing the upper and lower enve-
lopes includes the step of suppressing noise.

The method as set forth in any previous claim, in-
cluding the steps of applying an external field to a
sample and sensing the signal, wherein the signal
is a response of the sample to the external field.

The method as set forth in any previous claim, in-
cluding the steps of applying incident radiation to a
sample and sensing the signal, where the signal is
a response of the sample to the incident radiation.

An apparatus comprising:

(a) ameasurement device operable toilluminate
a measurement location with incident light of
predetermined frequencies, detect a light re-
sponse of the measurement location to said in-
cident light, and generate a measured signal in-
dicative thereof including a signal component;
and

(b) a control unit connectable to the measure-
ment device for receiving and processing the
measured signal, the control unit comprising a
data processing and analyzing utility prepro-
grammed to determine upper and lower enve-
lopes of the measured signal, and analyze the
upper and lower envelope values to extract said
signal component from a noise component in
the measured signal, wherein said analyzing
comprises determining a median of the differ-
ence between said upper and lower envelopes
of said measured signal as an AC component
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of the signal.

The apparatus as set forth in claim 22, wherein said
control unit is further preprogrammed to determine
amedian of the upper envelope values as a DC com-
ponent of the signal.

The apparatus as set forth in claim 22 or 23, wherein
said control unit is further preprogrammed to deter-
mine a median of a half of the sum of the upper and
lower envelope values as a DC component of the
signal component.

The apparatus as set forth in any of claims 22 to 24,
the measured signal comprising a signal component
characterized by a specific asymmetric shape, the
control unit being preprogrammed to process the
measured signal by filtering it with a predefined ker-
nel function being a derivative of a Gaussian with
parameters matching the characteristics of said sig-
nal component, thereby enhancing said signal com-
ponent characterized by the specific asymmetric
shape relative to a noise component in the filtered
measured signal.

The apparatus as set forth in any of claims 22 to 25,
wherein said measured signal is a pulsatile blood-
related signal.

The apparatus as set forth in any of claims 22 to 26,
wherein said apparatus is a pulse oximeter.

A computer program storage device readable by a
machine, comprising a program of instructions exe-
cutable by a machine to perform method steps of
any of claims 1 to 21.

Patentanspriiche

1.

Verfahren zur Verarbeitung eines ersten gemesse-
nen Signals, um eine erste Signalkomponente zu
extrahieren und eine Rauschkomponente des ersten
gemessenen Signals zu unterdriicken, wobei die er-
ste Signalkomponente ein im Wesentlichen periodi-
sches Signal ist, gekennzeichnet durch einen im
Wesentlichen wohldefinierten Spitze-Spitze-Intensi-
tatswert, wobei das Verfahren die Schritte umfasst:

a. Bestimmen der oberen und unteren Einhul-
lenden des ersten gemessenen Signals; und
b. Analysieren der oberen und unteren Einhil-
lendenwerte, um die erste Signalkomponente
aus dem ersten gemessenen Signal zu extra-
hieren,

dadurch gekennzeichnet, dass der Schritt des
Analysierens der oberen und unteren Einhdllenden-
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werte den Schritt des Bestimmens eines Medians
der Differenz zwischen den oberen und unteren Ein-
hillendenwerten einschlief3t.

Verfahren nach Anspruch, wobei der Median als ein
alternierender Wert in der ersten Signalkomponente
bestimmt wird.

Verfahren nach Anspruch 1, wobei der Median als
ein konstanter Wert in der ersten Signalkomponente
bestimmt wird.

Verfahren nach Anspruch 1 oder 2, wobei der Schritt
des Analysierens der oberen und unteren Einhllen-
denwerte den Schritt des Bestimmens eines Medi-
ans der oberen Einhullendenwerte als einen kon-
stanten Wert in der ersten Signalkomponente ein-
schlief3t.

Verfahren nach Anspruch 1 oder 2, wobei der Schritt
des Analysierens der oberen und unteren Einhullen-
denwerte den Schritt des Bestimmens eines Medi-
ans der Halfte der Summe des oberen und unteren
Einhillendenwerts als einen konstanten Wert in der
ersten Signalkomponente einschlief3t.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei das erste gemessene Signal ein physio-
logisches Signal ist.

Verfahren nach Anspruch 6, wobei die erste Signal-
komponente ein pulsierendes, blutbezogenes Si-
gnal ist.

Verfahren nach Anspruch 7, wobei das pulsierende,
blutbezogene Signal einen Oxyhamoglobin-Satti-
gungspegel anzeigt.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei das gemessene Signal eine Reaktion ei-
ner Probe auf die Anwendung eines aulReren Feldes
ist.

Verfahren nach Anspruch 9, wobei das gemessene
Signal eine Lichtreaktion der Probe auf einfallendes
Licht ist.

Verfahren nach Anspruch 9 oder 10, wobei die Probe
biologisch ist.

Verfahren nach einem der vorhergehenden Anspri-
che zur Verwendung mit einer Messvorrichtung fiir
nicht-invasive Messungen von Blut- und Herzbedin-
gungen eines Patienten, wobei die erste Signalkom-
ponente ein pulsierendes, blutbezogenes Signal ist
und eine zweite Signalkomponente einschliel3t, wel-
che durch eine spezifische asymmetrische Form ge-
kennzeichnet ist, wobei das Verfahren weiter die
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Schritte umfasst:

- Definieren einer Kernfunktion, welche eine Ab-
leitung einer GauBverteilung mit Parametern
darstellt, die mit den Merkmalen der zweiten Si-
gnalkomponente mit der asymmetrischen Form
Ubereinstimmen; und

- Anwenden von Spektralfilterung auf das ge-
messene Signal mit der Kernfunktion, wobei da-
durch die zweite Signalkomponente, welche
durch die spezifische, asymmetrische Form ge-
kennzeichnet ist, relativ zu einer Rauschkom-
ponente in dem gefilterten Signal verstarkt wird,
um dadurch eine weitere Verarbeitung des ver-
starkten Pulssignals zu ermdglichen, um die
Herzrate zu bestimmen.

Verfahren nach einem der vorhergehenden Anspru-
che, weiter umfassend den Schritt:

- Bereitstellen des gemessenen Signals, wel-
ches eine Reaktion der Probe auf ein dulleres
Feld wiedergibt, wobei das gemessene Signal
eine Signalkomponente, welche auf einen er-
wilinschten Parameter angibt und eine Rausch-
komponente umfasst, wobei die Signalkompo-
nente ein im Wesentlichen periodisches Signal
ist, welches durch einen im Wesentlichen wohl-
definierten Spitze-Spitze-Intensitatswert ge-
kennzeichnet ist.

Verfahren nach Anspruch 13, wobei der Schritt des
Bereitstellens des gemessenen Signals den Schritt
des Abtastens und FrequenZzfilterns der Reaktion
einschlief3t.

Verfahren nach einem der vorhergehenden Ansprii-
che, wobei das gemessene Signal weiter eine zweite
Signalkomponente einschlielt, welche durch eine
spezifische, asymmetrische Form gekennzeichnet
ist, wobei das Verfahren weiter den Schritt umfasst:

- Definieren einer Kernfunktion, welche eine Ab-
leitung einer GauBverteilung mit Parametern
darstellt, die mit den Merkmalen der zweiten Si-
gnalkomponente Ubereinstimmen, und Verar-
beiten des gemessenen Signals durch dessen
Filtern mit den Kernfunktions-Parametern, wo-
bei dadurch die zweite Signalkomponente re-
lativ zu der Rauschkomponente in dem gefilter-
ten gemessenen Signal verstarkt wird.

Verfahren nach einem der Anspriiche 1 bis 14, weiter
umfassend das Verarbeiten eines zweiten gemes-
senen Signals, welches eine zweite Signalkompo-
nente einschliel3t, welche durch eine spezifische
asymmetrische Form gekennzeichnet ist, wobei
das Verfahren weiter den Schritt umfasst:
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- Definieren einer Kernfunktion, welche eine Ab-
leitung einer GauRverteilung mit Parametern
darstellt, die mit den Merkmalen der zweiten Si-
gnalkomponente Ubereinstimmen, und Verar-
beiten des zweiten gemessenen Signals durch
dessen Filtern mit den Kernfunktions-Parame-
tern, wobei dadurch die zweite Signalkompo-
nente relativ zu der Rauschkomponente in dem
gefilterten zweiten gemessenen Signal ver-
starkt wird.

Verfahren nach Anspruch 16, wobei das zweite ge-
messene Signal ein EKG ist, wobei die zweite Si-
gnalkomponente ein QRS-Segment in dem EKG-Si-
gnal darstellt.

Verfahren nach einem der vorhergehenden Ansprii-
che, weiter umfassend Bestimmen eines Parame-
ters des Signals als eine Funktion der extrahierten
Signalkomponente.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei der Schritt des Analysierens der oberen
und unteren Einhillenden den Schritt eines Unter-
driickens von Rauschen einschlieft.

Verfahren nach einem der vorhergehenden Anspru-
che, einschlieRend den Schritt des Anlegens einer
auleren Feldes an die Probe und Erfassen des Si-
gnals, wobei das Signal eine Reaktion der Probe auf
das dulere Feld darstellt.

Verfahren nach einem der vorhergehenden Anspru-
che, einschlieBend den Schritt das Anlegens von
einfallender Strahlung auf die Probe und Erfassen
des Signals, wobei das Signal eine Reaktion der Pro-
be auf die einfallende Strahlung darstellt.

Vorrichtung, umfassend:

a. eine Messvorrichtung, welche betriebsfahig
ist, einen Messort mit einfallender Strahlung vor-
bestimmter Frequenzen zu beleuchten, eine
Lichtreaktion des Messorts auf das einfallende
Licht zu erfassen und ein entsprechendes ge-
messenes Signal zu erzeugen, welches eine Si-
gnalkomponente einschlief3t; und

b. eine Steuereinheit, welche mit der Messvor-
richtung verbindbar ist, um das gemessene Si-
gnal zu empfangen und zu verarbeiten, wobei
die Steuereinheit eine Datenverarbeitungs- und
Analysierungs-Dienstprogramm umfasst, wel-
ches vorprogrammiert ist, um die obere und un-
tere Einhillende des gemessenen Signals zu
bestimmen und die oberen und unteren Einhl-
lendenwerte zu analysieren, um die Signalkom-
ponente von einer Rauschkomponente in dem
gemessenen Signal zu extrahieren, wobei das
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Analysieren ein Bestimmen eines Medians der
Differenz zwischen der oberen und unteren Ein-
hullenden des gemessenen Signals als eine
AC-Komponente des Signals umfasst.

Vorrichtung nach Anspruch 22, wobei die Steuerein-
heit weiter vorprogrammiert ist, einen Median der
oberen Einhillendenwerte als eine DC-Komponente
des Signals zu bestimmen.

Vorrichtung nach Anspruch 22 oder 23, wobei die
Steuereinheit weiter vorprogrammiert ist, einen Me-
dian von der Halfte der Summe der oberen und un-
teren Einhlllendenwerte als eine DC-Komponente
der Signalkomponente zu bestimmen.

Vorrichtung nach einem der Anspriiche 22 bis 24,
wobeidas gemessene Signal eine Signalkomponen-
te einschlief3t, welche durch eine spezifische, asym-
metrische Form gekennzeichnet ist, wobei die
Steuereinheit vorprogrammiert ist, das gemessene
Signal durch dessen Filtern mit einer vorbestimmten
Kernfunktion zu verarbeiten, welche eine Ableitung
einer Gaul3verteilung mit Parametern darstellt, die
mit den Merkmalen der Signalkomponente Gberein-
stimmen, wobei dadurch die Signalkomponente,
welche durch die spezifische, asymmetrische Form
gekennzeichnet ist, relativ zu einer Rauschkompo-
nente in dem gefilterten gemessenen Signal ver-
starkt wird.

Vorrichtung nach einem der Anspriiche 22 bis 25,
wobei das gemessene Signal ein pulsierendes, blut-
bezogenes Signal ist.

Vorrichtung nach einem der Anspriiche 22 bis 26,
wobei die Vorrichtung ein Puls-Oximeter ist.

Computerprogramm-Speicher-Vorrichtung, welche
von einer Maschine lesbar ist, umfassend ein Pro-
gramm von Anweisungen, welche von einer Maschi-
ne ausfihrbar sind, um Verfahrensschritte aus ei-
nem der Anspriiche 1 bis 21 auszufiihren.

Revendications

Procédé de traitement d’un premier signal mesuré
afin d’extraire une premiére composante de signal
et de supprimer une composante de bruit du premier
signal mesuré, dans lequel la premiére composante
de signal est un signal sensiblement périodique ca-
ractérisé par une valeur d’intensité de créte a créte
sensiblement bien définie, le procédé comprenant
les étapes consistant a :

a) déterminer des enveloppes supérieure et in-
férieure du premier signal mesuré ; et
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b) analyser les valeurs d’enveloppes supérieure
et inférieure afin d’extraire la premiére compo-
sante de signal du premier signal mesuré,

caractérisé en ce que I'étape d’analyse des valeurs
d’enveloppes supérieure et inférieure comprend
I'étape de détermination d’'une médiane de la diffé-
rence entre les valeurs d’enveloppes supérieure et
inférieure.

Procédé selon la revendication 1, dans lequel la mé-
diane est déterminée comme une valeur alternative
dans la premiére composante de signal.

Procédé selon la revendication 1, dans lequel la mé-
diane est déterminée comme une valeur constante
dans la premiére composante de signal.

Procédé selon la revendication 1 ou 2, dans lequel
I'étape d’analyse des valeurs d’enveloppes supé-
rieure et inférieure comprend I'étape de détermina-
tion d’'une médiane des valeurs d’enveloppe supé-
rieure, comme une valeur constante dans la premié-
re composante de signal.

Procédé selon la revendication 1 ou 2, dans lequel
I'étape d’analyse des valeurs d’enveloppes supé-
rieure et inférieure comprend I'étape de détermina-
tion d’'une médiane de la moitié de la somme des
valeurs d’enveloppes supérieure et inférieure, com-
me une valeur constante dans la premiére compo-
sante de signal.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel le premier signal mesuré
est un signal physiologique.

Procédé selon la revendication 6, dans lequel la pre-
miére composante de signal est un signal lié a une
impulsion sanguine.

Procédé selon la revendication 7, dans lequel le si-
gnal lié a une impulsion sanguine indique un niveau
de saturation en oxyhémoglobine.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel le signal mesuré est une
réponse d'un échantillon a I'application d’'un champ
externe.

Procédé selon la revendication 9, dans lequel le si-
gnal mesuré est une réponse lumineuse de I'échan-

tillon a la lumiére incidente.

Procédé selon la revendication 9 ou 10, dans lequel
I'échantillon est biologique.

Procédé selon 'une quelconque des revendications
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précédentes, destiné a étre utilisé avec un dispositif
de mesure en vue de mesures non-invasives des
conditions sanguine et cardiaque d’un patient, la pre-
miére composante de signal étant un signal lié a une
impulsion sanguine et contenant une seconde com-
posante de signal caractérisée par une forme asy-
métriqgue spécifique, le procédé comprenant en
outre les étapes consistant a :

- définir une fonction de noyau qui est une déri-
vée d’une fonction gaussienne avec des para-
métres correspondant aux caractéristiques de
la seconde composante de signal ayant la forme
asymétrique ; et

- appliquer un filirage spectral au signal mesuré
avec la fonction de noyau, améliorant ainsi la
seconde composante de signal caractérisée
par la forme asymétrique spécifique par rapport
a une composante de bruit dans le signal filtré,
de fagon a permettre un autre traitement du si-
gnal d’'impulsion amélioré afin de déterminer le
rythme cardiaque.

Procédé selon I'une quelconque des revendications
précédentes, comprenant en outre |'étape consis-
tanta:

- fournir ledit signal mesuré représentant une
réponse de I'’échantillon a un champ externe, le
signal mesuré comprenant une composante de
signal indiquant un parametre souhaité, et une
composante de bruit, la composante de signal
étant un signal sensiblement périodique carac-
térisé par une valeur d’intensité de créte a créte
sensiblement bien définie.

Procédé selon la revendication 13, dans lequel I'éta-
pe consistant a fournir le signal mesuré comprend
I’étape d’échantillonnage et de filirage de fréquence
de la réponse.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel ledit signal mesuré com-
prend en outre une seconde composante de signal
caractérisée par une forme asymétrique spécifi-
que, le procédé comprenant en outre I'étape consis-
tanta:

- définir une fonction de noyau qui est une déri-
vée d’'une fonction gaussienne avec des para-
métres correspondant aux caractéristiques de
la seconde composante de signal, et traiter le
signal mesuré en le filtrant avec les paramétres
de la fonction de noyau, améliorant ainsi la se-
conde composante de signal par rapport a la
composante de bruit dans le signal mesuréfiltré.

Procédé selon I'une quelconque des revendications
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1 & 14, comprenant en outre le traitement d’un se-
cond signal mesuré comprenant une seconde com-
posante de signal caractérisée par une forme asy-
métrique spécifique, le procédé comprenant en
outre I'étape consistant a :

- définir une fonction de noyau qui est une déri-
vée d’une fonction gaussienne avec des para-
métres correspondant aux caractéristiques de
la seconde composante de signal, et traiter le
second signal mesuré en le filtrant avec les pa-
ramétres de la fonction de noyau, améliorant
ainsi la seconde composante de signal par rap-
port a la composante de bruit dans le second
signal mesuré filtré.

Procédé selon la revendication 16, dans lequel ledit
second signal mesuré est un électrocardiogramme,
la seconde composante de signal étant représenta-
tive d’'un segment QRS dans le signal d’électrocar-
diogramme.

Procédé selon I'une quelconque des revendications
précédentes, comprenant en outre la détermination
d’un paramétre du signal en fonction de la compo-
sante de signal extraite.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel I'étape d’analyse des en-
veloppes supérieure et inférieure comprend I'étape
de suppression du bruit.

Procédé selon 'une quelconque des revendications
précédentes, comprenant les étapes d’application
d’'un champ externe a un échantillon et de détection
du signal, dans lequel le signal est une réponse de
I’échantillon au champ externe.

Procédé selon 'une quelconque des revendications
précédentes, comprenant les étapes d’application
d’'un rayonnement incident a un échantillon et de dé-
tection du signal, dans lequel le signal est une ré-
ponse de I'’échantillon au rayonnement incident.

Appareil comprenant :

(a) un dispositif de mesure capable d’éclairer un
emplacement de mesure avec une lumiere inci-
dente ayant des fréquences prédéterminées, de
détecter une réponse lumineuse de 'emplace-
ment de mesure a ladite lumiére incidente, et de
générer un signal mesuré indiquant celui-ci
comprenant une composante de signal ; et

(b) une unité de commande pouvant étre reliée
au dispositif de mesure afin de recevoir et de
traiter le signal mesuré, l'unité de commande
comprenant un module de traitement et d’ana-
lyse de données préprogrammé afin de déter-



23.

24,

25.

26.

27.

28.

27 EP 1 424 934 B1

miner les enveloppes supérieure et inférieure
du signal mesuré, etd’analyser les valeurs d’en-
veloppes supérieure et inférieure afin d’extraire
ladite composante de signal d’'une composante
de bruitdans le signal mesuré, dans lequel ladite
analyse comprend la détermination d’'une mé-
diane de la différence entre lesdites enveloppes
supérieure et inférieure dudit signal mesuré
comme une composante CA du signal.

Appareil selon larevendication 22, dans lequel ladite
unité de commande est en outre préprogrammée
afin de déterminer une médiane des valeurs d’enve-
loppe supérieure comme une composante CC du
signal.

Appareil selon la revendication 22 ou 23, dans lequel
ladite unité de commande est en outre préprogram-
mée afin de déterminer une médiane d’'une moitié
de la somme des valeurs d’enveloppes supérieure
et inférieure comme une composante CC de la com-
posante de signal.

Appareil selon I'une quelconque des revendications
22 a 24, le signal mesuré comprenant une compo-
sante de signal caractérisée par une forme asymé-
trique spécifique, I'unité de commande étant prépro-
grammeée afin de traiter le signal mesuré en le filtrant
avec une fonction de noyau prédéfinie qui est une
dérivée d’'une fonction gaussienne avec des para-
métres correspondant aux caractéristiques de ladite
composante de signal, améliorant ainsi ladite com-
posante de signal caractérisée par la forme asy-
métrique spécifique par rapport a une composante
de bruit dans le signal mesuré filtré.

Appareil selon I'une quelconque des revendications
22 a 25, dans lequel ledit signal mesuré est un signal
lié¢ a une impulsion sanguine.

Appareil selon I'une quelconque des revendications
22 a 26, dans lequel ledit appareil est un sphygmo-
oxymetre.

Dispositif de stockage de programme informatique
lisible par une machine, comprenant un programme
d’instructions exécutables par une machine afin d’ef-
fectuer les étapes selon I'une quelconque des re-
vendications 1 a 21.
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