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Description

[0001] The presentinvention relates to oximeters, and
in particular to techniques for ambient light cancellation
in pulse oximeters.

[0002] Pulse oximetryis typically used to measure var-
ious blood flow characteristics including, but not limited
to, the blood-oxygen saturation of hemoglobin in arterial
blood, the volume of individual blood pulsations supply-
ing the tissue, and the rate of blood pulsations corre-
sponding to each heartbeat of a patient. Measurement
of these characteristics has been accomplished by use
of a non-invasive sensor which scatters light through a
portion of the patient’s tissue where blood perfuses the
tissue, and photoelectrically senses the absorption of
light in such tissue. The amount of light absorbed is then
used to calculate the amount of blood constituent being
measured.

[0003] The light scattered through the tissue is select-
ed to be of one or more wavelengths that are absorbed
by the blood in an amount representative of the amount
of the blood constituent present in the blood. The amount
of transmitted light scattered through the tissue will vary
in accordance with the changing amount of blood con-
stituent in the tissue and the related light absorption. For
measuring blood oxygen level, such sensors have typi-
cally been provided with a light source that is adapted to
generate light of at least two different wavelengths, and
with photodetectors sensitive to both of those wave-
lengths, in accordance with known techniques for meas-
uring blood oxygen saturation.

[0004] Known non-invasive sensors include devices
that are secured to a portion of the body, such as afinger,
an ear or the scalp. In animals and humans, the tissue
of these body portions is perfused with blood and the
tissue surface is readily accessible to the sensor.
[0005] One problem with oximeter measurements is
that in addition to receiving the light that was directed at
the tissue, ambient light is also detected by the photode-
tector. Attempts can be made to block out ambient light,
but some amount of ambient light will typically be detect-
ed. One particular concern is the light at the power line
frequency of fluorescent or other lights, which is 60 Hz
in the United States and 50 Hz in. Europe and other coun-
tries.

[0006] Since a single photodetector is typically used,
the light of different wavelengths, such as red and infra-
red, is time multiplexed. The detected signal must be
demultiplexed. The demultiplexing frequency must be
high enough so that it is much larger than the pulse rate.
However, choosing a demultiplexing frequency is also
impacted by the ambient light interference. One issue is
the aliasing of harmonics of the AC power line frequency.
U.S.Patent No. 5,713,355 discusses a technique of al-
tering the demultiplexing frequency depending upon the
amount of ambient interference detected at each fre-
quency.

[0007] U.S. Patent No. 5,885,213 discusses subtract-
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ing a dark signal (detected ambient light) from the de-
tected light signal. This is accomplished by leaving both
the red and infrared light emitters off, in between turning
them on, so that a "dark" signal supposedly composed
of the ambient light present can be detected. This can
then be subtracted from the desired signal. Other exam-
ples of patents dealing with the ambient light issue are
U.S. Patent No. 6,385,471, No. 5,846,190 and No.
4,781,195.

[0008] U.S. Patent No. 6,449,501 discusses using a
notch filter to filter out line frequency. However, the sam-
pling rate is described as being set to twice the funda-
mental frequency of the power line interference, leaving
higher harmonics of the power line interference as a prob-
lem, and it is unclear how the interference can be filtered
without filtering the modulation frequency. Another ex-
ample of anotchfilterbeingusedis setforthin U.S. Patent
No. 4,802,486, which uses a notch filter for the EKG sig-
nal. U.S Patent N0.2003/0028357 A1 uses a notch filter
in a pulse oximeter.

[0009] Itis an object of the invention to provide an ox-
imeter and a method of operating an oximeter which is
less susceptible to interference. This object can be
achieved by the features of the independent claims. Fur-
ther enhancements are characterized in the dependent
claims.

[0010] The present invention provides a pulse oxime-
ter method and apparatus according to claims 1 and 7
of the appended claims which provides (1) a notch filter
at a distance between a demodulation frequency and a
common multiple of commonly used power line frequen-
cies (50, 60, 100, and 120) and also (2) a demodulation
frequency greater than a highest pulse rate of a person
and lower than any harmonic of 50, 60, 100, or 120 Hz.
The invention thus allows the filtering of a significant
source of ambient light interference, while choosing an
optimum demodulation frequency that avoids interfer-
ence from the notch filter or from harmonics of the power
line interference.

[0011] In one embodiment, the common multiple is
1200, with the demodulation frequency 30 being between
5 and 20 Hz away from 1200, preferably approximately
1211 in one embodiment.

[0012] In this respect, U.S. Patent No. 5,645,060 dis-
closes alternation of LEDs at arate of 1200 Hz U.S Patent
No. 5, 368, 224 discloses a demultiplexer synchronized
with the sensor’s red and infrared light sources and sep-
arating the red and infrared portions of the photodetector
output for further processing by the oximeter, the funda-
mental of the demultiplexer being separated by at about
10-15 Hz from the frequency of the A.C. power supply
and harmonics thereof. According to the invention, dark
signals, or ambient light, are measured both before and
after each of the light emitter wavelengths (red and in-
frared in one embodiment). Instead of simply subtracting
one of the dark levels, the two dark levels are averaged
and then subtracted from the detected signal. This com-
pensates for a variation in ambient light during the de-
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tected signal, reducing the effect of power line interfer-
ence or any other low frequency interference.

[0013] In a an aspect of the present invention, digital
filtering and decimation are done in the digital domain.
When there is a change in a gain setting on the front end
hardware, or in the LED power, the filters are preloaded
to putvalues in theirmemory to correspond to an estimate
of the settled value of the output at the new gain or power
settings. This preloading speeds up when valid data will
be available at the output of the filter.

Figure 1 is a block diagram of an oximeter incorpo-
rating the present invention.

Figure 2 is a block diagram of a portion of the digital
manipulations in one 15 embodiment of the inven-
tion, including a notch filter.

Figure 3 is a diagram illustrating the multiple dark
levels that are averaged in an embodiment of the
invention.

Figure 4 is a diagram illustrating the preloading of
the digital filter and decimator according to an em-
bodiment of the present invention.

Overall System

[0014] Fig. 1 illustrates an embodiment of an oximetry
system incorporating the present invention. A sensor 10
includes red and infrared LEDs and a photodetector.
These are connected by a cable 12 to a board 14. LED
drive current is provided by an LED drive interface 16.
The received photocurrent from the sensor is provided
to an |-V interface 18. The IR and red voltages are then
provided to a sigma-delta interface 20 incorporating the
present invention. The output of sigma-delta interface 20
is provided to a microcontroller 22. Microcontroller 22
includes flash memory for a program, and EEPROM
memory for data. The oximeter also includes a micro-
processor chip 24 connected to a flash memory 26. Fi-
nally, a clock 28 is used and an interface 30 to a digital
calibration in the sensor 10 is provided. A separate host
32receives the processed information, as well as receiv-
ing an analog signal on a line 34 for providing an analog
display.

Notch Filter

[0015] Figure 2 shows an analog-to-digital converter
40 which provides a digital signal to be manipulated by
microcontroller 22 of Figure 1. The microprocessor would
include a demodulator 42, four stages of filter/decimators
44, a low pass filter with a notch 46, as well as other
blocks for digital manipulation of the signals and calcu-
lation of oxygen saturation as is well known in the art.
Only the red channel is shown after the demodulation,
but a similar channel is used for the IR signal.

[0016] Notchfilter 46 deals with power line interference
which, in the United States, comes from lights which op-
erate on 60 Hz or 120 Hz, depending upon the power
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requirements. Europe and other areas use 50 Hz and
100 Hz. A common multiple of 50, 60, 100, and 120 Hz
is 1200 Hz. The modulation bandwidth is chosen to be
higher than the highest possible human pulse rate, pref-
erably higher than 5 Hz. At the same time, it is chosen
to be lower than any harmonic of the power line interfer-
ence signals. Twenty hertzis chosen as adesirable upper
limit because a second harmonic of 2450 will alias in at
2025 Hz. In one embodiment, the modulation frequency
chosenis 1211.23 Hz. This is 11.23 Hz distant from 1200
Hz. (withinarange of 5-20 Hz). Accordingly, in a preferred
embodiment, a zero is provided in the notch filterat 11.23
Hz. The low pass filter with notch (46), in one S embod-
iment, is an 8 pole Bessel filter with a notch at 11.25 Hz.
[0017] The present invention thus provides an effec-
tive means of eliminating interference from power line
interference, such as the ripple on fluorescent lights
which can alias onto the detected signal. Although anti-
aliasing filters have been provided in hardware before a
demodulator, it is difficult to make these effective, and
thus there will be some residual line interference in the
detected signal to be dealt with in the digital domain.

Averaging Ambient Dark Levels to Reduce Low Frequen-
cy Interference

[0018] Figure 3 illustrates another aspect of the
present invention, reducing ambient interference by av-
eraging the ambient dark levels before and after a sam-
pling period to account for low frequency interference
from power lines or other sources. Fig. 3 shows a signal
at a sampling rate of 2400. The upward sloping line in
Fig. 3 is due to 60 Hz power line interference. It is desir-
able to eliminate the effect of this upward slope (which
will be downward on other parts of the 60 Hz (or 50 Hz,
etc.) signal.

[0019] Fig. 3 shows a detected signal during different
periods of modulation. The detected signal level is illus-
trated by a line 50. During a first dark period 52, neither
the red nor IR LED. are on, allowing a sampling of the
dark, or ambient, light. After this sampling, during a time
period 54, the red LED is turned on, with signal 50 rising
during this period as the red LED comes on to its full
intensity. During the time period 56, the detected signal
corresponds to the red LED being on.

[0020] After the red LED is turned off and the signal
decays during a period 58, a second 10 dark period 60
is sampled.

[0021] Subsequently; the IR LED is turned on during
a period 62, and sampled during a period 64. It is turned
off and the signal decays during a period 66, with a third
dark sample being taken during a period 68. The third
dark sample also corresponds to the fast dark period 52,
as the process repeats itself.

[0022] As can be seen from Fig. 3, if only one of the
dark levels is used, an inaccurate ambient level may be
measured if the ambient level is varying, such as due to
a low frequency interference. By averaging the dark pe-
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riods before and after the sampling period for a particular
wavelength, a more accurate measurement of the ambi-
ent dark level signal is obtained. For example, the ambi-
ent interference during the red modulation period 56 is
determined by measuring the dark 1 signal during period
52 and the dark 2 signal during period 60 and averaging
these signals. Similarly, for the infrared modulation peri-
od 64, the dark 2 signal during period 60 and the dark 3
signal during period 68 are averaged and subtracted from
the detected IR signal to eliminate the ambient interfer-
ence. All of these calculations are done in the digital do-
main by microcontroller 22 of Fig. 1.

Preloading Decimation and Bessel Filters

[0023] Fig. 4 illustrates another aspect of the present
invention where filters and software are preloaded. Be-
fore the analog input signal is processed through the sig-
ma-delta modulator and multi-bit analog digital converter,
it is typically amplified in a hardware amplifier 84. After
processing by the sigma-delta modulator 86 and conver-
sion into digital domain, it is decimated to reduce the
sample rate by a decimator 88 and filtered by a Bessel
filter 88. A controller 92 pre-loads the memories of the
Bessel filter and decimator with an estimate of what the
settled value of the output would be. This will significantly
reduce the settling time of the filter after a step change
in its input. Such a step change in the input can occur
from a change in the gain settings of the amplifier 84.
Alternately, a step change can be the result of a change
in the particular LED being activated, the power of the
LED, or other gain settings of the front end hardware.
Since the controller 92 would be activating such changes,
it will have the knowledge of when to pre-load the filter
and decimator with the appropriate values. Although
these are shown as blocks in Fig. 4, it is understood that
in the preferred embodiment this is done by a software
program which functions as controller 92, filter 88 and
decimator 90. This preloading of the filter and decimator
provides that valid data is available sooner by shortening
the settling time.

[0024] As will be understood by those skilled in the art,
the present invention may be embodied in other specific
forms without departing from the essential characteristics
thereof. For example, more than two different wave-
lengths of light could be used. Alternately, a different de-
modulation frequency could be chosen. In addition, the
notch filtering can be done either before or after other
digital processing of the detected signal. Accordingly, the
foregoing description is intended to be illustrative, but not
limiting, of the scope of the invention which is set forth in
the following claims.

Claims

1. Amethod foroperating a pulse oximeter, comprising:
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alternately generating light at two wavelengths
using a modulation frequency that is a predeter-
mined distance from a common multiple of 50,
60, 100, and 120;

said predetermined distance being greater than
a highest pulse rate of a person and lower than
adistance of any harmonic of 50, 60, 100, or 120;
directing said light at a tissue site;

detecting a detected light signal scattered off
said tissue site;

notch filtering said detected light signal at a fre-
quency at said common multiple, wherein

said modulation frequency is used to alternate
between a first period of light of said first wave-
length being generated, a dark period of no light
being generated, and a second period of light of
said second wavelength being generated;
estimating a first level of ambient light in said
detected light signal during said first period by
averaging an amount of said detected light sig-
nal in said dark periods before and after said
first period;

subtracting said first estimated level of ambient
light from said detected first period light signal;
estimating a second level of ambient light in said
detected light signal during said second period
by averaging an amount of said detected light
signal in said dark periods before and after said
second period,

and

subtracting said second estimated level of am-
bient light from said detected second period light
signal.

The method of claim 1, further comprising:

digitizing said detected light signal to provide a
digitized signal; and

said notch filtering being performed on said dig-
itized signal.

The method of claim 1 or 2, wherein said common
multiple is 1200.

The method according to one of the preceding
claims, wherein said predetermined distance is be-
tween 5 and 20 hertz.

The method according to one of the preceding
claims, wherein said predetermined distance is ap-
proximately 11 hertz.

The method according to one of the preceding
claims, wherein said notch filtering is performed by

providing a zero in a digital filter at said distance,

A pulse oximeter, comprising:
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at least one light emitter (10);

a control circuit (16) for alternately generating
light at two wavelengths from said at least one
light emitter using a modulation frequency that
is a predetermined distance from a common
multiple of 50, 60, 100, and 120;

said predetermined distance being greater than
a highest pulse rate of a person and lower than
adistance of any harmonic of 50, 60, 100, or 120;
a detector for detecting a detected light signal
scattered off a tissue site;

a processing circuit for processing said detected
light signal, said processing circuit including a
notch filter (46) configured to filter said detected
light signal at a frequency at said common mul-
tiple,

said control circuit (16) being configured to al-
ternate between afirst period of light of said first
wavelength being generated, a dark period of
no light being generated, and a second period
of light of said second wavelength being gener-
ated;

said processing circuit being configured to esti-
mate afirst level of ambient light in said detected
light signal during said first period by averaging
an amount of said detected light signal in said
dark periods before and after said first period
and to correct said detected light signal during
said first period by subtracting said first estimat-
ed level of ambient light from said detected light
of said first period, and estimate a second level
of ambient light in said detected light signal dur-
ing said second period by averaging an amount
of said detected light signal in said dark periods
before and after said second period and to cor-
rect said detected light signal during said second
period by subtracting said second estimated lev-
el of ambient light from said detected light of said
second period.

The pulse oximeter of claim 7, further comprising:

an analog-to-digital converter (40) for digitizing
said detected light signal to provide a digitized
signal; and

said notch filter (46) being a digital filter.

The pulse oximeter of claim 7 or 8, wherein said com-
mon multiple is 1200.

The pulse oximeter according to one of the preceding
claims 7-9, wherein said predetermined distance is
between 5 and 20 hertz.

The pulse oximeter according to one of the preceding
claims 7-10, wherein said predetermined distance is
approximately 11 hertz.
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12. The pulse oximeter accordingto one ofthe preceding
claims 7-11, wherein said notch filter (46) provides
a zero in a digital filter at said distance.

Patentanspriiche

Verfahren zum Betreiben eines Pulsoxymeters, um-
fassend:

abwechselnd Erzeugen von Licht bei zwei Wel-
lenlangen mittels einer Modulationsfrequenz,
die bei einem vorbestimmten Abstand von ei-
nem gemeinsamen Vielfachen von 50, 60, 100
und 120 ist;

wobei der vorbestimmte Abstand groRer als ei-
ne héchste Pulsrate einer Person und niedriger
als ein Abstand einer beliebigen Oberwelle von
50, 60, 100 oder 120 ist;

Richten des Lichts auf eine Gewebestelle,
Detektieren eines detektierten Lichtsignals, das
von der Gewebestelle weg gestreut wird;
Kerbfiltern des detektierten Lichtsignals bei ei-
ner Frequenz bei dem gemeinsamen Vielfa-
chen, wobei

die Modulationsfrequenz verwendet wird, um
zwischen einer ersten Periode von Licht der er-
sten Wellenléange, das erzeugt wird, einer Dun-
kelperiode, wobei kein Licht erzeugt wird, und
einer zweiten Periode von Lichtder zweiten Wel-
lenlange, das erzeugt wird, zu wechseln;
Schéatzen eines ersten Niveaus von Umge-
bungslicht im detektierten Lichtsignal wahrend
der ersten Periode durch Mittelwertbildung einer
Menge des detektierten Lichtsignals in den Dun-
kelperioden vor und nach der ersten Periode;
Subtrahieren des ersten geschatzten Niveaus
von Umgebungslicht vom detektierten Lichtsi-
gnal der ersten Periode;

Schatzen eines zweiten Niveaus von Umge-
bungslicht im detektierten Lichtsignal wahrend
der zweiten Periode durch Mittelwertbildung ei-
ner Menge des detektierten Lichtsignals in den
Dunkelperioden vor und nach der zweiten Peri-
ode, und

Subtrahieren des zweiten geschatzten Niveaus
von Umgebungslicht vom detektierten Lichtsi-
gnal der zweiten Periode.

2. Verfahren nach Anspruch 1, ferner umfassend:

Digitalisieren des detektierten Lichtsignals, um
ein digitalisiertes Signal bereitzustellen; und
wobei das Kerbfiltern bezlglich des digitalisier-
ten Signals durchgefiihrt wird.

3. Verfahren nach Anspruch 1 oder 2, bei welchem das
gemeinsame Vielfache 1200 ist.
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Verfahren nach einem der vorherigen Anspriiche,
bei welchem der vorbestimmte Abstand zwischen 5
und 20 Hertz ist.

Verfahren nach einem der vorherigen Anspriiche,
bei welchem der vorbestimmte Abstand annéhernd
11 Hertz ist.

Verfahren nach einem der vorherigen Anspriiche,
bei welchem das Kerbfiltern durch Bereitstellen einer
Null in einem Digitalfilter bei dem Abstand durchge-
flhrt wird.

Pulsoxymeter, umfassend:

zumindest einen Lichtemitter (10);

eine Steuerschaltung (16) zum abwechselnden
Erzeugen von Licht bei zwei Wellenlangen von
dem zumindest einen Lichtemitter mittels einer
Modulationsfrequenz, die bei einem vorbe-
stimmten Abstand von einem gemeinsamen
Vielfachen von 50, 60, 100 und 120 ist;

wobei der vorbestimmte Abstand gréRer als ei-
ne héchste Pulsrate einer Person und niedriger
als ein Abstand einer beliebigen Oberwelle von
50, 60, 100 oder 120 ist;

einen Detektor zum Detektieren eines detektier-
ten Lichtsignals, das von einer Gewebestelle
weg gestreut wird;

eine Verarbeitungsschaltung zum Verarbeiten
des detektierten Lichtsignals, wobei die Verar-
beitungsschaltung ein Kerbfilter (46) umfasst,
das konfiguriert ist, um das detektierte Lichtsi-
gnal bei einer Frequenz bei dem gemeinsamen
Vielfachen zu filtern,

wobei die Steuerschaltung (16) konfiguriert ist,
um zwischen einer ersten Periode von Licht von
der ersten Wellenlange, das erzeugt wird, einer
Dunkelperiode, wobei kein Licht erzeugt wird,
und einer zweiten Periode von Licht bei der
zweiten Wellenldnge, das erzeugt wird, zu
wechseln;

wobei die Verarbeitungsschaltung konfiguriert
ist, um ein erstes Niveau von Umgebungslicht
im detektierten Lichtsignal wahrend der ersten
Periode zu schatzen durch Mittelwertbildung ei-
ner Menge des detektierten Lichtsignals in den
Dunkelperioden vor und nach der ersten Peri-
ode, und das detektierte Lichtsignal wahrend
der ersten Periode durch Subtrahieren des er-
sten geschéatzten Niveaus von Umgebungslicht
vom detektierten Lichtder ersten Periode zu kor-
rigieren, und ein zweites Niveau von Umge-
bungslicht im detektierten Lichtsignal wahrend
der zweiten Periode zu schatzen durch Mittel-
wertbildung einer Menge des detektierten Licht-
signals in den Dunkelperioden vor und nach der
zweiten Periode, und das detektierte Lichtsignal
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wahrend der zweiten Periode durch Subtrahie-
ren des zweiten geschéatzten Niveaus von Um-
gebungslicht vom detektierten Licht der zweiten
Periode zu korrigieren.

Pulsoxymeter nach Anspruch 7, ferner umfassend:

einen Analog-Digital-Umsetzer (40) zum Digita-
lisieren des detektierten Lichtsignals, um ein di-
gitalisiertes Signal bereitzustellen; und

wobei das Kerbfilter (46) ein Digitalfilter ist.

Pulsoxymeter nach Anspruch 7 oder 8, bei welchem
das gemeinsame Vielfache 1200 ist.

Pulsoxymeter nach einem der vorherigen Anspri-
che 7 bis 9, bei welchem der vorbestimmte Abstand
zwischen 5 und 20 Hertz ist.

Pulsoxymeter nach einem der vorherigen Anspri-
che 7 bis 10, bei welchem der vorbestimmte Abstand
annahernd 11 Hertz ist.

Pulsoxymeter nach einem der vorherigen Anspri-
che 7 bis 11, bei welchem das Kerbfilter (46) eine
Null in einem Digitalfilter bei dem Abstand bereit-
stellt.

Revendications

1.

Procédé pour faire fonctionner un oxymétre a impul-
sions, comprenant :

la génération de lumiére alternativement a deux
longueurs d’onde en utilisant une fréquence de
modulation qui est a une distance prédétermi-
née d’'un commun multiple de 50, 60, 100 et
120;

ladite distance prédéterminée étant supérieure
a un rythme cardiaque le plus élevé d’'une per-
sonne et inférieure a une distance de n'importe
quelle harmonique de 50, 60, 100 ou 120;
l'orientation de ladite lumiére sur un site de
tissu ;

la détection d’un signal lumineux diffusé a partir
dudit site de tissu ;

le filtrage a bande d’arrét étroite dudit signal lu-
mineux détecté a une fréquence au niveau dudit
commun multiple, dans lequel

ladite fréquence de modulation est utilisée pour
alterner entre une premiere période de lumiére
de ladite premiére longueur d’'onde qui est gé-
nérée, une période d’obscurité ou aucune lumie-
re n'est générée et une deuxiéme période de
lumiére de ladite deuxiéme longueur d’'onde qui
est générée ;

I'estimation d’un premier niveau de lumiére am-
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biante dans ledit signal lumineux détecté durant
ladite premiére période en faisant la moyenne
d’'une quantité dudit signal lumineux détecté
dans lesdites périodes d’obscurité avant et
apres ladite premiére période ;

la soustraction dudit premier niveau estimé de
lumiére ambiante dudit signal lumineux détecté
de premiére période ;

I'estimation d’'un deuxiéme niveau de lumiére
ambiante dans ledit signal lumineux détecté du-
rant ladite deuxieme période en faisant la
moyenne d’une quantité dudit signal lumineux
détecté dans lesdites périodes d’obscurité avant
et aprés ladite deuxiéme période,

et

la soustraction dudit deuxiéme niveau estimé de
lumiére ambiante dudit signal lumineux détecté
de deuxiéme période.

Procédé selon la revendication 1, comprenant en
outre :

la numérisation dudit signal lumineux détecté
pour fournir un signal numérisé ; et
leditfiltrage a bande d’arrét étroite étant effectué
sur ledit signal numérisé.

Procédé selon la revendication 1 ou 2, dans lequel
ledit commun multiple est 1200.

Procédé selon I'une des revendications précéden-
tes, dans lequel ladite distance prédéterminée est
entre 5 et 20 hertz.

Procédé selon I'une des revendications précéden-
tes, dans lequel ladite distance prédéterminée est
approximativement de 11 hertz.

Procédé selon I'une des revendications précéden-
tes, dans lequel ledit filtrage a bande d’arrét étroite
est effectué en fournissant un zéro dans un filtre nu-
mérique a ladite distance.

Oxymeétre a impulsions comprenant :

au moins un émetteur de lumiéere (10) ;

un circuit de commande (16) pour générer alter-
nativement de la lumiére a deux longueurs d’on-
de a partir dudit au moins un émetteur de lumiére
en utilisant une fréquence de modulation qui est
a une distance prédéterminée d’'un commun
multiple de 50, 60, 100 et 120 ;

ladite distance prédéterminée étant supérieure
a un rythme cardiaque le plus élevé d’'une per-
sonne et inférieure a une distance de n'importe
quelle harmonique de 50, 60, 100 ou 120 ; un
détecteur pour détecter un signal lumineux dif-
fusé a partir d’'un site de tissu ;
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un circuit de traitement pour traiter ledit signal
lumineux détecté, ledit circuit de traitement com-
prenant un filtre a bande d’arrét étroite (46) con-
figuré pour filtre ledit signal lumineux détecté a
une fréquence au niveau dudit commun multi-
ple,

ledit circuit de commande (16) étant configuré
pour alterner entre une premiere période de lu-
miére de ladite premiére longueur d’onde qui est
générée, une période d’obscurité ou aucune lu-
miére n’est générée et une deuxiéme période
de lumiére de ladite deuxieme longueur d’onde
qui est générée ;

ledit circuit de traitement étant configuré pour
estimer un premier niveau de lumiére ambiante
dans ledit signal lumineux détecté durant ladite
premiére période en faisant la moyenne d’'une
quantité dudit signal lumineux détecté dans les-
dites périodes d’obscurité avant et apres ladite
premiére période et

pour corriger ledit signal lumineux détecté du-
rant ladite premiére période en soustrayant ledit
premier niveau estimé de lumiére ambiante du-
dit signal lumineux détecté de ladite premiere
période, et estimer un deuxiéme niveau de lu-
miére ambiante dans ledit signal lumineux dé-
tecté durant ladite deuxiéme période en faisant
la moyenne d’'une quantité dudit signal lumineux
détecté dans lesdites périodes d’obscurité avant
et aprés ladite deuxieme période et pour corriger
ledit signal lumineux détecté durant ladite
deuxiéeme période en soustrayant ledit deuxié-
me niveau estimé de lumiére ambiante dudit si-
gnal lumineux détecté de ladite deuxieme pé-
riode.

Oxymetre a impulsions selon la revendication 7,
comprenant en outre :

un convertisseur analogique-numérique (40)
pour numériser ledit signal lumineux détecté
pour fournir un signal numérisé ; et

ledit filtre a bande d’arrét étroite (46) étant un
filtre numérique.

Oxymetre a impulsions selon la revendication 7 ou
8, dans lequel ledit commun multiple est 1200.

Oxymetre aimpulsions I'une des revendications pré-
cédentes 7-9, dans lequel ladite distance prédéter-
minée est entre 5 et 20 hertz.

Oxymetre aimpulsions I'une des revendications pré-
cédentes 7-10, dans lequel ladite distance prédéter-
minée est approximativement de 11 hertz.

Oxymeétre aimpulsions I'une des revendications pré-
cédentes 7-11, dans lequel ledit filtre a bande d’arrét
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étroite (46) fournit un zéro dans un filtre numérique
a ladite distance.
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