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Description
FIELD OF THE INVENTION

[0001] The invention relates to the optical analysis of
samples, for example a body part. Examples of optical
analysis include photoplethysmogram-based heart rate
derivation or determination of oxygenation of arterial
blood by pulse oximetry (Sp0O2).

BACKGROUND OF THE INVENTION

[0002] Photoplethysmograph (PPG) sensors such as
heart rate monitors or pulse oximeters are widely used
in medical, wellness and sports areas. They generally
use an artificial light source such as an LED that emits
light into the skin of a user. The emitted light is scattered
within the skin, where it is absorbed partially by blood.
Reflected or transmitted light exits the skin and is cap-
tured by a photodetector. As a consequence, the signal
of the photo detector is an indication of the blood volume.
When the blood stream pulsates, the blood volume in the
skin changes. Thus, the signal on the photodetector
changes directly in response to the pulsation. Hence, the
sensor measures directly a pulse of the user in the skin
and can thus determine the actual heart rate of the user
at a particular moment.

[0003] Blood oximeters, especially pulse oximeters,
are widely used for measuring oxygenation of blood of a
patient. They provide a simple non-invasive method for
monitoring the percentage of hemoglobin which is satu-
rated with oxygen. Continuous monitoring of oxygen sat-
uration via pulse oximetry is a standard care procedure
used in operating rooms, post anesthesia care units, crit-
ical care units and emergency departments.

[0004] A pulse oximeter typically comprises two light-
emitting diodes or a set of light emitting diodes that emit
light of different wavelengths, typically in the red and the
infrared part of the spectrum, respectively. The part of
the emitted light transmitted through or reflected by tissue
of a part of the patient’s body, typically a fingertip or an
ear lobe, is collected with a photodetector, usually a pho-
todiode.

[0005] Absorption of these different wavelengths dif-
fers between oxyhemoglobin and its deoxygenated form,
so that from the ratio of the collected red and infrared
light, the percentage of hemoglobin which is saturated
with oxygen can be determined.

[0006] In these current systems for optical heart rate
measurement and measurement of oxygen saturation,
an LED s typically used as the source of light. The signal-
to-noise ratio of the collected light signal (after reflection
or transmission by the sample) is limited by the signal to
noise ratio of the LED source. For this reason, a relatively
high quality LED driver is required. Typically, such LED
driver circuits require a signal-to-noise ratio of more than
80 dB.

[0007] As systems for optical heart rate and oxygen
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saturation measurement become more common, cost
becomes more important. For example, it is proposed to
use pulse monitoring systems in watches. Power con-
sumption therefore becomes more important as well.
[0008] Havingalower costand lower powerLED driver
becomes therefore more important. There is therefore a
need to enable a low cost and low power LED and LED
driver combination which enables signals of sufficiently
high signal to noise ratio to be obtained. The LED driver
is responsible for a significant part of the system cost and
system power so that reductions in the complexity of the
LED driver are particularly desirable. Similarly, a lower
cost driver for a laser diode will produce a more noisy
laser diode output, so that same issues arise for other
types of light source such as laser diodes.

[0009] US20140275878A1 discloses a physiological
monitoring system that determines an equalized physi-
ological signal. The system receives a light signal that
includes undesired signal features associated with a
channel response. The system equalizes the light signal
to mitigate the undesired signal features. The equaliza-
tion may be performed on an analog signal or a digital
signal. The equalization may include, for example, ap-
plyinganinverse response of the channel response, such
that undesired signal features are mitigated while signal
features associated with a subject are retained. The
equalization may be implemented with, for example, a
finite impulse response filter.

SUMMARY OF THE INVENTION

[0010] The invention is defined by appended claims
1-13.
[0011] According to examples in accordance with an

aspect of the invention, there is provided an optical anal-
ysis system, comprising:

a light source for illuminating a sample to be ana-
lyzed;

a driver for operating the light source;

a photodetector for receiving light reflected by or
transmitted through the sample to be analyzed and
generating a sensor signal;

a first signal processing circuit for processing the
sensor signal and which comprises a transimped-
ance amplifier;

a second signal processing circuit for processing an
electrical signal provided by the driver which is rep-
resentative of the drive signal applied to the light
source, wherein the second signal processing circuit
comprises a filter having a filter frequency charac-
teristic which corresponds to the frequency transfer
characteristic of the transimpedance amplifier; and
a compensation circuit for further processing the
sensor signal to improve the signal to noise ratio us-
ing the processed electrical signal.

[0012] The electrical signal provided by the driver func-
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tions as a monitor signal, which is indicative of the quality
of the light output, since it is based on the light source
driver signal. This monitor signal is processed with a
transfer function which as closely as possible corre-
sponds to the transfer function of the processing of the
photodetector signal. Thus, there is processing of the
light source drive signal purely in the electrical domain
as well as processing in a signal path which includes the
electro-optic conversion by the light source and the opto-
electric conversion by the photodetector. The further
processing of the sensor signal implements a cancella-
tion function, which is able to cancel out the noise caused
by the light source driver.

[0013] Thelightsource may comprise an LED arrange-
ment and the drive signal is a drive current driven through
the LED arrangement. The system is therefore able to
cancel out LED driver noise, such that a low cost and
low-power LED driver is enabled.

[0014] The first signal processing circuit comprises a
transimpedance amplifier. This performs a current to volt-
age conversion of the photodetector current.

[0015] The second signal processing circuit comprises
a filter having a filter frequency characteristic which cor-
responds to the frequency transfer characteristic of the
transimpedance amplifier. For example, the transimped-
ance amplifier typically has a low pass filter characteris-
tic, and the filter used for processing the electrical signal
is selected to provide a corresponding filtering function.
[0016] Thefirst signal processing circuit may comprise
a first integrator circuit and a first analog to digital con-
verter. The integrator is used to collect a signal over a
predetermined time duration. The second signal
processing circuit preferably comprises a second inte-
grator circuit which corresponds to the first integrator cir-
cuit and a second analog to digital converter. In this way,
the processing of the electrical signal and the processing
of the photodetector signal are matched as closely as
possible, so that any noise frequency spectrum present
in the photodetector signal has a counterpart in the proc-
essed electrical signal.

[0017] The first and second integrator circuits and the
first and second analog to digital converters are for ex-
ample controlled with the same timing signals.

[0018] The compensation circuit may comprise:

a normalizing circuit for normalizing the processed
electrical signal and providing a multiplier which is
the reciprocal of the normalized processed electrical
signal; and

a scaling element which provides a scaling factor
corresponding to the multiplier.

[0019] The normalizing circuit extracts the variations
in the processed electrical signal. By inverting these to
form a gain multiplier, any corresponding variations in
the processed photodetector signal are cancelled.

[0020] The electrical signal for example comprises a
voltage across a current sense resistor through which
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the current of the light source is passed. For example, it
provides a direct representation of an LED current, in-
cluding any noise caused by the LED driver.

[0021] Other electrical signals may be used. For ex-
ample, a current signal may be generated using a current
mirror. The signal processing paths for the photodetector
current and the mirrored current may again be matched.
[0022] The driver may comprise a drive transistor to
which a control voltage (transistor gate or base) is applied
to generate a current through the light source. This pro-
vides a basic driver architecture. Noise resulting from the
basic transistor circuit can be compensated by the circuit
design.

[0023] The system may be part of an oximeter or an
optical heart rate monitor. The oximeter or optical heart
rate monitor will of course include other functional units,
for example for processing the captured signals.

[0024] The invention also provides an optical analysis
method, comprising:

illuminating a sample to be analyzed using a light
source;

receiving light reflected by or transmitted through the
sample to be analyzed and generating a sensor sig-
nal in response thereto;

processing the sensor signal using a first signal
processing circuit which comprises a transimped-
ance amplifier;

processing an electrical signal which is representa-
tive of a drive signal applied to the light source using
a second signal processing circuit wherein the sec-
ond signal processing circuit comprises a filter hav-
ing a filter frequency characteristic which corre-
sponds to the frequency transfer characteristic of the
transimpedance amplifier; and

further processing the sensor signal to improve the
signal to noise ratio using the processed electrical
signal.

[0025] A processed electrical signal from the driver is
used to compensate for noise which has been introduced
into the optical signal (i.e. the LED output) by the light
source driver. The processing of the sensor signal and
the processing of the electrical signal may be based on
corresponding frequency transfer functions.

[0026] The further processing for example comprises
normalizing the processed electrical signal, providing a
multiplier which is the reciprocal of the normalized proc-
essed electrical signal, and providing a gain correspond-
ing to the multiplier.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027] Examples ofthe invention will now be described
in detail with reference to the accompanying drawings,

in which:

Figure 1 shows a basic LED driver which may be
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used as part of the optical analysis system;

Figure 2 shows an optical analysis system;

Figure 3 shows timing diagrams to explain the oper-
ation of the circuit of Figure 3;

Figure 4 shows timing diagrams to demonstrate the
benefit of the circuit of Figure 3; and

Figure 5 shows an optical analysis method.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0028] The invention provides an optical analysis sys-
tem and method in which a sample is analyzed using a
light source. An optical sensor signal is processed using
a first signal processing circuit and an electrical signal,
which is representative of the drive signal (e.g. drive cur-
rent) applied to the light source, is processed using a
second signal processing circuit. The sensor signal is
further processed to improve the signal to noise ratio us-
ing the processed electrical signal as a reference.
[0029] Figure 1 shows an example of a simple imple-
mentation of an LED driver 10 for generating a drive cur-
rent which flows through a light source in the form of an
LED arrangement 12. The driver 10 comprises a drive
transistor 16 to which a controlled base voltage is applied
to generate a current through the LED arrangement. A
regulation voltage Vg is applied to the non-inverting
input of an operational amplifier 14, and the emitter volt-
age is fed back to the inverting input of the amplifier 14.
[0030] The drive current || ;n passes through a sense
resistor 18 (of resistance R), and the voltage across the
sense resistor 18 functions as a monitor signal Vygy-
[0031] The operational amplifier regulates the voltage
across the resistor 18 such that it is equal to the regulation
voltage VRgg.

[0032] The signal to noise ratio of the drive current typ-
ically is desired to be greater than 80 dB. For this to hap-
pen, the signal to noise ratio of Vggg must be at least as
high. Also, the supply voltage Vanopg must be from a
regulated source, such that it does not drop too low, that
is: Vanope > lLep "R+ Vee *+ Vigp.

[0033] V| gp is the voltage drop over the LED and Vg
is the collector-emitter voltage of the transistor.

[0034] Generally, a boost converter is required to gen-
erate Vanopg- The boost converter must be designed
such that sufficient voltage is generated under all circum-
stances, including peak currents.

[0035] The monitor signal Vo is proportional to the
LED current | gp. Any decrease in signal to noise ratio
of the LED current is represented in this monitor signal.
If there is noise in Vggg, then the noise will be in the LED
current and therefore also in the monitor signal. If Vanopg
temporarily drops too low then it will cause noise in the
LED current and therefore also in the monitor signal.
[0036] If a small current sense resistor 18 is desired,
anamplifiermay be used increase the amplitude of Vg
[0037] The invention provides a system which relaxes
the requirements on the supply and control voltages used
in the driver circuit of Figure 1 by providing active can-
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cellation of signal noise.

[0038] Figure 2 shows a diagram of the system.
[0039] TheLED arrangement 12 emits pulsed lightand
a photodetector (e.g. a photodiode) 22 collects the light
after reflection or transmission through a sample 23 to
be analyzed, which is typically a finger, ear lobe, wrist or
other body part.

[0040] The photodetector 22 generates afirst electrical
current signal s1 which is amplified by a transimpedance
amplifier (TIA) 24. This performs a current to voltage con-
version and amplification to generate voltage signal s2.
[0041] The amplifier 24 has a low-pass behavior.
[0042] The signal pulse s2 is integrated using a main
integrator 26 to generate signal s3. The integration is
timed synchronously with the generation of the light
pulse. This timing is shown as 27.

[0043] Afterintegration, the mainsignal s3is converted
to digital form by an A/D converter 30, resulting in digital
signal d1.

[0044] Inaddition tothe main integrator 26, an ambient
signal integrator 28 is used to integrate the signal detect-
ed by the photodetector at times when the LED pulse is
off. This ambient light signal is subtracted from the main
signal in the A/D converter block 30 prior to A/D conver-
sion. This aspect is not relevant for the noise cancellation
method described below, which concerns only the time
periods of operation of the LED driver.

[0045] The amplifier 24, integrators 26,28 and analog
to digital converter 30 may together be considered to
define a first signal processing circuit for processing the
sensor (i.e. photodetector) signal.

[0046] Noise from the LED driver will be present in sig-
nal d1. The sampling rate of signal d1 is equal to the
sampling rate of the timing generator, which may for ex-
ample be 128 Hz. The noise in the LED driver may typ-
ically have higher frequencies than the sampling rate.
However, this noise folds back into signal d1 due to alias-
ing. This means that wideband noise in the LED driver
may cause the signal d1 to be noisy.

[0047] The monitor signal Vy,qon from the LED driver
10 is fed into a separate monitor channel. This signal is
shown as s4.

[0048] The monitor channel comprises a low pass filter
34, a monitor signal integrator 36 and an A/D converter
38.

[0049] The low pass filter 34 has the same low pass
characteristic as the transconductance amplifier 24.
More generally, the filter 34 has a filter frequency char-
acteristic which corresponds to the frequency transfer
characteristic of the transimpedance amplifier.

[0050] The signals s1and s4 will of course be different.
Signal s1 will contain additional noise resulting from the
electrical to optical conversion, from the optical to elec-
trical conversion and from the optical signal path. These
additional noise sources will not be cancelled out. Exam-
ples of sources of such noise include ambient light, var-
iations in optical contact, motion artifacts, etc. However,
the tissue being analyzed remains a linear medium and
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as such the LED current variations directly translate into
variations of s1. There is thus not a significant frequency
transfer function resulting from the light interaction with
the sample.

[0051] The monitor integrator 36 has the same char-
acteristic as the main integrator 26 and runs synchro-
nously withit, using the same timing signal 27. As aresult,
the noise in the processed and digitized monitor signal
d2 is proportional to the noise in the processed and dig-
itized sensor signal d1, including any noise due to alias-
ing. This is the case because the noise in the monitor
signal s4 is proportional to the noise in the light signal
s1, and the frequency transfer function characteristics of
the monitor channel and main sensor channel are de-
signed to be the same. The monitor channel and main
sensor channel are operated synchronously.

[0052] Thesignald2is normalized so thatit has a unity
DC level with a noise signal superposed over the top. A
reciprocal is then taken. These steps are carried out in
the processing block 40. The signal is normalized by low
pass filtering to extract the DC content, and scaling is
carried out as a function of the DC level. The reciprocal
value is then taken. The processing block 40 may thus
be considered to be a normalizing circuit. In practice, this
normalizing comprises digital signal processing and the
processing block is for example a digital signal processor.
[0053] The output of the processing block 40 is a mul-
tiplier m1, anditis used to control a variable gain amplifier
32, which multiplies the signal d1 with the multiplier m1
to yield the output "out". This variable gain amplifier 32
may be considered to be scaling element, in that it may
apply a gain of less than unity or greater than unity. The
multiplier m1 is then a scaling factor.

[0054] The processing block 40 and the variable gain
element 32 may together be considered to define a com-
pensation circuit which further processes the sensor sig-
nal d1 to improve the signal to noise ratio using the proc-
essed electrical signal d2.

[0055] The LED driver noise is thus cancelled out.
[0056] Figure 3 shows waveforms during an LED
pulse.

[0057] The top graph shows the signals in the main
channel, in particular the input s1 to the transimpedance
amplifier 24, the output s2 of the transimpedance ampli-
fier, and the output s3 of the main integrator 26.

[0058] The gain of the transimpedance amplifier is
clearly seen as well as the integration function.

[0059] The bottom graph shows the signals in the mon-
itor channel, in particular the monitor signal s4 (i.e. Vyon
in Figure 1), the output s5 of the low pass filter 34 and
the output s6 of the monitor integrator 36.

[0060] The filtering function can be seen, with a reduc-
tion in high frequency ripple.

[0061] The switches of the main integrator 26 and the
monitor integrator 36 are closed from t ~ 5.8x104 to
7.5x104s. During this interval, both the filtered monitor
signal s5 and the transimpedance amplifier output signal
s2 are integrated.
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[0062] Figure 4 shows the signals d1, d2 and "out".
[0063] The signal d1 is the sensed signal including a
noise component resulting from the LED driver noise.
Signal d2 is the signal with the corresponding noise as
processed in the monitor channel. Signal "out" is the sig-
nal in which the noise has been cancelled out.

[0064] Figure 4 shows that the signals d1 and d2 have
different magnitudes, as the two channels are not iden-
tical. The sensor signal includes amplification in the tran-
simpedance amplifier 24, and italso include the two opto-
electrical conversion steps as well as signal attenuation
in the sample. However, the frequency transfer charac-
teristics of the two channels to the noise component is
designed to be the same.

[0065] By normalizing the signal d2, the noise shape
is preserved and this noise shape is then used for can-
celling the corresponding noise present in the sensor sig-
nal d2. As shown, the resulting output signal is substan-
tially noise free.

[0066] In this way, an electrical processing channel
and an optical processing channel are combined to en-
able noise cancellation.

[0067] The invention can be applied to pulse oximetry
systems as explained above, but also to optical analysis
systems generally, where LED driver noise is an issue.
[0068] Apart from measuring heart rate and oxygen
saturation (SpO2), other blood constituents may be
measured such as glucose or total hemoglobin, carbox-
yhemoglobin, methemoglobin, perfusion index or pleth
variability index.. Itis also known that the respiration rate
can be derived from a PPG signal.

[0069] The sample being analyzed does not have to
be a body part. Systems which optically detect the pres-
ence or measure the concentration of other targets within
amedium, for example bacteria in a sample such as milk,
may also benefit from the improved signal to noise ratio
enabled by the invention.

[0070] The use of a voltage across a current sense
resistor as the electrical signal provided by the driver is
one example only. The electrical signal may be any signal
which includes the same noise as will be present in the
light output. The electrical signal may for example com-
prise a current from a current mirror.

[0071] The single transistor LED driver is only one ex-
ample of simple current driver circuit which may be used.
Other LED drivers may be used. For example, regulation
using an operational amplifier is not essential, and other
transistor circuits or diode-transistor circuits may be
used. The invention can be employed as long as an elec-
trical signal can be extracted from the driver which in-
cludes a noise component corresponding to the noise in
the optical output.

[0072] A heartrate monitor system based on PPG may
use only single wavelength of light, such as a green light
at 525nm wavelength. Such a device may function as a
reflective PPG sensor designed to be worn on the wrist.
[0073] A heartrate monitor may also make use of mul-
tiple wavelengths of light and the extra information may
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for example be used to reduce artifacts for example
caused by motion.

[0074] In pulse oximetry systems for measuring oxy-
gen saturation, the LED arrangement is typically for gen-
erating light in the red and infrared bands. The LED ar-
rangement may have separate LEDs for different fre-
quency bands or it may comprise a broad spectrum LED
for providing illumination in both bands. Similarly, the
photodetector is responsive to light in both bands, and it
may include separate detecting surfaces or a single
broadband detecting surface.

[0075] In most systems, red and infrared pulses are
sent in sequence (usually also with an intervening period
with no active illumination in order to measure the influ-
ence of ambient light), but the illumination may also be
simultaneous. There may then be two photodetectors
that have different sensitivity spectra.

[0076] When multiple wavelengths are time multi-
plexed, the circuitry shown in Figure 2 is basically repeat-
ed, apart from the wideband photodetector and transim-
pedance amplifier which may be shared across the wave-
lengths.

[0077] Figure 5 shows the method of optical analysis.
The process starts in step 50.

[0078] Instep 52, a sample to be analyzed is illuminat-
ed using a light source, such as an LED arrangement,
by applying a drive signal, for example by driving a current
through the LED arrangement.

[0079] In step 54, light reflected by or transmitted
through the sample to be analyzed is received by a pho-
todetector and a sensor signal is generated in response.
[0080] In step 56 the sensor signal is processed using
a first signal processing circuit.

[0081] In step 58 an electrical signal (provided by the
driver 10) which is representative of the drive signal ap-
plied to the light source, such as the current driven
through the LED arrangement, is processed using a sec-
ond signal processing circuit.

[0082] Instep 60 the sensor signalis further processed
to improve the signal to noise ratio using the processed
electrical signal. The process ends in step 62.

[0083] The light source is typically an LED arrange-
ment as described above, but a laser light source may
also be used such as a laser diode. This does not change
the way the noise cancellation functions. In particular,
noise in a drive signal applied to the laser diode (e.g. a
regulated current, a regulated voltage or a combination
thereof)_will cause noise in the optical output. The sys-
tem of the invention again enables this noise to be largely
cancelled. It will be seen that the drive signal may be a
current and/or a voltage.

[0084] The photodetector may be a single photodiode,
or an array of photodiodes, or another light sensing tech-
nology such as a charge coupled device.

[0085] Theinvention being entirely defined by append-
ed claims 1-13. Any reference signs in the claims should
not be construed as limiting the scope.
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Claims

1.

An optical analysis system, comprising:

a light source (12) for illuminating a sample to
be analyzed;

a driver (10) for operating the light source;

a photodetector (22) for receiving light reflected
by or transmitted through the sample to be an-
alyzed and generating a sensor signal;

a first signal processing circuit (24,26,28,30) for
processing the sensor signal and which com-
prises a transimpedance amplifier (24);

a second signal processing circuit (34,36,38) for
processing an electrical signal provided by the
driver (10) which is representative of the drive
signal applied to the light source,; and

a compensation circuit (32,40) for further
processing the sensor signal to improve the sig-
nal to noise ratio using the processed electrical
signal, characterized in that the second signal
processing circuit comprises a filter having a fil-
ter frequency characteristic which corresponds
to the frequency transfer characteristic of the
transimpedance amplifier.

A system as claimed in claim 1, wherein the first sig-
nal processing circuit comprises a first integrator cir-
cuit (26) and a first analog to digital converter (30).

A system as claimed in claim 2, wherein the second
signal processing circuit comprises a second inte-
grator circuit (36) which corresponds to the first in-
tegrator circuit (26) and a second analog to digital
converter.

A system as claimed in claim 3, wherein the first and
second integrator circuits and the first and second
analog to digital converters are controlled with the
same timing signals.

A system as claimed in any preceding claim, wherein
the compensation circuit comprises:

a normalizing circuit (40) for normalizing the
processed electrical signal and providing a mul-
tiplier which is the reciprocal of the normalized
processed electrical signal; and

a scaling element (32) which provides a scaling
factor corresponding to the multiplier.

A system as claimed in any preceding claim, wherein
the electrical signal comprises a voltage across a
currentsense resistor (18) through which a drive cur-
rent of the light source is passed.

A system as claimed in any preceding claim, wherein
the driver (10) comprises a drive transistor (16) to
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which a control voltage is applied to generate a cur-
rent through the light source.

A system as claimed in any preceding claim, com-
prising:

an oximeter; or
an optical heart rate monitor.

An optical analysis method, comprising:

illuminating a sample to be analyzed using a light
source;

receiving light reflected by or transmitted
through the sample to be analyzed and gener-
ating a sensor signal in response thereto;
processing the sensor signal using a first signal
processing circuit (24,26,28,30) which compris-
es a transimpedance amplifier (24);
processing an electrical signal which is repre-
sentative of a drive signal applied to the light
source using a second signal processing circuit
(34,36,38) wherein the second signal process-
ing circuit comprises a filter having a filter fre-
quency characteristic which corresponds to the
frequency transfer characteristic of the transim-
pedance amplifier; and

further processing the sensor signal to improve
the signal to noise ratio using the processed
electrical signal.

A method as claimedin claim 9, wherein the process-
ing of the sensor signal and the processing of the
electrical signal are based on corresponding fre-
quency transfer functions.

A method as claimed in claim 9 or 10, wherein the
processing of the sensor signal and the processing
of the electrical signal comprise signal integration
and analog to digital conversion, controlled with the
same timing signals.

A method as claimed in any one of claims 9 to 11,
wherein the further processing comprises normaliz-
ing the processed electrical signal, providing a mul-
tiplier which is the reciprocal of the normalized proc-
essed electrical signal, and providing a gain corre-
sponding to the multiplier.

A method as claimed in any one of claims 9 to 12 for
use in

an oximetry method; or

an optical heart rate monitoring method.

Patentanspriiche

1.

Optisches Analysesystem, umfassend:
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eine Lichtquelle (12) zur Beleuchtung einer zu
analysierenden Probe;

einen Treiber (10) zum Betreiben der Lichtquel-
le;

einen Photodetektor (22) zum Empfangen von,
von der zu analysierenden Probe reflektiertem
oder durch diese Ubertragenem Licht sowie zur
Erzeugung eines Sensorsignals;

eine  erste  Signalverarbeitungsschaltung
(24,26,28,30) zur Verarbeitung des Sensorsig-
nals, die einen Transimpedanzverstarker (24)
umfasst;

eine zweite Signalverarbeitungsschaltung
(34,36,38) zur Verarbeitung eines von dem Trei-
ber (10) bereitgestellten, elektrischen Signals,
das fiur das der Lichtquelle zugeflihrte Ansteu-
erungssignal reprasentativ ist; sowie

eine Kompensationsschaltung (32,40) zur wei-
teren Verarbeitung des Sensorsignals, um das
Signal-Rausch-Verhaltnis unter Verwendung
des verarbeiteten, elektrischen Signals zu ver-
bessern, dadurch gekennzeichnet, dass die
zweite Signalverarbeitungsschaltung einen Fil-
ter mit einer Filterfrequenzcharakteristik um-
fasst, die der Frequenziibertragungscharakte-
ristik des Transimpedanzverstarkers entspricht.

System nach Anspruch 1, wobei die erste Signalver-
arbeitungsschaltung eine erste Integratorschaltung
(26) und einen ersten Analog-Digital-Wandler (30)
umfasst.

System nach Anspruch 2, wobei die zweite Signal-
verarbeitungsschaltung eine zweite Integratorschal-
tung (36), die der ersten Integratorschaltung (26)
entspricht, sowie einen zweiten Analog-Digital-
Wandler umfasst.

System nach Anspruch 3, wobei die erste und zweite
Integratorschaltung und der erste und zweite Ana-
log-Digital-Wandler mit den gleichen Zeitsteue-
rungssignalen gesteuert werden.

System nach einem der vorangegangenen Anspri-
che, wobei die Kompensationsschaltung umfasst:

eine Normierungsschaltung (40), um das verar-
beitete, elektrische Signal zu normieren und ei-
nen Multiplikator bereitzustellen, welcher der
Kehrwert des normierten, verarbeiteten, elektri-
schen Signals ist; sowie

ein Skalierungselement (32), das einen Skalie-
rungsfaktor entsprechend dem Multiplikator vor-
sieht.

6. System nach einem der vorangegangenen Anspri-

che, wobei das elektrische Signal eine Spannung
Uber einen Strommesswiderstand (18) umfasst,
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durch den ein Ansteuerungsstrom der Lichtquelle
geleitet wird.

System nach einem der vorangegangenen Anspri-
che, wobei der Treiber (10) einen Ansteuertransistor
(16) umfasst, an den eine Steuerspannung angelegt
wird, um einen Strom durch die Lichtquelle zu erzeu-
gen.

System nach einem der vorangegangenen Anspri-
che, umfassend:

ein Oximeter; oder
einen optischen Herzfrequenzmonitor.

Optisches Analyseverfahren, wonach:

eine zu analysierende Probe unter Verwendung
einer Lichtquelle beleuchtet wird;

von der zu analysierenden Probe reflektiertes
oder durch diese ibertragenes Lichtempfangen
und in Reaktion darauf ein Sensorsignal erzeugt
wird;

das Sensorsignal unter Verwendung einer ers-
ten Signalverarbeitungsschaltung
(24,26,28,30), die einen Transimpedanzver-
starker (24) umfasst, verarbeitet wird;

ein elektrisches Signal, das fiir ein der Lichtquel-
le zugeflihrtes Ansteuerungssignal reprasenta-
tiv ist, unter Verwendung einer zweiten Signal-
verarbeitungsschaltung (34,36,38) verarbeitet
wird, wobei die zweite Signalverarbeitungs-
schaltung einen Filter mit einer Filterfrequenz-
charakteristik umfasst, welche der Frequenzi-
bertragungscharakteristik des Transimpedanz-
verstarkers entspricht; und

das Sensorsignal weiter verarbeitet wird, um
das Signal-Rausch-Verhaltnis unter Verwen-
dung des verarbeiteten, elektrischen Signals zu
verbessern.

Verfahren nach Anspruch 9, wobei die Verarbeitung
des Sensorsignals und die Verarbeitung des elekiri-
schen Signals auf entsprechenden Frequenziiber-
tragungsfunktionen basieren.

Verfahren nach Anspruch 9 oder 10, wobei die Ver-
arbeitung des Sensorsignals und die Verarbeitung
des elektrischen Signals Signalintegration und Ana-
log-Digital Umwandlung umfassen, die mit den glei-
chen Zeitsteuerungssignalen gesteuert werden.

Verfahren nach einemder Anspriiche 9 bis 11, wobei
die weitere Verarbeitung das Normieren des verar-
beiteten, elektrischen Signals, das Vorsehen eines
Multiplikators, der den Kehrwert des normierten, ver-
arbeiteten, elektrischen Signals darstellt, sowie das
Vorsehen eines Gains entsprechend dem Multipli-
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13.

kator umfasst.

Verfahren nach einem der Anspriiche 9 bis 12 zur
Anwendung in

einem Oximetrieverfahren; oder

einem optischen Herzfrequenziiberwachungsver-
fahren.

Revendications

1.

Systéme d’analyse optique, comprenant :

une source de lumiére (12) pour illuminer un
échantillon a analyser ;

un circuit de pilotage (10) pour mettre en oeuvre
la source de lumiére ;

un photodétecteur (22) pour recevoir la lumiéere
réfléchie par ou transmise a travers I’échantillon
a analyser et pour produire un signal de
capteur ;

un premier circuit de traitement de signal (24,
26, 28, 30) pour traiter le signal de capteur et
qui comprend un amplificateur d’adaptation
d'impédance (24) ;

un second circuit de traitement de signal (34,
36, 38) pour traiter un signal électrique fourni
par le circuitde pilotage (10) qui est représentatif
du signal de pilotage appliqué a la source de
lumiére ; et

un circuit de compensation (32, 40) pour traiter
davantage le signal de capteur afin d’améliorer
le rapport signal sur bruit en utilisant le signal
électrique traité, caractérisé en ce que le se-
cond circuit de traitement de signal comprend
un filtre ayant une caractéristique de fréquence
de filtre qui correspond a la caractéristique de
transfert de fréquence de I'amplificateur d’adap-
tation d'impédance.

Systéme selon la revendication 1, dans lequel le pre-
mier circuit de traitement de signal comprend un pre-
mier circuit intégrateur (26) et un premier convertis-
seur analogique/numérique (30).

Systéme selon la revendication 2, dans lequel le se-
cond circuit de traitement de signal comprend un se-
cond circuit intégrateur (36) qui correspond au pre-
mier circuit intégrateur (26) et un second convertis-
seur analogique/numérique.

Systéme selon la revendication 3, dans lequel les
premier et second circuits intégrateurs et les premier
et second convertisseurs analogique/numérique
sont commandés avec les mémes signaux de syn-
chronisation.

Systéme selon I'une quelconque des revendications
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précédentes, dans lequel le circuit de compensation
comprend :

un circuit de normalisation (40) pour normaliser
le signal électrique traité et fournir un multiplica-
teur qui est la réciproque du signal électrique
traité normalisé ; et

un élément de mise a I'échelle (32) qui fournit
un facteur de mise a I'échelle correspondant au
multiplicateur.

Systeme selon n’importe quelle revendication pré-
cédente, dans lequel le signal électrique comprend
une tension aux bornes d’une résistance de détec-
tion de courant (18) a travers laquelle un courant de
pilotage de la source de lumiére est passeé.

Systeme selon n’importe quelle revendication pré-
cédente, dans lequel le circuit de pilotage (10) com-
prend un transistor de pilotage (16) auquel une ten-
sion de commande est appliquée pour produire un
courant a travers la source de lumiere.

Systeme selon n’importe quelle revendication pré-
cédente, comprenant :

un oxymetre ; ou
un dispositif optique de surveillance de rythme
cardiaque.

Procédé d’analyse optique, comprenant :

lillumination d’un échantillon a analyser en uti-
lisant une source de lumiére ;

la réception de la lumiére réfléchie par ou trans-
mise a travers I'échantillon a analyser et la pro-
duction d’un signal de capteur en réponse a cel-
le-ci;

le traitement du signal de capteur en utilisant un
premier circuit de traitement de signal (24, 26,
28, 30) qui comprend un amplificateur d’adap-
tation d'impédance (24) ;

le traitement d’un signal électrique qui est repré-
sentatif d’'un signal de pilotage appliqué a la
source de lumiére en utilisant un second circuit
de traitement de signal (34, 36, 38) dans lequel
le second circuit de traitement de signal com-
prend un filtre ayant une caractéristique de fré-
quence de filtre qui correspond a la caractéris-
tique de transfertde fréquence de 'amplificateur
d’adaptation d’impédance ; et

le traitement en outre du signal de capteur afin
d’améliorer le rapport signal sur bruit en utilisant
le signal électrique traité.

10. Procédé selon la revendication 9, dans lequel le trai-

tement du signal de capteur et le traitement du signal
électrique sont basés sur des fonctions de transfert
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12.

13.

de fréquence correspondantes.

Procédé selon la revendication 9 ou 10, dans lequel
le traitement du signal de capteur et le traitement du
signal électrique comprennent I'intégration de signal
et la transformation analogique/numérique, com-
mandées avec les mémes signaux de synchronisa-
tion.

Procédé selon 'une quelconque des revendications
9 a 11, dans lequel le traitement supplémentaire
comprend la normalisation du signal électrique trai-
té, la fourniture d’un multiplicateur qui est la récipro-
que du signal électrique traité normalisé, et la four-
niture d’un gain correspondant au multiplicateur.

Procédé selon 'une quelconque des revendications
9 a 12 a utiliser dans :

un procédé d’'oxymétrie ; ou
un procédé de surveillance optique de rythme
cardiaque.
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