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Description

[0001] The present invention relates to techniques for
detecting heart pulses and reducing power consumption
in sensors and oximeter systems, and more particularly,
to techniques for distinguishing heart pulses in a sensor
signal from noise and adjusting drive current provided to
light emitting elements in response to a signal-to-noise
ratio of the pulse in order to reduce power consumption.
[0002] Pulse oximetry is a technology that is typically
used to measure various blood chemistry characteristics
including, but not limited to, the blood-oxygen saturation
of hemoglobin in arterial blood, the volume of individual
blood pulsations supplying the tissue, and the rate of
blood pulsations corresponding to each heartbeat of a
patient.

[0003] Measurementofthese characteristics has been
accomplished by use of a non-invasive sensor. The sen-
sor has a light source such as a light emitting diode (LED)
that scatters light through a portion of the patient’s tissue
where blood perfuses the tissue. The sensor also has a
photodetector that photoelectrically senses the absorp-
tion of light at various wavelengths in the tissue. The pho-
todetector generates a pulse oximeter signal that indi-
cates the amount of light absorbed by the blood. The
amount of light absorbed is then used to calculate the
amount of blood constituent being measured.

[0004] 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.
[0005] For measuring blood oxygen level, oximeter
sensors typically have a light source that is adapted to
generate light of at least two different wavelengths, and
with photodetectors sensitive to these wavelengths, in
accordance with Jmown techniques for measuring blood
oxygen saturation. A typical pulse oximeter will alternate-
ly illuminate the patient with red and infrared light using
two LEDs to obtain two different detector signals.
[0006] The pulse oximeter signal generated by the
photodetector usually contains components of noise in-
troduced by the electronics of the oximeter, by the patient,
and by the environment. Noisy signals have a low signal-
to-noise ratio. A pulse oximeter cannot accurately identify
the blood oxygen saturation when the signal-to-noise ra-
tio of the pulse oximeter signal is too low.

[0007] US 6, 356, 771 B1 discloses a method for op-
erating an oximeter sensor enabling a light emitter to be
operated at its maximum allowable intensity to maximize
a signal to noise ratio.

[0008] Toimprove the signal-to-noise ratio of the pulse
oximeter signal, a pulse oximeter system will typically
drive the LEDs with a large amount of current. A servo
in the pulse oximeter will typically drive as much current
as possible through the LEDs without causing the oxi-
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meter to be over-ranged (i.e., driven to full rail). The large
drive current causes the LEDs to generate more light and
to consume more power. Because the photodetector is
able to sense more of the light from the LEDs, the signal-
to-noise ratio of the pulse oximeter signal is higher.
[0009] Increasing the drive current of the LEDs to im-
prove the signal-to-noise ratio of the pulse oximeter sig-
nal causes the system to consume an undesirably large
amount of power. The large amount of power consump-
tion can be a problem for oximeter systems that are bat-
tery operated.

[0010] It would therefore be desirable to provide pulse
oximeter systems that consume less power without neg-
atively compromising the signal-to-noise ratio of the
pulse oximeter signal. This object can be achieved by
the features of the independent claims. Further enhance-
ments are characterized in the dependent claims.
[0011] The present invention provides CPU cycle effi-
cient techniques for sensing heart pulses in a signal from
a sensor. The sensor signal can be, for example, a pulse
oximeter signal generated by a photodetector in a pulse
oximeter sensor. The signal component of the sensor
signal is measured by identifying potential systolic tran-
sitions of the cardiac cycle. The systolic transitions are
detected using a derivative averaging scheme. The mov-
ing minimum and the moving maximum of the average
derivative are compared to a scaled sum of the minimum
and maximum to identify the systolic transitions. The
systolic transitions correspond to a signal component of
the sensor signal. The signal component is compared to
a noise component to determine the signal-to-noise ratio
of the signal.

[0012] The presentinvention also provides techniques
for reducing power consumption in a sensor. After the
signal-to-noise ratio of the pulse oximeter has been de-
termined, the signal-to-noise ratio is compared to a
threshold. In response to the output of the comparison,
the drive current of light emitting elements in the sensor
is dynamically adjusted to reduce power consumption
and to maintain the signal-to-noise ratio at an adequate
level for signal processing.

[0013] The presentinvention also provides techniques
for sensing and adjusting the gain of a transimpedance
amplifier to reduce the effect of ambient noise in a sensor.
A gain control feedback loop senses the magnitude of
the sensor signal when the light emitting elements are
off. The gain control loop can include this information to
effectively control the gain of the transimpedance ampli-
fier.

[0014] For a further understanding of the nature and
advantages of the invention, reference should be made
to the following description taken in conjunction with the
accompanying drawings.

Figure 1 illustrates a block diagram of a pulse oxi-
meter system with reduced power consumption ac-
cording to an embodiment of the present invention;
Figure 2 is a flow chart that illustrates a process for
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identifying the systolic period of a pulse oximeter sig-
nal according to an embodiment of the present in-
vention;

Figures 3A-3C are graphs that illustrates how systo-
lic transitions are identified in pulse oximeter signals
according to embodiments of the present invention;
and

Figure 4 illustrates a portion of a pulse oximeter sys-
tem with a transimpedance amplifier, a sigma-delta
modulator, an analog-to-digital converter, and a gain
control feedback loop according to an embodiment
of the present invention.

[0015] The techniques of the presentinvention can be
used in the context of a pulse oximeter system. A pulse
oximeter system receives a pulse oximeter signal from
a photodetector in a pulse oximeter sensor. Figure 1 il-
lustrates a block diagram of pulse oximeter system ac-
cording to an embodiment of the present invention. The
pulse oximeter system includes an oximeter sensor 101.
[0016] Anoximeter sensor of the presentinvention can
utilize any suitable number of light emitting elements. For
example, a sensor of the present invention can have 1,
2, 3, or4 light emitting elements. In the example of Figure
1, sensor 101 has two LEDs. 110 and 111 that emit two
different wavelengths of light.

[0017] Sensor 101 also includes photodetector 112
that senses light from LEDs 110 and 111 after the light
has passed through the patient’s tissue. The pulse oxi-
meter system also includes feedback loop circuitry 120
and LED drive interface 104. Feedback loop circuitry 120
includes pulse detection block 102 and threshold com-
parison block 103.

[0018] Photodetector 112 transmits the pulse oximeter
signal to pulse detection block 102. Pulse detection block
102 has a servo that measures the signal component of
the pulse oximeter signal by identifying the systolic tran-
sitions. The pulse detection block 102 and the threshold
comparison block 103 form a feedback loop 120 around
the sensor to control the drive current of the LEDs and
the signal-to-noise ratio of the pulse oximeter signal, as
will be discussed in detail below.

[0019] A cardiac pulse can be divided into a diastolic
and systolic period. The systolic period is typically char-
acterized by a rapid change in value due to the contrac-
tion of the heart. The diastolic period is typically charac-
terized by a gradual change in value, due to the relaxation
and refilling of the heart chambers.

[0020] Systolic transitions in the pulse oximeter signal
are detected using a three step maximum and minimum
derivative averaging scheme, which is discussed in fur-
ther detail below. Qualification routines are then used to
filter out false positives. The resulting data contains the
systolic transitions separated from the non-systolic peri-
ods in the pulse oximeter signal.

[0021] Pulse detection block 102 then compares the
amplitude of the systolic portion of the pulse oximeter
signal to a noise component to generate a value for the
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signal-to-noise ratio of the pulse oximeter signal. Subse-
quently, threshold comparison block 103 compares this
signal-to-noise ratio to a threshold level to determine
whether the signal-to-noise ratio is high enough such that
the pulse oximeter signal can be used to accurately cal-
culate pulse rate and oxygen saturation. Too much noise
obscures the pulse rate and oxygen saturation informa-
tion in the signal. Noise can degrade the signal to the
point that it cannot be used to accurately calculate pulse
rate or oxygen saturation.

[0022] Threshold comparison block 103 preferably
contains two hysteretic threshold levels. In this embodi-
ment, threshold comparison block 103 senses whether
the signal-to-noise ratio is greater than a maximum
threshold level or less than a minimum threshold level.
As an example, the maximum threshold level can repre-
sent a signal-to-noise ratio of 128:1, and the minimum
threshold level can represent a signal-to-noise ratio of 8:
1. These are merely two examples of thresholds levels.
They are not intended to limit the scope of the present
invention. Prior art oximeter systems, for example, oper-
ate at a signal-to-noise ratio of 10,000:1 or higher, be-
cause they drive the LEDs as bright as possible.

[0023] If the signal-to-noise ratio is greater than the
maximum threshold level, threshold comparison block
103 sends a signal to LED drive interface 104 to reduce
the LED current. Based on the value of the signal-to-
noise ratio, threshold comparison block 103 can deter-
mine how much the LED drive current needs to be re-
duced to decrease the signal-to-noise ratio while main-
taining the signal level within the minimum and maximum
threshold levels. LED drive interface 104 responds by
decreasing the LED drive current to the value indicated
by threshold comparison block 103.

[0024] The feedback loop continuously monitors the
signal-to-noise ratio of the pulse oximeter signal and dy-
namically adjusts the LED drive current and subsequent
system gain until the signal-to-noise ratio is less than the
maximum threshold. The oximeter system saves power
by substantially reducing the LED drive current (relative
to prior art systems), while maintaining the signal-to-
noise ratio of the pulse oximeter signal within an accept-
able range.

[0025] The signal-to-noise ratio can also drop too low
for a number of reasons. For example, the noise in the
pulse oximeter may increase, or the strength of the signal
component may decrease if the blood oxygen saturation
of the patient decreases. In any event, the system of Fig-
ure 1 senses when the magnitude of the pulse oximeter
signal is too low and increases the LED drive current
accordingly.

[0026] If the signal-to-noise ratio is less than the min-
imum threshold level, threshold comparison block 103
sends a signal to LED drive interface 104 to increase the
LED current. Based on the value of the signal-to-noise
ratio, the threshold comparison can determine how much
the LED drive current needs to be increased to increase
the signal-to-noise ratio while maintaining the signal with-
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inthe minimum and maximum threshold levels. LED drive
interface 104 responds by increasing the LED drive cur-
rent to the value indicated by the threshold comparison
system.

[0027] The feedback loop continuously monitors the
signal-to-noise ratio of the pulse oximeter signal and dy-
namically adjusts the LED drive current until the signal-
to-noise ratio is greater than the minimum threshold level.
The minimum threshold indicates a minimum allowable
value for the signal-to-noise ratio for which the pulse rate
and the oxygen saturation can be accurately calculated.
[0028] If the signal-to-noise ratio falls between the
maximum and minimum threshold levels, the oximeter
system maintains the LED drive current at a stable value.
The oximeter system maintains equilibrium until the sig-
nal-to-noise ratio of the pulse oximeter signal moves out-
side the range of the thresholds. Thus, an oximeter sys-
tem ofthe presentinvention contains a dynamic feedback
loop as shown in Figure 1. The dynamic feedback loop
automatically adjusts the drive current of the LEDs to
reduce power consumption in the sensor and to maintain
the signal-to-noise ratio at an acceptable level for the
purpose of accurately calculating blood oxygen satura-
tion levels.

[0029] According to a preferred embodiment of the
present invention, the hardware for the servo in pulse
detection block 102 maintains a predictable relationship
between the power that LED drive 104 attempts to the
drive the LEDs at and the radiated output power actually
generated by the LEDs. By providing a predictable rela-
tionship between the input and output power, the feed-
back loop is more likely to acquire the oxygen saturation
from the pulse oximeter signal in significantly less time,
requiring less executions of the servo.

[0030] As the gain of the pulse oximeter signal is in-
creased, the signal component generally increases fast-
er than the noise component (at least to a point below
the highest gain settings). The effect that increasing the
gain of the pulse oximeter signal has on the signal-to-
noise ratio in a particular system should be understood.
Certain combinations of gain may cause more noise to
be present in the pulse oximeter signal. Therefore, the
gain stages in the pulse detection block preferably take
advantage of characteristics of the gain-to-noise varia-
bility.

[0031] For example, the signal from the photodetector
that is sampled using an analog-to-digital converter is
fed into a gain block. The gain block includes several
gain stages to achieve a known response. The noise is
measured at each of the gain stages, and then stored for
later use to calculate the signal-to-noise ratio.

[0032] Techniques for identifying the systolic portions
of a pulse oximeter signal generated by an oximeter sen-
sor are now discussed. The systole identification of the
present invention uses a three step maximum and min-
imum derivative averaging scheme in order to detect car-
diac systolic events.

[0033] Figure 2 illustrates one method for identifying
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the systolic period of a pulse oximeter signal. In the first
step 201, the moving average of the derivative of the
pulse oximeter signal is found. In the second step 202,
the moving average of the output of the first step 201 is
found. In the third step 203, the moving average of the
output of the second step 202 is found.

[0034] Next, the moving maximum and the moving
minimum of the output of the third step is found at step
204. At step 205, systole transitions are detected by com-
paring this moving minimum and moving maximum to a
scaled sum of the moving minimum and maximum. For
example, the scaled sum of the moving minimum and
maximum values can be a fractional sum of the minimum
and maximum moving averages.

[0035] Whenthe minimum output of step 204 becomes
less than a fractional sum of the maximum and minimum
moving averages, the system determines that the pulse
oximeter signal is entering systole. When the minimum
output of step 204 becomes more than a fractional sum
of the maximum and minimum moving averages, the sys-
tem determines that pulse oximeter signal is exiting sys-
tole.

[0036] The two predetermined fractional sums can be
selected to be any suitable values. As a specific example,
the system can determine that the pulse oximeter signal
is entering systole when the minimum derivative output
becomes less than 1/16 the sum of the minimum and
maximum moving averages of the third stage. As another
example, the system can determine that the pulse oxi-
meter signal is exiting systole when the minimum deriv-
ative output becomes more than 1/8 the sum of the max-
imum and minimum moving averages of the third stage.
These two examples are not intended to limit the scope
of the presentinvention. Many other fractional values can
also be used to identify systole transitions.

[0037] These techniques of the present invention can
detect and qualify pulses using CPU, RAM, and ROM
efficient algorithms. Minimal processor resources are re-
quired to perform oximetry calculations with a compara-
ble level of saturation and pulse rate performance as prior
art oximeter technology.

[0038] Example waveforms for the results of these cal-
culations are shown in Figure 3A. Waveform 303 is an
example of the derivative of a pulse oximeter signal.
Waveforms 301 and 304 are examples of the minimum
and maximum moving average of the pulse oximeter sig-
nal, respectively. Waveform 302 is an example of the
output signal of the three-step moving average.

[0039] Theoutputofthe movingaverageis asmoothed
and delayed version of the derivative of the pulse oxime-
ter signal. The minimum output tracks the negative-going
trends and lags the positive-going trends. The maximum
output tracks the positive-going trends and lags the neg-
ative-going trends. These relationships are key to detect-
ing potential systolic cardiac periods.

[0040] Figure 3B shows examples of the minimum
moving average 301 with awaveform 313 thatrepresents
1/16 of the sum of the minimum and maximum moving
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averages of the third stage. Figure 3B also shows an
example of waveform 312 that represents 1/8 of the sum
of the minimum and maximum moving averages of the
third stage.

[0041] According to one embodiment of the present
invention, waveforms 312 and 313 are compared to the
minimum moving average waveform 301 at step 205 to
identify the systolic period of the pulse oximeter signal.
Alternatively, other scaled sums for the minimum and/or
maximum moving averages can be used to identify systo-
lic periods in the pulse oximeter signal. The beginning
and the end of a systole in signal 301 are identified in
Figure 3B. The period between crossing points of signal
301 and signals 312/313 defines the systolic period.
[0042] When applied to the original pulse oximeter sig-
nal 320, the systolic period identification is shown in Fig-
ure 3C. The systolic period includes the time between
the peak (i.e. maximum value) and the subsequent valley
(i.e. minimum value) of pulse oximeter signal 320. The
actual systolic period is identified in Figure 3C as well as
the dichrotic notch of the next pulse.

[0043] After the systolic period has been identified,
unique pulse qualification tests based upon typical phys-
iological pulse characteristics are applied to the systole
pulse atstep 206. The full pulse qualification tests remove
false positive systolic detections (e.g., the dichrotic
notch) and pulses that have an inadequate signal-to-
noise ratio. False positives are portions of the signal that
are falsely identified as systolic transitions in step 205.
Pulse qualifications are used in step 206 to filter out false
positives identified in step 205. The steps of Figure 2 can
be implemented in software or hardware.

[0044] Pulse qualification tests qualify cardiac pulses
in the pulse oximeter signal. The pulse qualification tests
are designed to identify cardiac pulses that have ade-
quate signal-to-noise ratio for use in measuring pulse
rate and blood oxygen saturation. The pulse qualification
tests can include any number techniques including tra-
ditional pulse qualification techniques.

[0045] Some examples of pulse qualification tests ac-
cording to particular embodiments of the present inven-
tion are now discussed. The qualifications are compari-
sons of special pulse characteristics to determined
threshold values. For example, the pulse qualifications
compare systolic area, width, and number of sub-peaks
to fixed thresholds. Diastolic area, width, and number of
sub-peaks are compared to thresholds. Systolic area and
width are compared to diastolic area and width. Pulse
area and width are compared to thresholds. All of the
above individually are compared to the last N pulses de-
tected.

[0046] Pulses that pass these qualifications can be
used to measure pulse rate. To qualify the systolic peri-
ods for oxygen saturation calculations, the following ad-
ditional qualifications are used. The lag/lead time be-
tween the infrared and red pulse detection are compared.
The pulse size is compared to the N pulses qualified. The
statistically significant coefficient of the best-fit line plot
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of the moving average between the infrared and the red
signals is compared to fixed thresholds. The saturation
rate-of-change is compared to fixed thresholds. Pulses
that pass these additional qualifications can be used to
measure oxygen saturation.

[0047] After the pulse qualification tests have filtered
outfalse positives, the systolic periods are identified. The
systolic periods represent a signal component of the
pulse oximeter signal. The signal-to-noise ratio of the
pulse oximeter signal is calculated by comparing the
strength of the systolic period to the noise component of
the pulse oximeter signal.

[0048] According to one embodiment, the noise com-
ponent of a pulse oximeter sensor is calculated in ad-
vance using a separate instrument that measures noise
in the pulse oximeter signal at various gain values. The
measured noise component is then stored in memory for
later use. The stored noise component is subsequently
compared to the size of the systolic pulse for a particular
gain value to determine the signal-to-noise ratio of the
pulse oximeter signal.

[0049] According to another embodiment, dynamic
measurements of the noise of the pulse oximeter system
are made. These noise measurements can include elec-
trical noise, ambient noise caused by ambient light,
and/or noise (e.g. motion) caused by the patient. The
dynamic noise measurement is updated continuously
throughout the operation of the pulse oximeter sensor.
An updated noise component is continuously compared
to the pulse to calculate a more accurate signal-to-noise
ratio of the pulse oximeter signal.

[0050] Once the signal-to-noise ratio of the pulse oxi-
meter signal has been calculated, a determination is
made as whether the signal-to-noise ratio falls within an
acceptable range. The acceptable range is selected
based on the relative noise component for accurately cal-
culating oxygen saturation and pulse rate. If the ratio is
outside the acceptable range, the feedback loop dis-
cussed above with respect to Figure 1 adjusts the LED
drive current to bring the signal-to-noise ratio within the
acceptable range.

[0051] The presentinvention has the advantage of re-
quiring fewer servo executions to acquire and maintain
the oxygen saturation of the signal than many prior art
techniques, particularly in the presence of patient motion
interference. In many prior art oximeter systems, the
LEDs are driven with a large current, and the pulse oxi-
meter signal fills up its entire system dynamic range. The
oximeter signal exceeds the system’s current dynamic
range as soon as the patient starts moving, and the signal
is effectively lost (i.e., flat-line, invalid signal). Additional
servo executions are required to re-acquire the signal.
While the servo is executing, the sensor signal is not
available; therefore, the oximeter cannot calculate pulse
rate or oxygen saturation data from the pulse oximeter
signal.

[0052] Onthe otherhand, the LED drive currentis sub-
stantially reduced in the present invention. The dynamic
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range is greatly increased relative to the size of the pulse
oximeter signal, because the signal has been greatly re-
duced by cutting back on the LED drive current. The ox-
imeter signal can now move around more within the dy-
namic range without requiring additional servo execu-
tions or changes to the LED settings. In the present in-
vention, the patient can move around vigorously without
causing the servo to execute in an attempt to re-acquire
the signal. The techniques of the present invention can
allow an oximeter system to be much more tolerant of
patient motion.

[0053] Pulse detection block 102 can include a tran-
simpedance (I-V) amplifier or converter 401 that converts
a current signal from photodetector 112 to a voltage sig-
nal as shown in Figure 4. Ambient lightin the environment
adds a component of DC bias into the pulse oximeter
signal. This DC bias shifts the pulse oximeter signal high-
er, closer to the rail of the dynamic range of the transim-
pedance amplifier.

[0054] According to an embodiment of the present in-
vention, an analog-to-digital (A-to-D) converter 402 sam-
ples the output signal of transimpedance amplifier 401
during a time when either LED 110-111 is on or off to
provide a continuous, real-time measurement of the am-
bient light and or noise that gets into sensor 101. This
feature can also be used to provide information on the
magnitude of the signal at the output of A-to-D converter
402.

[0055] The information about the signal magnitude
from A-to-D converter 402 is fed back through gain con-
trol feedback loop 403 and used to choose an appropriate
gain for transimpedance amplifier 401. For example, gain
control feedback loop 403 causes the transimpedance
gain of transimpedance amplifier 401 to increase or de-
crease to reduce and/or accommodate the effect of the
environmental DC bias on the signal. This real-time
measurement can also be used for determining a sensor-
off condition, measuring electrical and optical noise, de-
tecting transients in the signal, and detecting patient mo-
tion.

[0056] During the normal operation of the sensor, the
LEDs can be pulsed on and off in any desired manner to
provide the continuous (multiplexed), real-time measure-
ment of the ambient light and other noise sources. For
example, one red and one infrared LED can be alternately
turned on and off in the following manner: red LED on
and infrared LED off, then red LED off and infrared LED
on, then both LEDs off, then red LED on and infrared
LED off, etc, repeating in this sequence. As another ex-
ample, one red and one infrared LED can be alternately
turned on and off as follows: red LED on and infrared
LED off, then both LEDs off, thenred LED off and infrared
LED on, then both LEDs off, then red LED on and infrared
LED off, etc. repeating in this sequence. These patterns
are examples that are not intended to limit the scope of
the present invention.

[0057] Sigma-delta modulator 410 also receives the
output signal of the transimpedance amplifier 402. Mod-
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ulator 410 demodulates the signal from the photodetector
into separate red and infrared components. The demod-
ulation function can be performed in the digital domain
using a software or firmware program run by a microcon-
troller. Further details of a Multi-Bit ADC With Sigma-
Delta Modulation are discussed in commonly assigned,
co-pending U.S. Patent Application 2005/0184895, to
Ethan Petersen et al., filed concurrently herewith. as will
be understood by those of skill in the art, the invention
could be embodied in other specific forms without de-
parting from the scope there of.

Claims
1. A pulse oximeter system comprising:

adrive interface (104) that controls drive current
of light emitting elements (110, 111) in a pulse
oximeter sensor (101);

a feedback loop (120) coupled around the pulse
oximeter sensor (101) and the drive interface
(104) that dynamically adjusts the drive current
of the light emitting elements (110, 111) based
on results of a comparison between a signal-to-
noise ratio of a pulse oximeter signal and a
threshold,

a pulse detection block (102) that calculates the
signal-to-noise ratio of the pulse oximeter signal,
wherein the pulse detection block (102) calcu-
lates a moving average of a derivative of the
pulse oximeter signal to generate a first output,
calculates a moving average of the first output
to generate a second output, calculates a mov-
ing average of the second output to generate a
third output, and identifies a moving minimum
and a moving maximum of the third output; and
a comparator (103) that performs the compari-
son of the signal-to-noise ratio of the pulse oxi-
meter signal to the threshold;

wherein the feedback loop (120) comprises the
pulse detection block (102) and the comparator
(103); and

wherein the pulse oximeter signal is generated
by a photodetector (112) in the pulse oximeter
sensor (101).

2. The pulse oximeter system as defined in claim 1
wherein the feedback loop (120) causes the drive
current of the light emitting elements (110, 111) to
decrease if the signal-to-noise ratio of the pulse ox-
imeter signal is greater than a maximum threshold,
and the feedback loop (120) causes the drive current
of the light emitting elements (110,111) to increase
of the signal-to-noise ratio of the pulse oximeter sig-
nal is less than a minimum threshold.

3. The pulse oximeter system as defined in claim 1,
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wherein the pulse detection block (102) compares
the moving minimum and the moving maximum of
the third output to a scaled sum of the moving min-
imum and the moving maximum of the third output
to generate a fourth output that identifies a systolic
period.

The pulse oximeter system as defined in claim 3,
wherein the pulse oximeter system filters out false
positives from the fourth output using pulse qualifi-
cation tests to generate a signal component of the
pulse oximeter signal.

The pulse oximeter system as defined in claim 4,
wherein the pulse oximeter system compares systo-
licarea, width, and number of sub-peaks in the fourth
output to first thresholds; compares diastolic area,
width, and number of sub-peaks in the fourth output
to second thresholds; compares systolic area and
width to diastolic area and width; compares pulse
area and width to third thresholds.

The pulse oximeter system as defined in claim 4,
wherein the pulse oximeter system compares systo-
licarea, width, and number of sub-peaks in the fourth
output; diastolic area, width, and number of sub-
peaks in the fourth output; and pulse area and width
to N detected heart pulses.

The pulse oximeter system as defined in claim 4,
wherein the pulse oximeter system performs addi-
tional qualification tests to generate the signal com-
ponent by comparing the lag/lead time between in-
frared pulse detection and red pulse detection, com-
paring pulse size to N qualified pulses, comparing a
statistically significant coefficient of a best-fit line plot
of a moving average between the infrared and the
red signals to thresholds, and comparing a saturation
rate-of-change to thresholds.

The pulse oximeter system as defined in claim 4,
wherein the pulse oximeter system compares the
signal component to a determined noise component
to calculate the signal-to-noise ratio.

The pulse oximeter system as defined in claim 4,
wherein the pulse oximeter system compares the
signal component to a noise component, the noise
component being obtained by a continuously updat-
ed measurement of noise in the pulse oximeter sig-
nal.

The pulse oximeter system as defined in claim 1,
wherein a reduced amount of processor resources
are required to perform oximetry calculations on the
pulse oximeter signal.

The pulse oximeter system as defined in claim 4,
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wherein the pulse detection block detects and qual-
ifies pulses using CPU, RAM, and ROM efficient al-
gorithms.

A method for reducing power consumption in a pulse
oximeter sensor, the method comprising:

providing drive current to light emitting elements
(110, 111) in the pulse oximeter sensor (101);
and

determining a signal-to-noise ratio of a pulse ox-
imeter signal generated by a photodetector
(112) in the pulse oximeter sensor (101), where-
in determining the signal-to-noise ratio of the
pulse oximeter signal further comprises:

calculating a moving average of a derivative
of the pulse oximeter signal to generate a
first output;

calculating amoving average of the first out-
put to generate a second output;
calculating a moving average of the second
output to generate a third output; and
identifying a moving minimum and a moving
maximum of the third output; and

dynamically adjusting the drive current of the
light emitting elements (110, 111) based on re-
sults of a comparison between the signal-to-
noise ratio of the pulse oximeter signal and a
threshold, wherein dynamically adjusting the
drive current of the light emitting elements (110,
111) further comprises:

increasing the drive current provided to the
light emitting elements (110, 111) if the sig-
nal-to-noise ratio of the pulse oximeter sig-
nal is less than a minimum threshold; and

decreasing the drive current provided to the
light emitting elements (110, 111) if the sig-
nal-to-noise ratio of the pulse oximeter sig-
nal is greater than a maximum threshold.

The method as defined in claim 12, wherein deter-
mining the signal-to-noise ratio of the pulse oximeter
signal further comprises:

comparing the moving minimum and the moving
maximum of the third output to a scaled sum of
the moving minimum and the moving maximum
of the third output to generate a fourth output
that identifies a systolic period.

The method as defined in claim 13, wherein deter-
mining the signal-to-noise ratio of the pulse oximeter

signal further comprises:

filtering out false positives from the fourth output
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using pulse qualification tests to generate a sig-
nal component of the pulse oximeter signal.

15. The method as defined in claim 14, wherein deter-

mining the signal-to-noise ratio of the pulse oximeter
signal further comprises:

comparing the signal component to a deter-
mined, noise component to calculate the signal-
to-noise ratio.

16. The method as defined in claim 14, wherein deter-

mining the signal-to-noise ratio of the pulse oximeter
signal further comprises:

comparing the signal component to a noise com-
ponent, wherein the noise component is ob-
tained by a continuously updated measurement
of noise in the pulse oximeter signal.

Patentanspriiche

Pulsoxymetersystem, umfassend:

eine Ansteuerungsschnittstelle (104), die den
Ansteuerungsstrom von lichtemittierenden Ele-
menten (110, 111) in einem Pulsoxymetersen-
sor (101) steuert;

eine Rickkopplungsschleife (120), gekoppelt
um den Pulsoxymetersensor (101) und die An-
steuerungsschnittstelle (104), die dynamisch
den Ansteuerungsstrom der lichtemittierenden
Elemente (110, 111) basierend auf Ergebnissen
eines Vergleichs zwischen einem Signal-
Rausch-Verhaltnis eines Pulsoxymetersignals
und einem Schwellwert justiert,

einen Pulsdetektionsblock (102), der das Si-
gnal-Rausch-Verhéltnis des Pulsoxymetersi-
gnals berechnet, wobei der Pulsdetektionsblock
(102) einen gleitenden Mittelwert einer Ablei-
tung des Pulsoxymetersignals berechnet, um ei-
ne erste Ausgabe zu erzeugen, einen gleiten-
den Mittelwert der ersten Ausgabe berechnet,
um eine zweite Ausgabe zu erzeugen, einen
gleitenden Mittelwert der zweiten Ausgabe be-
rechnet, um eine dritte Ausgabe zu erzeugen
und ein gleitendes Minimum und ein gleitendes
Maximum der dritten Ausgabe identifiziert; und
einen Komparator (103), der den Vergleich des
Signal-Rausch-Verhaltnisses des Pulsoxyme-
tersignals beziiglich des Schwellwerts durch-
fuhrt;

wobei die Ruckkopplungsschleife (120) den
Pulsdetektionsblock (102) und den Komparator
(103) umfasst; und

wobei das Pulsoxymetersignal von einem Pho-
todetektor (112) im Pulsoxymetersensor (101)
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erzeugt wird.

Pulsoxymetersystem nach Anspruch 1, bei welchem
die Rickkopplungsschleife (120) bewirkt, dass der
Ansteuerungsstrom der lichtemittierenden Elemen-
te (110, 111) abnimmt, wenn das Signal-Rausch-
Verhéltnis des Pulsoxymetersignals gréRer als ein
maximaler Schwellwert ist, und die Riickkopplungs-
schleife (120) bewirkt, dass der Ansteuerungsstrom
derlichtemittierenden Elemente (110, 111) zunimmt,
wenn das Signal-Rausch-Verhaltnis des Pulsoxy-
metersignals geringer als ein minimaler Schwellwert
ist.

Pulsoxymetersystem nach Anspruch 1, bei welchem
der Pulsdetektionsblock (102) das gleitende Mini-
mum und das gleitende Maximum der dritten Aus-
gabe mit einer skalierten Summe des gleitenden Mi-
nimums und des gleitenden Maximums der dritten
Ausgabe vergleicht, um eine vierte Ausgabe zu er-
zeugen, die eine systolische Periode identifiziert.

Pulsoxymetersystem nach Anspruch 3, bei welchem
das Pulsoxymetersystem falsche Positive von der
vierten Ausgabe mittels Pulsqualifikationstests her-
ausfiltert, um eine Signalkomponente des Pulsoxy-
metersignals zu erzeugen.

Pulsoxymetersystem nach Anspruch 4, bei welchem
das Pulsoxymetersystem Systolenbereich, -breite
und -anzahl von Sub-Peaks in der vierten Ausgabe
mit ersten Schwellwerten vergleicht; Diastolenbe-
reich, -breite und -anzahl von Sub-Peaks in der vier-
ten Ausgabe mit zweiten Schwellwerten vergleicht;
Systolenbereich und -breite mit Diastolenbereich
und -breite vergleicht; Pulsbereich und -breite mit
dritten Schwellwerten vergleicht.

Pulsoxymetersystem nach Anspruch 4, bei welchem
das Pulsoxymetersystem Systolenbereich, -breite
und -anzahl von Sub-Peaks in der vierten Ausgabe;
Diastolenbereich, -breite und -anzahl von Sub-
Peaks in der vierten Ausgabe; und Pulsbereich und
-breite mit N detektierten Herzpulsen vergleicht.

Pulsoxymetersystem nach Anspruch 4, bei welchen
das Pulsoxymetersystem zusatzliche Qualifikations-
tests durchfiihrt, um die Signalkomponente durch
Vergleichen der Verzdgerungs-/Vorlaufzeit zwi-
schen Infrarotpulsdetektion und Rotpulsdetektion,
Vergleichen der PulsgréRe mit N qualifizierten Pul-
sen, Vergleichen eines statistisch signifikanten Ko-
effizienten eines Best-Fit-Linienplots eines gleiten-
den Mittelwerts zwischen den infraroten und den ro-
ten Signalen mit Schwellwerten, und Vergleichen ei-
ner Sattigungsanderungsrate mit Schwellwerten zu
erzeugen.
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Pulsoxymetersystem nach Anspruch 4, bei welchem
das Pulsoxymetersystem die Signalkomponente mit
einer bestimmten Rauschkomponente vergleicht,
um das Signal-Rausch-Verhaltnis zu berechnen.

Pulsoxymetersystem nach Anspruch 4, bei welchem
das Pulsoxymetersystem die Signalkomponente mit
einer Rauschkomponente vergleicht, wobei die
Rauschkomponente durch eine kontinuierlich aktua-
lisierte Messung des Rauschens im Pulsoxymeter-
signal erhalten wird.

Pulsoxymetersystem nach Anspruch 1, bei welchem
eine verringerte Menge an Prozessorressourcen be-
noétigt wird, um Oxymetrieberechnungen beziiglich
des Pulsoxymetersignals durchzufiihren.

Pulsoxymetersystem nach Anspruch 4, bei welchem
der Pulsdetektionsblock Pulse mittels CPU-, RAM-
und ROM-effizienten Algorithmen detektiert und
qualifiziert.

Verfahren zum Verringern des Energieverbrauchs
in einem Pulsoxymetersensor, wobei das Verfahren
umfasst:

Bereitstellen von Ansteuerungsstrom an lichte-
mittierende Elemente (110, 111) im Pulsoxyme-
tersensor (101); und

Bestimmen eines Signal-Rausch-Verhaltnisses
eines von einem Photodetektor (112) im Puls-
oxymetersensor (101) erzeugten Pulsoxyme-
tersignals, wobei das Bestimmen des Signal-
Rausch-Verhéltnisses des Pulsoxymetersi-
gnals ferner umfasst:

Berechnen eines gleitenden Mittelwerts ei-
ner Ableitung des Pulsoxymetersignals, um
eine erste Ausgabe zu erzeugen;
Berechnen eines gleitenden Mittelwerts der
ersten Ausgabe, um eine zweite Ausgabe
Zu erzeugen;

Berechnen eines gleitenden Mittelwerts der
zweiten Ausgabe, um eine dritte Ausgabe
zu erzeugen; und

Identifizieren eines gleitenden Minimums
und eines gleitenden Maximums der dritten
Ausgabe; und

dynamisches Justieren des Ansteuerungsstroms
der lichtemittierenden Elemente (110, 111), basie-
rend auf Ergebnissen eines Vergleichs zwischen
dem Signal-Rausch-Verhéaltnis des Pulsoxymetersi-
gnals und einem Schwellwert, wobei das dynami-
sche Justieren des Ansteuerungsstroms der lichte-
mittierenden Elemente (110, 111) ferner umfasst:

Erhohen des andie lichtemittierenden Elemente
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(110, 111) bereitgestellten Ansteuerungs-
stroms, wenn das Signal-Rausch-Verhaltnis
des Pulsoxymetersignals geringer ist als ein mi-
nimaler Schwellwert; und

Verringern des an die lichtemittierenden Ele-
mente (110, 111) bereitgestellten Ansteue-
rungsstroms, wenn das Signal-Rausch-Verhalt-
nis des Pulsoxymetersignals gréRer als ein ma-
ximaler Schwellwert ist.

13. Verfahren nach Anspruch 12, bei welchem das Be-

stimmen des Signal-Rausch-Verhaltnisses des Pul-
soxymetersignals ferner umfasst:

Vergleichen des gleitenden Minimums und des
gleitenden Maximums der dritten Ausgabe mit
einer skalierten Summe des gleitenden Mini-
mums und des gleitenden Maximums der dritten
Ausgabe, um eine vierte Ausgabe zu erzeugen,
die eine systolische Periode identifiziert.

14. Verfahren nach Anspruch 13, bei welchem das Be-

stimmen des Signal-Rausch-Verhaltnisses des Pul-
soxymetersignals ferner umfasst:

Herausfiltern von falschen Positiven von der
vierten Ausgabe mittels Pulsqualifikationstests,
um eine Signalkomponente des Pulsoxymeter-
signals zu erzeugen.

15. Verfahren nach Anspruch 14, bei welchem das Be-

stimmen des Signal-Rausch-Verhaltnisses des Pul-
soxymetersignals ferner umfasst:

Vergleichen der Signalkomponente mit einer
bestimmten Rauschkomponente, um das Si-
gnal-Rausch-Verhaltnis zu berechnen.

16. Verfahren nach Anspruch 14, bei welchem das Be-

stimmen des Signal-Rausch-Verhaltnisses des Pul-
soxymetersignals ferner umfasst:

Vergleichen der Signalkomponente mit einer
Rauschkomponente, wobei die Rauschkompo-
nente durch eine Kkontinuierlich aktualisierte
Messung des Rauschens im Pulsoxymetersi-
gnal erhalten wird.

Revendications

Systéme d’oxymeétre a impulsions comprenant :

une interface de commande (104) qui comman-
de le courant de commande des éléments élec-
troluminescents (110, 111) dans un capteur
d’oxymetre a impulsions (101) ;

une boucle de régulation (120) raccordée autour
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du capteur d’oxymeétre a impulsions (101) et de
l'interface de commande (104) qui ajuste dyna-
miquement le courant de commande des élé-
ments électroluminescents (110, 111), surla ba-
se des résultats d’'une comparaison entre un
rapport signal-bruit d’'un signal d’oxymeétre aim-
pulsions et un seuill,

un bloc de détection d’'impulsions (102) qui cal-
cule le rapport signal-bruit du signal d’'oxymeétre
a impulsions, dans lequel le bloc de détection
d’impulsions (102) calcule une moyenne mobile
d’un dérivé du signal d’oxymétre a impulsions
afin de générer une premiére émission, calcule
une moyenne mobile de la premiére émission
pour générer une seconde émission, calcule
une moyenne mobile de la seconde émission
pour générer une troisiéme émission, et identifie
un minimum mobile et un maximum mobile de
la troisieme émission ; et

un comparateur (103) qui effectue la comparai-
son du rapport signal-bruit du signal d’'oxymeétre
a impulsions au seuil ;

dans lequel la boucle de régulation (120) com-
prend le bloc de détection d’'impulsions (102) et
le comparateur (103) ; et

dans lequel le signal d’oxymétre a impulsions
est généré par un photodétecteur (112) dans le
capteur d’'oxymeétre a impulsions (101).

Systéme d’oxymetre a impulsions selon la revendi-
cation 1, dans lequel la boucle de régulation (120)
provoque la diminution du courant de commande
des éléments électroluminescents (110, 111) si le
rapport signal-bruit du signal d’'oxymeétre a impul-
sions est supérieur a un seuil maximum, et la boucle
de régulation (120) provoque I'augmentation du cou-
rant de commande des éléments électrolumines-
cents (110, 111) si le rapport signal-bruit du signal
d’oxymetre a impulsions est inférieur a un seuil mi-
nimum.

Systéme d’oxymeétre a impulsion selon la revendica-
tion 1, dans lequel le bloc de détection d’impulsions
(102) compare le minimum mobile et le maximum
mobile de la troisieme émission a une somme pon-
dérée du minimum mobile et du maximum mobile de
la troisieme émission, afin de générer une quatrieme
émission qui identifie une période systolique.

Systéme d’oxymeétre a impulsions selon la revendi-
cation 3, dans lequel le systéme d’oxymeétre a im-
pulsions filtre les faux positifs de la quatriéme émis-
sion en utilisant des tests de qualification par impul-
sion afin de générer un composant de signal du si-
gnal d’'oxymétre a impulsions.

Systéme d’oxymeétre a impulsions selon la revendi-
cation 4, dans lequel le systéme d’oxymetre a im-
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pulsions compare la zone systolique, la largeur, et
le nombre de sous-pics dans la quatrieme émission
aux premiers seuils ; compare la zone diastolique,
la largeur et le nombre de sous-pics dans la quatrie-
me émission aux seconds seuils ; compare la zone
systolique et la largeur a la zone diastolique et a la
largeur ; compare la zone d'impulsion et la largeur
aux troisiemes seuils.

Systéme d’oxymeétre a impulsions selon la revendi-
cation 4, dans lequel le systéme d’oxymetre a im-
pulsions compare la zone systolique, la largeur, et
le nombre de sous-pics dans la quatrieme émission ;
la zone diastolique, la largeur et le nombre de sous-
pics dans la quatrieme émission ; etla zone d’'impul-
sion et la largeur a N impulsions cardiaques détec-
tées.

Systéme d’oxymetre a impulsions selon la revendi-
cation 4, dans lequel le systéme d’'oxymeétre a im-
pulsions effectue des tests de qualification supplé-
mentaires, afin de générer le composant de signal
en comparant le décalage/temps de mise en route
entre la détection d'impulsion infrarouge et la détec-
tion d'impulsion rouge, en comparant la taille de I'im-
pulsion a N impulsions qualifiées, en comparant un
coefficient statistiquement significatif d’un tracé de
droite de meilleur ajustement d’'une moyenne mobile
entre les signaux infrarouges et rouges aux seuils,
et en comparant un taux de changement de satura-
tion aux seuils.

Systéeme d’oxymeétre a impulsions selon la revendi-
cation 4, dans lequel le systéme d’oxymetre a im-
pulsions compare le composant de signal a un com-
posant de bruit déterminé, afin de calculer le rapport
signal-bruit.

Systéme d’oxymeétre a impulsions selon la revendi-
cation 4, dans lequel le systéme d’oxymeétre a im-
pulsions compare le composant de signal a un com-
posant de bruit, le composant de bruit étant obtenu
par une mesure du bruit continuellement mise a jour
dans le signal d’'oxymétre a impulsions.

Systéme d’oxymetre a impulsions selon la revendi-
cation 1, dans lequel une quantité réduite de res-
sources du processeur est nécessaire pour effectuer
des calculs d’'oxymétrie sur le signal d’'oxymeétre a
impulsions.

Systéme d’oxymetre a impulsions selon la revendi-
cation 4, dans lequel le bloc de détection d’impulsion
détecte et qualifie les impulsions en utilisant les al-
gorithmes efficaces de la CPU, laRAM et de la ROM.

Procédé de réduction de laconsommation électrique
dans un capteur d’oxymetre aimpulsions, le procédé
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comprenant :

la fourniture d’'un courant de commande aux élé-
ments électroluminescents (110, 111) dans le
capteur d’'oxymetre a impulsions (101) ; et

la détermination d’un rapport signal-bruit d’'un
signal d’oxymétre a impulsions généré par un
photo-détecteur (112)

dans le capteur d’oxymétre a impulsions (101),
dans lequel la détermination du rapport signal-
bruit du signal d’'oxymeétre a impulsions com-
prend en outre :

le calcul d’'une moyenne mobile d’'un dérivé
du signal d’'oxymétre a impulsions afin de
générer une premiére émission ; le calcul
d’'une moyenne mobile de la premiére émis-
sion afin de générer une seconde
émission ;

le calcul d’'une moyenne mobile de la se-
conde émission afin de générer une troisie-
me émission ; et

l'identification d’'un minimum mobile et d’'un
maximum mobile de la troisiéme émission ;
et

I'ajustage dynamique du courant de com-
mande des éléments électroluminescents
(110, 111), sur la base des résultats d’'une
comparaison entre le rapport signal-bruit du
signal d’'oxymeétre aimpulsions et d’un seuil,
dans lequel I'ajustage dynamique du cou-
rant de commande des éléments électrolu-
minescents (110, 111) comprend en outre :

I'augmentation du courant de comman-
de fourni aux éléments électrolumines-
cents (110, 111) si le rapport signal-
bruit du signal d’'oxymeétre a impulsion
est inférieur a un seuil minimum ; et
la diminution du courant de commande
fourni aux éléments électrolumines-
cents (110, 111) si le rapport signal-
bruit du signal d’'oxymétre a impulsions
est supérieur a un seuil maximum.

13. Procédé selon la revendication 12, dans lequel la

détermination du rapport signal-bruit du signal d’oxy-
métre a impulsions comprend en outre :

la comparaison du minimum mobile et du maxi-
mum mobile de la troisi€me émission a une som-
me pondérée du minimum mobile et

du maximum mobile de la troisieme émission,
afin de générer une quatriéme émission qui
identifie une période systolique.

14. Procédé selon la revendication 13, dans lequel la

détermination du rapport signal-bruit du signal d’oxy-
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15.

16.

20
metre a impulsions comprend en outre :

la filtration de faux positifs de la quatrieme émis-
sion en utilisant des tests de qualification d’'im-
pulsions pour générer un composant de signal
du signal d’'oxymeétre a impulsions.

Procédé selon la revendication 14, dans lequel la
détermination du rapport signal-bruit du signal d’oxy-
métre a impulsion comprend en outre :

la comparaison du composant de signal a un
composant de bruit déterminé, afin de calculer
le rapport signal-bruit.

Procédé selon la revendication 14, dans lequel la
détermination du rapport signal-bruit du signal d’oxy-
meétre a impulsions comprend en outre :

la comparaison du composant de signal a un
composant de bruit,

dans laquelle le composant de bruit est obtenu par
une mesure continuellement mise a jour de bruit
dans le signal d’'oxymétre a impulsions.
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