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(57) Abstract

A method for measuring a blood constituent using data corresponding to a wavelength of electromagnetic energy transmitted through
tissue of a patient comprises a) filtering the data such that motion and noise energy not at integer multiples of a heart rate of the patient are
attenuated, thereby generating filtered data; b) comparing selected filtered data with at least one expected data characteristic; c) assigning
one of a plurality of variable weights to each selected filtered data based on the comparing step thereby generating a plurality of differently
weighted filtered data, the variable weights comprising a plurality of different non-zero numbers; and d) averaging a plurality of the
differently weighted filtered data to obtain a twice-filtered data for use in estimating the blood constituent.
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METHOD AND APPARATUS FOR HARMONICALLY FILTERING DATA

This invention relates to a method and apparatus for measuring
physiological parameters, in particular for reducing noise
effects in a system for measuring a physiological parameter.
It relates in particular to a method and apparatus for
harmonically filtering data. The invention employs filtering
techniques in pulse oximetry to estimate the oxygen saturation
of haemoglobin in arterial blood.

Pulse oximeters typically measure and display various blood
flow characteristics including but not limited to the oxygen
saturation of haemoglobin in arterial blood. Oximeters pass
light through blood perfused tissue such as a finger or an ear,
and photoelectrically sense the absorption of light in the
tissue. The amount of light absorbed is then used to calculate
the amount of the blood constituent (e.g., oxyhaemoglobin)
being measured.

The light passed through the tissue is selected 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 light passed through the tissue
varies in accordance with the changing amount of blood
constituent in the tissue and the related light absorption.
The calculation of saturation can then be based on Beer-
Lambert’s law. Traditionally, the determination of saturation
measures light absorption at two wavelengths, for example red
and infra red. Saturation can then calculated by solving for
the "ratio of ratios", as known, for example from US-4928692,
US-4934372 and US-5078136.

The optical signal through the tissue can be degraded by both
noise and motion artifact. One source of noise is ambient
light which reaches the light detector. Another source of
noise is electromagnetic coupling from other electronic

instruments. Motion of the patient also introduces noise and
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affects the signal. For example, the contact between the
detector and the skin, or the emitter and the skin, can be
temporarily disrupted when motion causes either to move away
from the skin. In addition, since blood is a £fluid, it
responds differently than the surrounding tissue to inertial
effects, thus resulting in momentary changes in volume at the
point to which the oximeter probe is attached.

Motion artifact can degrade a pulse oximetry signal relied upon
by a physician, without the physician’s awareness. This is
especially true if the monitoring of the patient is remote, the
motion is too small to be observed, or the doctor is watching
the instrument or other parts of the patient, and not the

sensor site.

An oximeter system is disclosed in US-5025791 in which an
accelerometer 1is used to detect motion. When motion is
detected, readings influenced by motion are either eliminated
or indicated as being corrupted. In a typical oximeter,
measurements taken at the peaks and valleys of the blood pulse
signal are wused to calculate the desired characteristic.
Motion can cause a false peak, resulting in a measurement
having an inaccurate value and one which is recorded at the

wrong time.

Another system is disclosed in US-4802486 in which an EKG
signal is monitored and correlated to the oximeter reading to
provide synchronization to limit the effect of noise and motion
artifact pulses on the oximeter readings. This reduces the

chances of the oximeter locking onto a periodic motion signal.

The system disclosed in US-5078136 involves the use of linear
interpolation and rate of change techniques to analyze the
oximeter signal, to 1limit the effect of noise and motion
artifact.
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The present invention provides a technique for measuring a
blood constituent value which involves filtering data such that
motion and noise energy not an integer multiples of a heart
rate of the patient are attenuated, and then assigning variable

weights to the filtered data and averaging the resulting data.

Accordingly, in one aspect, the invention provides a method for_
measuring a blood constituent using data corresponding to a
wavelength of electromagnetic energy transmitted through tissue

of a patient, the method comprising the steps of:

(a) filtering the data such that motion and noise
energy not at integer multiples of a heart rate of the

patient are attenuated, thereby generating filtered data;

(b) comparing selected filtered data with at least one

expected data characteristic;

(c) assigning one of a plurality of variable weights to
each selected filtered data based on the comparing step
thereby generating a plurality of differently weighted
filtered data, the variable weights comprising a

plurality of different non-zero numbers; and

(d) averaging a plurality of the differently weighted
filtered data to obtain a twice-filtered data for use in

estimating the blood constituent.

Preferably, the filter is characterized by a filter response

which varies with the heart rate of the patient.

Preferably, there are a plurality of wavelengths of
electromagnetic energy transmitted through the tissue of the
patient, the steps of filtering and comparing being applied to
data corresponding to only one of the plurality of wavelengths,
the steps of assigning and averaging being applied to data

corresponding to the plurality of wavelengths based on the
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filtering and comparing steps being applied to one of the
plurality of wavelengths.

The invention can involve reduction of noise effects when
measuring a physiological parameter. It can include apparatus
for reducing the noise effects which comprises:

means for generating a plurality of measurements
derived from at least one wavelength of electromagnetic energy
transmitted through living tissue;

means for providing a signal indicative of the at
least one wavelength of electromagnetic energy;

means for comparing selected measurements with at
least one expected measurement characteristic;

means for assigning one of a plurality of variable
weights to each selected measurement based on the comparing
step thereby generating a plurality of differently weighted
measurements for each wavelength, the variable weights being
assigned, in part, in response to a similarity between each
selected measurement and a corresponding previous measurement,
the variable weights comprising a plurality of different non-
zero numbers;

means for averaging a plurality of the differently
Weighted measurements to obtain a filtered measurement for use
in estimating the physiological parameter; and

means for calibrating the system to measure the
physiological parameter in response to the signal indicative of

the at least one wavelength of electromagnetic energy.

The invention also includes a monitor for measuring a physiol-
ogical parameter, the monitor being for use with a sensor
having emitting means for emitting at least one wavelength of
electromagnetic energy, sensing means for sensing the electro-
magnetic energy and for generating a first signal repres-
entative thereof, means for detachably coupling the sensor to
the oximeter and for providing communication of signals between

the sensor and the oximeter, and means for providing a second
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signal indicative of the at least one wavelength of electro-
magnetic energy, the monitor comprising:

means for generating a plurality of measurements
derived from the first signal;

means for comparing selected measurements with at
least one expected measurement characteristic;

means for assigning one of a plurality of variable
weights to each selected measurement based on the comparing
step thereby generating a plurality of differently weighted
measurements, the variable weights being assigned, in part, in
response to a similarity between each selected measurement and
a corresponding previous measurement, the variable weights
comprising a plurality of different non-zero numbers;

means for averaging a plurality of the differently
weighted measurements to obtain a filtered measurement for use
in estimating the physiological parameter; and

means for calibrating the monitor to measure the

physiological parameter in response to the second signal.

The invention will now be described, by way of example only,

with reference to the accompanying drawings, in which:

Figure 1 is a schematic representation of apparatus for
measuring a physiological parameter such as oxygen

saturation of haemoglobin of a patient;

Figure 2 is a block diagram illustrating the flow of data

in apparatus such as that shown in Figure 1;

Referring to the drawings, Figure 1 shows apparatus for
measuring physiological parameters such as oxygen saturation of
haemoglobin of a patient. A sensor/oximeter combination 60
comprises a sensor 61 and an oximeter monitor 62. Sensor 61
includes LEDs 63 and 64 typically having wavelength emission
characteristics in the infrared and red ranges of the spectrum,
respectively. Photodiode sensor 65 receives the light

transmitted by LEDs 63 and 64. Resistor 66 (or a similar
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electrical impedance reference) is chosen to correspond to a
specific wavelength or combination of wavelengths as specified
by a table relating impedance values to wavelengths. Decoding
means 67 determines the impedance value of resistor 66, and
appropriate extinction coefficients are generated which
correspond to the transmission characteristics of the
particular sensor 61. Thus, the oximeter may be used with a._
variety of sensors having LEDs which emit varying wavelengths
of light without recalibration. The sensor 61 is detachably
coupled to oximeter monitor 62 via connector 68. An example of

such a sensor/oximeter combination is disclosed in US-4621643.

The data received from the sensor is processed according to the
scheme shown in Figure 2. It can be processed using apparatus
of the type disclosed in US-5348004. 1In initial process steps
12, 14, the natural logarithm of the data (usually from red and
infra red LEDs) is taken (step 12), and the data is band pass
filtered with an infinite impulse response (IIR) filter that
has a high pass cutoff frequency at 0.5 Hz (that is 30 beats
per minute) and a low pass rolloff from 10 to 20 Hz (step 14).
The filtered data can then processed by algorithms for calcul-
ation of oxygen saturation. The algorithms for processing the
filtered data can make use of Kalman filtering, with and
without cardiac gated averaging. Details of appropriate
algorithms for determining oxygen saturation which can be used

in the present invention are disclosed in International patent

application no. IB96/ filed with the present application
entitled METHOD AND APPARATUS FOR ADAPTIVELY AVERAGING DATA
SIGNALS, which bears the reference P21977A. Information

concerning these features of the present invention that is
disclosed in that document is incorporated in the specification

of the present application by this reference.

Information to be processed by an algorithm such as one which
involves Kalman filtering is preferably first processed by a
harmonic filter 17. That filter digitally filters the IR and

red waveforms such that only energy at integer multiples of the
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heart rate is allowed through the filter. The response of
harmonic filter 17 varies with the pulse rate which is supplied
by a pulse rate calculator to attenuate motion and noise energy
not at the heart rate. It can be appropriate for just only one
of the IR and red waveforms to be filtered by the harmonic
filter 17, although frequently, both will be filtered.

Data from the harmonic filter 17 can then be processed by a
Kalman filter with cardiac gated averaging (as disclosed in
International patent application no. IB96/ referred to
above), using triggers from an ECG waveform or from an
algorithm for calculating pulse rate, for example as disclosed
in International patent application no. IB96/ filed with
the present application entitled METHOD AND APPARATUS FOR
MEASURING PULSE RATE AND SATURATION, which bears the reference
P21977B. Information concerning these features of the present
invention that is disclosed in that document is incorporated in

the specification of the present application by this reference.

An oxygen saturation value is obtained by application of a
second Kalman filter. 1In contrast to the first Kalman filter
with cardiac gated averaging which is event based, the second
filter is time based. The second filter operates on data from
the band pass filter and on data from the first filter. Prior
to application of the second filter, data points resulting in
an impossible saturation calculation (for example negative
saturation) are rejected. After application of the second
filter, the best saturation wvalue 1is chosen according to

confidence levels associated with each value.

The saturation value after the second filter is displayed after
appropriate post-processing to determine whether and how it is
to be displayed. Confidence levels in the oxygen saturation
can be estimated from metrics available from the algorithms
performed on the oximeter data, determining which saturation
can be considered reliable. For example, the confidence level

can be determined dependent on the age of the signal from which
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the saturation level is calculated and the deviation of that
level from an estimated value. Details of techniques for
assessing the reliability of physiological parameters are
disclosed in International patent application no. IB96/

filed with the present application entitled METHOD AND APPAR-
ATUS FOR ARBITRATING TO OBTAIN BEST ESTIMATES FOR BLOOD
CONSTITUENT VALUES & REJECTING HARMONICS, which bears the.
reference P21977C. The techniques discloged in that document
can be used in the present invention. Information concerning
these features of the present invention that is disclosed in
that document is incorporated in the specification of the

present application by this reference.
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CLAIMS:

1. A method for measuring a blood constituent using data
corresponding to a wavelength of electromagnetic energy
transmitted through tissue of a patient, the method comprising
the steps of:
(a) filtering the data such that motion and noise
energy not at integer multiples of a heart rate of the

patient are attenuated, thereby generating filtered data;

(b) comparing selected filtered data with at least one

expected data characteristic;

(c) assigning one of a plurality of variable weights to
each selected filtered data based on the comparing step
thereby generating a plurality of differently weighted
filtered data, the variable weights comprising a

plurality of different non-zero numbers; and

(d) averaging a plurality of the differently weighted
filtered data to obtain a twice-filtered data for use in

estimating the blood constituent.

2. A method as claimed in claim 1, in which the filter is
characterized by a filter response which varies with the heart
rate of the patient.

3. A method as claimed in claim 1, in which there are a
plurality of wavelengths of electromagnetic energy transmitted
through the tissue of the patient, the steps of filtering and
comparing being applied to data corresponding to only one of
the plurality of wavelengths, the steps of assigning and
averaging being applied to data corresponding to the plurality
of wavelengths based on the filtering and comparing steps being
applied to one of the plurality of wavelengths.
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