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(7) ABSTRACT

The invention provides a method (10) for detecting a neural
respiratory drive measure of a user. The method includes
obtaining (100) an EMG signal and processing (200, 280)
the EMG signal to produce a surrogate respiration signal and
a processed EMG signal. Inhalations of the user are then
detected (300) based on the surrogate respiration signal. The
detected inhalations are then used in conjunction with the
processed EMG signal to determine (400) a neural respira-
tory drive measure of the user.
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METHODS AND SYSTEM FOR DETECTING
INHALATIONS AND EXTRACTING
MEASURES OF NEURAL RESPIRATORY
DRIVE FROM AN EMG SIGNAL

FIELD OF THE INVENTION

[0001] This invention relates to the field of signal pro-
cessing, and more specifically to the field of electromyo-
gram (EMG) signal processing.

BACKGROUND OF THE INVENTION

[0002] In patients with chronic obstructive pulmonary
disease (COPD) and other respiratory diseases, the assess-
ment of parasternal and/or diaphragm muscle activity mea-
sured from surface EMGs can be used to estimate the
intensity, timing and duration of patient respiratory effort.
This can serve as an indicator of the balance between
respiratory muscle load and respiratory muscle capacity. The
EMG signals during inhalation are related to the neural
respiratory drive (NRD). During lung hyperinflation, as
observed in COPD patients during acute exacerbation, there
is a change in the balance between respiratory muscle load
and capacity, which is reflected in the neural respiratory
drive. A lower capacity and higher load result in an increased
NRD. The EMG signals measured from respiratory muscles,
for example from parasternal muscles at the 2°¢ intercostal
space or from the diaphragm at the abdomen, via EMG
electrodes, during inhalation can be used as an indicator of
the deterioration or improvement of the patient. This may
also be used as a predictor of hospital readmission after
discharge.

[0003] 1In order to assess the respiratory muscle activity
during an inhalation, the time intervals corresponding to
inhalations need to be identified. Usually, signals measured
with a nasal cannula are used to determine the inhalation
intervals. For example, a nasal cannula may be connected to
a differential pressure transducer to identify inspiration and
expiration phases (as air flows in and out respectively), thus
to guide the NRD manual analysis. However, in practice, the
signals from nasal cannulas are often unreliable and/or
contaminated with signal artifacts. This is particularly fre-
quent in patients with COPD admitted to hospital with an
acute exacerbation, who often experience difficulties in
breathing through the nose and/or erratic breathing. The low
quality of the nasal cannula signals often results in the
algorithm being unable to compute an NRD value because
inhalation phases cannot be detected reliably from the nasal
cannula signal. In addition, if NRD values are being com-
puted, they may be incorrect because of incorrect inhalation
phase detection from the nasal cannula signal, potentially
leading to a misinterpretation of the patient’s condition. In
addition, wearing a nasal cannula can be uncomfortable for
the patient, especially during long-term contiruous record-
ings.

[0004] There are several causes of poor signal quality
from the nasal cannula. Firstly, the nasal cannula may not be
properly inserted into the nostrils, or it may become loose
during the course of a measurement period. In addition,
signal artifacts may be caused by movements of the cannula
inside the nostrils, which may occur when the patient is
moving or coughing. Another common problem is that the
patient may breathe partly, or completely, through the
mouth, in which case the nasal cannula signal may be very
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weak and noisy. Finally, large baseline offsets, which may
lead to false inhalation identification, may be present in the
nasal cannula signal.

[0005] There is therefore a need for a more reliable way to
determine the inhalation phases within an EMG signal, and
without requiring significant additional hardware.

SUMMARY OF THE INVENTION

[0006] The invention is defined by the claims.

[0007] According to examples in accordance with an
aspect of the invention, there is provided a method for
extracting a neural respiratory drive measure of a user, the
method comprising:

[0008] obtaining an EMG signal;

[0009] processing the EMG signal to produce a processed
EMG signal,

[0010] processing the EMG signal to produce a surrogate

respiration signal;
[0011] detecting inhalations of the user based on the
surrogate respiration signal; and

[0012] determining a neural respiratory drive measure
based on the detected inhalations and the processed EMG
signal.

[0013] This method derives the inhalations of a user solely

from an EMG signal of the user. Inhalation detection is
typically performed by way of a nasal cannula; however, this
can be inaccurate and uncomfortable for the user. By detect-
ing the inhalations of the user using a surrogate respiration
signal derived solely from an EMG signal, a more accurate
measurement may be obtained. This is due to the fact that the
EMG signal measures muscle activity rather than airflow,
meaning that the user may breathe through either the nose or
mouth without disrupting the EMG signal. In addition, as an
EMG signal is measured by way of external electrodes, the
measurement is more comfortable for the user.

[0014] The EMG signal is also processed to produce a
processed EMG signal, such as an RMS of the EMG signal
or a mean absolute value of the EMG signal. By detecting
the inhalations of the user from the surrogate respiration
signal and time aligning the inhalations with the processed
EMG signal, it is possible to identify a neural respiratory
drive measure of the user. Time aligning refers to the process
of aligning two signals so that they show the same time
window. The neural respiratory drive measure of the user,
for example the peak-inspiratory RMS EMG values, may
form the basis of many clinical parameters, such as the
NRD, of the user.

[0015] A raw EMG signal obtained directly from a user
often contains a large amount of noise and ECG signals. By
processing the EMG signal to produce a surrogate respira-
tion signal, the signal to noise ratio may be increased,
leading to a greater accuracy of inhalation detection. Inha-
lations may be detected from the surrogate respiration signal
by way of a simple threshold. In other words, if the signal
rises above a predetermined value, an inhalation is detected.
Alternatively, a signal dependent threshold may be used.
[0016] In an embodiment, processing the EMG signal to
produce a surrogate respiration signal comprises performing
spike removal on the EMG signal.

[0017] Transient spikes may appear in the EMG signal for
a number of reasons, such as a pacemaker of the user. These
spike signals may be non-physiological, meaning that they
do not represent muscle activity, and so do not contribute
useful information to the EMG signal. The transient spikes
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may be also be physiological, for example due to the ECG
signals. By removing the spikes from the EMG signal, the
signal to noise ratio is increased.

[0018] In some embodiments, processing the EMG signal
to produce a surrogate respiration signal comprises applying
a first high pass filter to the EMG signal.

[0019] In further embodiments, the first high pass filter has
a cutofl’ frequency of greater than or equal to 150 Hz.
Typically, 200 Hz is chosen as the cutoff frequency.
[0020] The EMG signal will typically contain ECG signal
contamination. By applying a first high pass filter to the
EMG signal, it is possible to reduce and/or remove the ECG
signal contamination. In addition, applying the first high
pass filter may also reduce various low-frequency artifacts
and noise in the EMG signal.

[0021] In an arrangement, the processing of the EMG
signal to produce a surrogate respiration signal comprises
performing envelope detection on the EMG signal, wherein
the envelope detection comprises:

[0022] applying a rectification operator to the EMG signal,
to generate a second EMG signal; and

[0023] applying a low pass filter to the second EMG
signal.
[0024] The envelope detection computes a low-frequency

envelope measure of the high-frequency EMG signal, which
is representative of the breathing of the user. By applying a
rectification operator to the EMG signal, it is possible to
prevent the signal averaging to zero. The low pass filter is
then applied to the second EMG signal, thereby producing
an EMG envelope signal, which may then be used as the
basis of the inhalation detection. The low pass filter addi-
tionally acts as the final smoothing stage for the signal to
reduce the noise in the EMG signal.

[0025] In a further arrangement, the second EMG signal
comprises an energy-like measure of the EMG signal.

[0026] In a yet further arrangement, the energy-like mea-
sure of the EMG signal comprises at least one of the
Teager-Kaiser energy and the conventional energy.

[0027] The Teager-Kaiser energy operator is efficient
and simple to implement, meaning that it is possible to
compute an energy-like measure of the EMG signal
without negatively impacting the performance of the
system. The conventional energy is simply the sum of
a number of squared signal values.

[0028] In an embodiment, the rectification operator com-
prises at least one of the absolute operator and the square
operator.

[0029] By applying a rectifying operator to the EMG
signal, such as the absolute or square operator, it is possible
rectify the EMG signal and perform signal envelope detec-
tion by way of the low pass filter.

[0030] In some designs, processing the EMG signal to
produce a surrogate respiration signal comprises downsam-
pling the EMG signal.

[0031] Downsampling is the process of reducing the sam-
pling rate of a signal, which is used to reduce the size of the
signal data set. In this way, it is possible to reduce the
memory and processing requirements for processing the
EMG signal.

[0032] In an embodiment, processing the EMG signal to
produce a surrogate respiration signal comprises applying a
median filter to the EMG signal.
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[0033] By using a median filter, it is possible to remove
any remaining residual spike signals, which were not
removed by initial spike removal or the first high pass filter,
from the EMG signal.
[0034] 1In an arrangement, processing the EMG signal to
produce a surrogate respiration signal comprises applying a
second high pass filter to the EMG signal.
[0035] By applying the second high pass filter to the EMG
signal, the baseline component of the signal is removed. In
this way, underlying signal trends, which are not relevant to
the determination of inhalation phases from the EMG signal,
may be removed. This may lead to a more accurate surrogate
respiration signal, and so more accurate inhalation detection.
[0036] In some arrangements, the method further com-
prises computing the neural respiratory drive of the user
based on the neural respiratory drive measure.
[0037] By computing the neural respiratory drive of the
user, it is possible to monitor the respiratory function and
health of the user.
[0038] According to examples in accordance with an
aspect of the invention, there is provided a computer pro-
gram comprising computer program code means which is
adapted, when said computer is run on a computer, to
implement the method described above.
[0039] According to examples in accordance with an
aspect of the invention, there is provided an inhalation
detection system comprising:
[0040] an EMG electrode adapted to measure the EMG
signal; and
[0041] a controller, wherein the controller is adapted to:
[0042] obtain an EMG signal;
[0043] process the EMG signal to produce a processed
EMG signal;
[0044] process the EMG signal to produce a surrogate
respiration signal;
[0045] detect inhalations of the user based on the sur-
rogate respiration signal; and
[0046] determine a neural respiratory drive measure
based on the detected inhalations and the processed
EMG signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] Examples of the invention will now be described in
detail with reference to the accompanying drawings, in
which:

[0048] FIG. 1 shows a method according to an embodi-
ment of the invention;

[0049] FIG. 2 shows a series of plots illustrating the EMG
signal during various method steps of FIG. 1 in comparison
to a signal taken from a nasal cannula; and

[0050] FIG. 3 shows an inhalation detection system.
DETAILED DESCRIPTION OF THE
EMBODIMENTS
[0051] The invention provides a method for detecting a

neural respiratory drive measure of a user. The method
includes obtaining an EMG signal and processing the EMG
signal to produce a surrogate respiration signal and a pro-
cessed EMG signal. Inhalations of the user are then detected
based on the surrogate respiration signal. The detected
inhalations are then used in conjunction with the processed
EMG signal to determine a neural respiratory drive measure
of the user.
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[0052] FIG. 1 shows a method 10 for detecting inhalations
of a user and using these to determine a neural respiratory
drive measure of the user, according to an embodiment.
[0053] In step 100 an EMG signal is obtained from the
user. For example, the EMG signal may be measured by way
of two EMG electrodes placed on the second intercostal
space of the patient, with one electrode located either side of
the sternum. An exemplary EMG signal measured in this
way is shown in the graphs 500 of FIG. 2 by the emg_raw
plot 510.

[0054] As the obtained EMG signal will contain a large
amount of noise and ECG contamination, the EMG signal
may undergo a series of processing steps 200 in order to
produce a surrogate respiration signal to be used in inhala-
tion detection.

[0055] In step 210, spike removal may be performed on
the EMG signal. Transient, non-physiological spikes may
appear in the EMG signal, for example due to a pacemaker
of the user. The transient spikes may be also be physiologi-
cal, for example due to the ECG signals. By removing the
spikes from the EMG signal, the signal to noise ratio is
increased.

[0056] In step 220, a first high pass filter may be applied
to the EMG signal. The first high pass filter has a cutoff
frequency of greater than or equal to 150 Hz. Typically, 200
Hz is chosen as the cutoff frequency.

[0057] Applying the first high pass filter to the EMG
signal will reduce the low-frequency noise and motion
artifacts in the signal. The EMG signal may contain tonic
activity signals, which correspond to slow physiological
responses in the muscles, such as tonic intercostal muscle
activity associated with a specific posture at the measure-
ment location of the EMG signal. These signals are not
useful for performing inhalation detection and so act as
noise within the EMG signal. Due to the low frequency
nature of the tonic activity signals, they may be suppressed
and/or removed up to a certain extent by the first high pass
filter.

[0058] In addition to tonic activity, the EMG signal may
also contain substantial ECG signal contamination. ECG
signals typically lie in the frequency range 0.01-300 Hz,
whereas EMG signals lie in the range 50-3000 Hz. By
applying a high pass filter with a cutoff frequency of 200 Hz
to the obtained EMG signal, the ECG contamination may be
reduced and/or eliminated. Movement artifacts and addi-
tional noise may arise from a number of sources, such as
shifting of the EMG electrodes due to the motion of the
user’s chest or pulling on the cables connected to the
electrodes. These may also be reduced and/or removed by
way of the first high pass filter.

[0059] 1Instep 230, a rectification operator is applied to the
EMG signal, generating a second EMG signal. Rectification
is the translation of the EMG signal to a single polarity.
Full-wave rectification can be readily achieved by way of
the absolute operator. Alternatively, rectification may also be
achieved by way of the square operator, which squares the
signal values. This is done to ensure that the signal does not
average to zero when undergoing statistical analysis. In
another example, the rectification of the EMG signal may be
achieved by performing a Hilbert transform on the analytical
EMG signal.

[0060] The rectification operator may produce an absolute
value or energy-like measure of the EMG signal such as the
conventional or Teager-Kaiser energy.
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[0061] Forming the surrogate respiration signal from an
absolute value or energy-like measure of the EMG signal
greatly simplifies the process of performing inhalation
detection. The conventional energy is defined as (a
smoothed version of) the square of the signal. The Teager-
Kaiser energy of the EMG signal is calculated using the
Teager-Kaiser operator, as follows:

A= (O-x(5(0),

[0062] where: 1 is the Teager-Kaiser operator; x is a
function of time, such as the EMG signal; x is the first
derivative of function x with respect to time; and X is the
second derivative of function x with respect to time. As the
absolute value, as well as conventional and Teager-Kaiser
energy operators are not computationally complex, they may
be implemented without significantly increasing the pro-
cessing requirements of the system.

[0063] In step 240, downsampling may be performed on
the EMG signal.

[0064] Downsampling reduces the sampling rate of the
EMG signal, thereby reducing the size of the signal data set.
This in turn may reduce processing power and memory
required to analyze and manipulate the signal. The inhala-
tion detection may be based on the low frequency nature of
the EMG signal envelope, meaning that a reduction in the
sampling rate of the signal does not lead to a reduction in the
performance or accuracy of the inhalation detection. In other
words, downsampling may be performed to increase the
efficiency of the inhalation detection process, whilst main-
taining the accuracy of the results. The plot emg_ds 520
shows the result of performing downsampling on the
energy-like measure of the spike-removed (partially), high-
pass filtered emg_raw signal 510.

[0065] In step 250, a median filter may be applied to the
EMG signal.
[0066] The median filter is a non-linear filter to suppress

any spikes that remain in the EMG signal, whilst not
smearing out those spikes. The plot emg_med 530 of FIG.
2 shows the result of applying a median filter to the
downsampled EMG signal energy, emg_ds 520. The reduc-
tion in the number of remaining spikes in the EMG signal
energy due to the median filter can be clearly seen by
comparing the two plots. The filter works by obtaining a
value in a sequence of signal values, comparing it to
neighboring values and taking the median value as the
output value for that location within the sequence. The filter
may be defined, for a sequence of signal values as follows:

yoy=F{x(n), L},

[0067] where: y(n) is the n™ output value; F is the median
filter operator; x(n) is the n” signal value; and L is the
number of consecutive signal values used to compute the
output value. For example, for L=3, only the signals on
either side of x(n), i.e. x(n+1) and x(n-1), are used in the
comparison to compute the output value y(n). In another
example, the last three values in the series may be used, i.e.
x(n), x(n-1) and x(n-2). For each signal value, according to
the first example, the output value, y(n), is given as the
median value of the sequence:

x[n-L2]to x[n+L/2-1], for even L, or

x[n-(L-1)/2] to x[n+(L-1)/2], for odd L.

[0068]
signal.

In step 260, a low pass filter is applied to the EMG
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[0069] A low pass filter is applied to the previously
rectified and subsequently cleaned EMG signal to perform
envelope estimation and the final stage of signal smoothing.
The steps 230 to 260 inclusive perform the function of
envelope detection. Alternatively, envelope detection may
be performed by only steps 230 and 260. The plot emg_Ipf
540 shows the final EMG envelope signal as a result of
applying the low pass filter to the median filtered, down-
sampled, rectified EMG signal, emg_med 530. By compar-
ing the two plots, it is clear to see that any high frequency
components of the emg_med plot have been removed to
provide the envelope signal shown in the emg_Ipf plot.
[0070] In step 270, a second high pass filter may be
applied to the EMG signal.

[0071] The second high pass filter may be introduced to
remove the baseline, or background, component signals
from the EMG signal. Baseline removal is used to obtain a
signal that oscillates around zero, which may be required for
the detection of inhalations. Additionally, baseline removal
may reduce the effect of background signals, which may
introduce false trends to the data, and emphasize the true
signal. This increases the accuracy of the inhalation detec-
tion. The plot emg_Ipf 550, the surrogate respiration signal,
shows the result of applying the second high pass filter to the
envelope signal, emg_lpf 540.

[0072] The steps described above form a processing
branch that applies relatively heavy preprocessing to the raw
EMG signal. In parallel, there is less heavy preprocessing of
the EMG signal to produce a processed EMG signal. This
branch is described below.

[0073] In step 280, the EMG signal is processed to pro-
duce a processed EMG signal, such as an RMS of the EMG
signal or a mean absolute value of the EMG signal. The
RMS of the EMG signal may be computed as follows:

1

T [x(0))2dt

Xpms(2) =

[0074] where: x,,,.(t) is the RMS EMG signal; and T, and
T, are the beginning and end of the time period covering the
signal of interest, respectively.

[0075] In step 300, the inhalations of the user are detected
based on the surrogate respiration signal produced by the
processing steps 200.

[0076] The inhalations may be detected using the signal
emg_hpf550 using a simple threshold 555. If the signal rises
above the threshold, an inhalation is detected. The threshold
may, for example, be set at 0; however, the threshold may
also be set at any other desired level. The threshold may also
be derived in an adaptive data-dependent manner, meaning
the position of the threshold may be determined based on,
for example, the amplitude of the signal. This can be
compared to the signal nasal_cannula 560, wherein the
valleys of the signal represent inhalations and the peaks
represent exhalations of the user, measured by way of a nasal
cannula.

[0077] Looking to the twenty second period between 320
and 340s, it can be clearly seen that the emg_hpf signal
detects multiple inhalations of the user; whereas, the nasal_
cannula signal detects far fewer inhalations, with a period of
roughly 10 seconds where no inhalations are detected at all.
This discrepancy may occur due to the patient breathing
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through their mouth, rather than their nose, meaning that the
inhalations are not detected by the nasal cannula. As the
EMG signal is not dependent on whether the patient breathes
through their mouth or nose, no inhalations are missed. This
leads to a greater accuracy in overall inhalation detection
and so in the computation of a neural respiratory drive
measure.

[0078] In step 400, the neural respiratory drive measure is
determined based on the detected inhalations and the pro-
cessed EMG signal.

[0079] The neural respiratory drive of the user may be
computed based on the neural respiratory drive measure. As
the accuracy of the detected inhalations is improved, as
described above, the accuracy of the neural respiratory drive
is also improved.

[0080] FIG. 3 shows a system 600 for detecting inhala-
tions of a user 610.

[0081] Two EMG electrodes 620 are provided at the
second intercostal space of the user, with one electrode
located at either side of the sternum. Alternatively, the
electrodes may be located at the upper abdomen of the user,
thereby measuring EMG signals from the diaphragm. The
electrodes may be provided in a single patch to be admin-
istered to the user, or individually.

[0082] The EMG electrodes detect an EMG signal of the
user, which may then be provided to a signal processing unit
630. The signal processing unit may contain an analogue to
digital converter 640, which is adapted to convert the
analogue EMG signal to a digital form. In this way, the EMG
signal may be processed by a digital system.

[0083] The digitized EMG signal may then be provided to
a controller 650 adapted to process the EMG signal to
generate a surrogate respiration signal. The controller may
also be adapted to detect inhalations of the user based on the
surrogate respiration signal. In addition, the controller may
also be adapted to process the EMG signal to produce a
processed EMG signal and, based on the detected inhala-
tions and processed EMG signal, determine neural respira-
tory drive measure of the user. The detected inhalations, or
neural respiratory drive measure, may form the output 660
of the controller, which may then be used by a further
processor to compute an NRD of the user. Alternatively, the
computation of the NRD may be performed by the controller
650, in which case the output 660 may be the NRD of the
user. The output of the controller may be provided to a user
interface of the system, or it may be provided to further
processing systems. The controller may be a microcontroller
or any other suitable processor.

[0084] The sequence of processing steps given above is
purely by way of example.

[0085] For example, any high pass filter operation may be
implemented by a band pass filter, in that there will be a
highest frequency region which is not of interest and can
thus also be filtered out. Similarly, any low pass filter
operation may be implemented by a band pass filter, in that
there will be a lowest frequency region which is not of
interest and can thus also be filtered out.

[0086] The different signal processing steps are explained
above to make the operation of the method and system clear.
In practice, the raw EMG signal will first be digitized and
then all subsequent signal processing is implemented by a
digital signal processing system. In such signal processing,
the different processing steps are not necessarily individu-
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ally distinguishable. Furthermore, some of the signal pro-
cessing functions are optional.

[0087] For example, the downsampling step 240 is not
fundamental to the underlying signal processing concept and
is entirely optional.

[0088] The baseline removal, performed by the second
high pass filter 270, is also optional, in that the previous
envelope signal may be analyzed based on rising and falling
edges, rather than applying a threshold to the baseline-
removed version of the signal. In this case, the surrogate
respiration signal would take the form of the emg_Ipf plot
540 of FIG. 2, rather than the emg_hpf plot 550.

[0089] The initial spike removal may also not be used,
since subsequent filtering operations may be sufficient to
prevent corruption of the signal processing results.

[0090] Thus, in general terms, the signal processing com-
prises filtering to remove ECG contamination, determination
of a signal absolute value or energy-like measure, followed
by smoothing, and the inhalation phases can then be deter-
mined from the smoothed signal. The detected inhalation
phases, and a processed EMG signal, can then be used to
determine a neural respiratory drive measure of the user.
[0091] The invention enables a simple and easy to use,
accurate and reproducible (automated) NRD measurement,
which can be applied in the home to monitor the respiratory
condition of a COPD patient, for example. The system is
easy to use for the patient, since it is likely that the
measurement will be self-administered and affordable. In
particular, a single sensor patch may be used for both EMG
signal collection and inhalation detection, without the need
for a differential pressure sensor.

[0092] The system may be used to measure NRD, or any
other respiratory effort parameter which takes account of the
inspiratory and expiratory time intervals. As discussed
above, embodiments make use of a signal processing unit.
The signal processing unit can be implemented in numerous
ways, with software and/or hardware, to perform the various
functions required. A processor is one example of a control-
ler which employs one or more microprocessors that may be
programmed using software (e.g., microcode) to perform the
required functions. A controller may however be imple-
mented with or without employing a processor, and also may
be implemented as a combination of dedicated hardware to
perform some functions and a processor (e.g., one or more
programmed microprocessors and associated circuitry) to
perform other functions.

[0093] Examples of controller components that may be
employed in various embodiments of the present disclosure
include, but are not limited to, conventional microproces-
sors, application specific integrated circuits (ASICs), and
field-programmable gate arrays (FPGAs).

[0094] In various implementations, a processor or control-
ler may be associated with one or more storage media such
as volatile and non-volatile computer memory such as
RAM, PROM, EPROM, and EEPROM. The storage media
may be encoded with one or more programs that, when
executed on one or more processors and/or controllers,
perform the required functions. Various storage media may
be fixed within a processor or controller or may be trans-
portable, such that the one or more programs stored thereon
can be loaded into a processor or controller.

[0095] Other variations to the disclosed embodiments can
be understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the draw-
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ings, the disclosure, and the appended claims. In the claims,
the word “comprising” does not exclude other elements or
steps, and the indefinite article “a” or “an” does not exclude
a plurality. The mere fact that certain measures are recited in
mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage.
Any reference signs in the claims should not be construed as
limiting the scope.

1. A method for extracting a neural respiratory drive
measure of a user, the method comprising:

obtaining an EMG signal;

processing the EMG signal to produce a processed EMG

signal;

processing the EMG signal to produce a surrogate respi-

ration signal,
wherein the surrogate respiration signal is obtained only
from the EMG signal;

detecting inhalations of the user based on the surrogate

respiration signal; and

determining a neural respiratory drive measure based on

the detected inhalations and the processed EMG signal.

2. Amethod as claimed in claim 1, wherein the processing
of the EMG signal to produce a surrogate respiration signal
comprises performing spike removal on the EMG signal.

3. Amethod as claimed in claim 1, wherein the processing
of the EMG signal to produce a surrogate respiration signal
comprises applying a first high pass filter to the EMG signal.

4. A method as claimed in claim 3, wherein the first high
pass filter has a cutoff’ frequency of greater than or equal to
150 Hz, for example 200 Hz.

5. A method as claimed in claim 1, wherein the processing
of the EMG signal to produce a surrogate respiration signal
comprises performing envelope detection on the EMG sig-
nal, wherein the envelope detection comprises:

applying a rectification operator to the EMG signal, to

generate a second EMG signal; and

applying a low pass filter to the second EMG signal.

6. A method as claimed in claim 5, wherein the second
EMG signal comprises an energy-like measure of the EMG
signal.

7. A method as claimed in claim 6, wherein the energy-
like measure of the EMG signal comprises at least one of the
Teager-Kaiser energy and the conventional energy.

8. A method as claimed in claim 5, wherein the rectifl-
cation operator comprises at least one of the absolute
operator and the square operator.

9. A method as claimed in claim 1, wherein the processing
of the EMG signal to produce a surrogate respiration signal
comprises downsampling the EMG signal.

10. A method as claimed in claim 1, wherein the process-
ing of the EMG signal to produce a surrogate respiration
signal comprises applying a median filter to the EMG signal.

11. A method as claimed in claim 1, wherein the process-
ing of the EMG signal to produce a surrogate respiration
signal comprises applying a second high pass filter to the
EMG signal.

12. A method as claimed in claim 1, wherein the method
farther comprises computing the neural respiratory drive of
the user based on the neural respiratory drive measure.

13. A computer program comprising computer program
code means which is adapted, when said computer is run on
a computer, to implement the method of claim 1.
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14. A controller for determining a neural respiratory drive
measure of a user in an EMG measurement system, wherein
the controller is adapted to:

obtain an EMG signal;

process the EMG signal to produce a processed EMG

signal wherein the surrogate respiration signal is pro-
duced only from the EMG signal;

process the EMG signal to produce a surrogate respiration

signal,

detect inhalations of the user based on the surrogate

respiration signal; and

determine a neural respiratory drive measure based on the

detected inhalations and the processed EMG signal.

15. An inhalation detection system comprising:

an EMG electrode adapted to measure the EMG signal,

and

a controller as claimed in claim 14.
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