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(57) A method of monitoring one or more of a heart-
beat of a live vertebrate animal and a respiration rate of
the live vertebrate animal, the method comprising: meas-
uring a frequency spectrum of radar light reflected off the
live vertebrate animal; determining amplitudes of a se-
lected proper subset of the Fourier components of said

frequency spectrum; and feeding the amplitudes of the
Fourier components of the proper subset and/or param-
eters derived from said Fourier components of the proper
subset into a neural network to make a characterization
of the heartbeat and/or respiration rate of the live verte-
brate animal.
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Description

Specification

Field of the invention

[0001] The disclosure relates to a method of monitoring
one or more of a heartbeat of a live vertebrate animal
and a respiration rate of the live vertebrate animal.
[0002] The disclosure further relates to an apparatus
for monitoring one or more of a heartbeat of a live verte-
brate animal and a respiration rate of the live vertebrate
animal.

Background

[0003] In medicine, monitoring is the observation of a
disease, condition or one or several medical parameters
over time. Monitoring can e.g. be performed by continu-
ously measuring certain parameters by using a medical
monitor (for example, by continuously measuring vital
signs by a bedside monitor), and/or by repeatedly per-
forming medical tests (such as blood glucose monitoring
with a glucose meter in people with diabetes mellitus).
Medical life signs monitoring of patients is necessary in
hospitals, intensive care, emergency ambulance, Mobile
Intensive Care Units (MICU), homes and other settings
for care. Transmitting data from a monitor to a distant
monitoring station is known as telemetry or biotelemetry.
[0004] Monitoring can be classified by the target of in-
terest, including amongst others: cardiac monitoring, res-
piration monitoring, and so on.
[0005] Monitoring of vital parameters can include sev-
eral of the aspects mentioned above, and may e.g. in-
clude blood pressure and heart rate, and preferably also
pulse oximetry and respiratory rate. Multimodal monitors
that simultaneously measure and display the relevant vi-
tal parameters may be integrated into bedside monitors
in critical care units, and the anesthetic machines in op-
erating rooms. These allow for continuous monitoring of
a patient, with medical staff being continuously informed
of the changes in general condition of a patient. Some
monitors may be configured to warn of pending fatal car-
diac conditions before visible signs are noticeable to clin-
ical staff, such as atrial fibrillation or premature ventricular
contraction (PVC).
[0006] A medical monitor or physiological monitor is a
medical device used for monitoring. It can consist of one
or more sensors, processing components, display devic-
es, as well as communication links for displaying or re-
cording the results elsewhere through a monitoring net-
work.
[0007] Sensors of medical monitors may include bio-
sensors and mechanical sensors. Conventional sensors
are usually fixed at the patient’s body and connected with
wires to the medical monitor (for example cardiac sen-
sors for heart rate). Other conventional sensors for res-
piration monitoring (sensors for flow, pressure and vol-

ume) may be built in a medical ventilator.
[0008] A major disadvantage of today’s conventional
medical life signs monitoring systems are the tethered
sensors. The wired sensors constrain the patient and the
nursing auxiliary. Based on the movement of the patient,
the dependability of the monitoring with tethered sensors
may be rather limited.
[0009] Conventional sensors that are positioned dis-
tant to the patient (like the pressure, volume and flow
sensors of a conventional respiration monitoring device)
can only insufficiently record the parameters at the pa-
tient. There is always a gap between an adjusted refer-
ence value at the machine and an actual value at the
patient. Leakages of the connecting tube, the endotra-
cheal tube or the respiratory mask between the ventilator
and the patient are difficult to detect.
[0010] Incipient spontaneous breathing and cough of
the patient is also difficult to detect by said conventional
systems. Furthermore, a change of a patient’s lung vol-
ume, e.g. caused by illness, can neither be reliably de-
tected by the conventional systems. Moreover, state-of-
the-art medical ventilators with sensors that are posi-
tioned distant to the patient can’t be optimized for the
individual patient. This implies a high potential risk of in-
juring the patient with the ventilation. Also, ventilators
that are not optimized for an individual patient may extend
the time needed to remove the ventilator from said pa-
tient.
[0011] As a further disadvantage of conventional med-
ical monitoring, today there is no monitoring of a patient’s
movement in the bed, although this represents very im-
portant information in intensive care for example in an
anesthetic recover room or when monitoring patients in
coma state.

Summary

[0012] Various embodiments provide an improved
method of monitoring and an improved apparatus for
monitoring one or more of a heartbeat of a live vertebrate
animal and a respiration rate of the live vertebrate animal
which do not suffer from one or more of the above-men-
tioned limitations.
[0013] In some embodiments, the method may com-
prise measuring a frequency spectrum of radar light re-
flected off the live vertebrate animal, determining ampli-
tudes of a selected proper subset of the Fourier compo-
nents of said frequency spectrum, and feeding the am-
plitudes of the Fourier components of the proper subset
into a neural network to make a characterization of the
heartbeat and/or respiration rate of the live vertebrate
animal. This advantageously enables remote and con-
tactless medical life signs monitoring (e.g. for use in in-
tensive care) of vertebrate animals such as human be-
ings or other mammals. Although the principle according
to the embodiments is not limited to applications for hu-
man beings, in the following description, typical applica-
tions related to the medical monitoring of human beings
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are exemplarily provided.
[0014] In the context of the disclosure, "radar light"
means electromagnetic waves that can be transmitted
to a patient to be monitored, and that are at least partly
reflected off the patient’s body or parts thereof (e.g., the
thorax), wherein at least a portion of the reflected elec-
tromagnetic waves is received and processed according
to the principle of the embodiments. The reflected elec-
tromagnetic waves may also be denoted as "radar echo
signal". The use of said radar light advantageously ena-
bles a remote measurement, especially without requiring
any sensors or other measurement equipment to be ar-
ranged at a patient’s body.
[0015] Preferably, according to an embodiment, elec-
tromagnetic waves of the millimeter-wave type are used.
As an example, electromagnetic waves with frequencies
in the W band or the F band of the electromagnetic spec-
trum may be used for irradiating a patient’s body. The W
band of the microwave part of the electromagnetic spec-
trum ranges from 75 GHz to 110 GHz (Gigahertz), which
corresponds with wavelengths λ between about 4 mm
(Millimeter) and about 2.7 mm. The F band ranges from
90 GHz to 140 GHz, which corresponds with wavelengths
λ between about 3.3 mm and about 2.1 mm.
[0016] Further, in the context of the disclosure, a "prop-
er subset", which is a well-defined mathematical term,
means a set which is smaller than the entire set. Thus,
a proper subset of the Fourier components is less than
all of the Fourier components.
[0017] The principle according to the embodiments
can be used in care as well as in intensive care. Further-
more, it can be used in emergency ambulance. According
to preferred embodiments, the monitored medical life
signs are breathing and heartbeat activity. According to
further embodiments, also the monitoring of a patient’s
motion is possible.
[0018] According to Applicant’s analysis, the electro-
magnetic waves used to irradiate at least portions of the
patient’s body are reflected by the patient’s body, partic-
ularly by the usually continuously moving chest portion
and blood vessels. Additionally, said reflected electro-
magnetic waves may be influenced by the patient’s mo-
tion features.
[0019] By analysis of the so reflected radar echo signal
with algorithms according to the embodiments explained
in detail further below, contactless and remote medical
life signs monitoring is possible. The Doppler effect shifts
and broadens the frequency of the emitted radar echo
signal. While the frequency shift may be characteristic
for a radial velocity of the chest and/or the blood vessels
and/or the patient’s motion features as seen from the
radar transmitter, the spectral broadening is character-
istic of internal movements of the chest, the blood vessels
and the patient’s motion features, such as proper motions
and pulsations caused by respiration, heartbeat and body
motion of the patient. The characteristic spectral broad-
ening of the moving chest, the changing blood vessel
features and the moving patient may be denoted as a

"Doppler signal" and, with a proper selection of the radar
frequency for the used electromagnetic waves, may pro-
duce an acoustic sound signal (e.g., a signal having fre-
quencies within a range between about 0 Hz and about
4 kHz) as the difference between the reflected and the
emitted radar echo signal.
[0020] According to an embodiment, alternatively to or
in addition to feeding the amplitudes of the Fourier com-
ponents into a neural network, it is also possible to derive
certain parameters from said Fourier components of the
proper subset and to feed said parameters derived from
said Fourier components into said neural network to
make said characterization of the heartbeat and/or of the
respiration rate (and/or of a movement) of the live verte-
brate animal, which may increase a precision of the meth-
od or the characterization so obtained, respectively.
[0021] According to a further embodiment, the meas-
ured amplitudes of the Fourier components of the select-
ed proper subset have larger variances than the meas-
ured amplitudes of remaining ones of the Fourier com-
ponents, which may further contribute to a precision of
the characterization of the heartbeat and/or the respira-
tion rate (and/or of a movement).
[0022] According to a further embodiment, different
ones of the Fourier components of the selected proper
subset are substantially uncorrelated over time.
[0023] According to a further embodiment, cepstral co-
efficients associated with said proper subset are deter-
mined and fed into said neural network. This may even
further increase the precision of the characterization of
e.g. the heartbeat or respiration rate (and/or of a move-
ment) obtained via said neural network.
[0024] According to a further embodiment, the cepstral
coefficients may be obtained by squaring an amplitude
of respective Fourier components, by taking the loga-
rithm of each so obtained squared Fourier component,
and by performing an inverse Fourier transformation, par-
ticularly an inverse fast Fourier transformation (IFFT), on
this data.
[0025] According to a particularly preferred embodi-
ment, for each Fourier component of the selected proper
subset, a corresponding cepstral coefficient is deter-
mined, and the so obtained group of cepstral coefficients
(or, according to further embodiments, a selection, i.e.
only a part thereof) is provided as input data to said neural
network to make said characterization of the heartbeat
and/or respiration rate of the live vertebrate animal.
[0026] According to yet another embodiment, a princi-
pal component analysis, PCA, is applied to said cepstral
coefficients, whereby principal components associated
with said cepstral coefficients are obtained, wherein said
principal components are fed into said neural network.
[0027] According to a further embodiment, only some
of the determined principal components are fed to the
neural network.
[0028] In other words, according to some embodi-
ments it is possible to feed said selected proper subset
of the Fourier components to said neural network for
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characterisation. According to further embodiments, (on-
ly) cepstral coefficients obtained from Fourier compo-
nents of the selected proper subset are fed to said neural
network.
[0029] According to other embodiments, (only) princi-
pal components as obtained by PCA based on said ce-
pstral coefficients are fed into said neural network.
[0030] According to further preferred embodiments,
combinations of one or more types of the abovemen-
tioned potential input data is fed into said neural network,
e.g. amplitudes of the selected proper subset of the Fou-
rier components and/or corresponding a cepstral coeffi-
cients and/or corresponding principal components ob-
tained from PCA of cepstral coefficients.
[0031] According to a further embodiment, medical
equipment e.g. for supporting life functions of a patient
and/or for treating said patient may be controlled based
on the characterization obtained according to the princi-
ple of the embodiments.
[0032] According to a particularly preferred embodi-
ment, a ventilator, which for example supports a breath-
ing function of a patient, may be controlled based on the
characterization obtained by said neural network.
[0033] Some embodiments feature an apparatus for
monitoring one or more of a heartbeat of a live vertebrate
animal and a respiration rate of the live vertebrate animal,
the apparatus comprising: a source of radar light; a light
detector to measure a frequency spectrum of radar light
reflected off the live vertebrate animal; a digital data proc-
essor being configured to receive said measured fre-
quency spectrum from the light detector and to determine
amplitudes of a selected proper subset of the Fourier
components of said frequency spectrum; and being con-
figured to make a characterization of the heartbeat and/or
respiration rate of the live vertebrate animal based on
said Fourier components of the proper subset. According
to an embodiment, the digital data processor is config-
ured such that measured amplitudes of the Fourier com-
ponents of the selected proper subset have larger vari-
ances than the measured amplitudes of remaining ones
of the Fourier components.
[0034] According to a further embodiment, different
ones of the Fourier components of the selected proper
subset are substantially uncorrelated over time.
[0035] According to an embodiment, the apparatus in-
cludes a neural network and is configured to feed the
amplitudes of the Fourier components of the selected
proper subset into the neural network for making said
characterization of the heartbeat and/or respiration rate
of the live vertebrate animal.
[0036] According to further embodiments, the appara-
tus may also be configured to derive one or more param-
eters from said Fourier components of the proper subset,
and the apparatus may be configured to make a charac-
terization of the heartbeat and/or respiration rate of the
live vertebrate animal based on said Fourier components
of the proper subset and/or on said one or more param-
eters from said Fourier components of the proper subset.

[0037] According to a further embodiment, the appa-
ratus may be configured to feed the amplitudes of the
Fourier components of the selected proper subset and/or
said parameters derived from said Fourier components
of the proper subset into the neural network for making
said characterization of the heartbeat and/or respiration
rate of the live vertebrate animal.
[0038] According to an embodiment, the apparatus is
configured to determine cepstral coefficients associated
with said proper subset and to feed said cepstral coeffi-
cients into said neural network.
[0039] According to an embodiment, said apparatus is
configured to apply a principal component analysis, PCA,
to said cepstral coefficients, whereby principal compo-
nents associated with said cepstral coefficients are ob-
tained, and to feed said principal components (or a proper
subset thereof) into said neural network.
[0040] According to a further embodiment, a ventilator
is provided, and the apparatus is configured to control
said ventilator based on the characterization of the neural
network. For this purpose, the ventilator may comprise
an interface and may be configured to be controlled
based on said characterization of the neural network.

Brief description of the figures

[0041] Further features, aspects and advantages of
the illustrative embodiments are given in the following
detailed description with reference to the drawings in
which:

Figure 1 schematically depicts a scenario according
to an embodiment,

Figure 2 schematically depicts a block diagram of
an apparatus according to an embodiment,

Figure 3A depicts a simplified flow-chart of a method
according to an embodiment,

Figure 3B depicts a simplified flow-chart of a method
according to a further embodiment,

Figure 4 schematically depicts a scenario according
to a further embodiment,

Figure 5 schematically depicts a spatial arrange-
ment of components according to an em-
bodiment,

Figure 6A schematically depicts a block diagram of a
signal processing chain according to an
embodiment,

Figure 6B schematically depicts a block diagram of
details of the signal processing chain ac-
cording to Figure 6A,
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Figure 7 schematically depicts a topology of a neural
network according to an embodiment,

Figure 8 schematically depicts a table illustrating ex-
emplary output data of a neural network ac-
cording to an embodiment,

Figure 9A schematically depicts a block diagram of a
signal processing chain according to a fur-
ther embodiment,

Figure 9B schematically depicts a block diagram of a
signal processing chain according to a fur-
ther embodiment, and

Figure 10 schematically depicts a respiration pres-
sure curve over time according to an em-
bodiment.

Description of the embodiments

[0042] Figure 1 schematically depicts a scenario 10
according to an embodiment. Depicted is a hospital bed
12 with a patient P that is subject to contactless monitor-
ing of a heartbeat and/or a respiration rate. For this pur-
pose, a source of radar light is provided above the patient
P, which emits radar light upon an upper part of the body,
cervical and head of the patient P. The radar light irradi-
ated onto the patient’s body is denoted with reference
sign RLi, and radar light reflected off the patient’s body
is denoted with reference sign RLr.
[0043] At least a portion of the reflected radar light RLr
is received by a detector to measure a frequency spec-
trum of said reflected radar light RLr. According to the
present embodiment, both the source of radar light and
the detector are arranged in a common device 101 which
is attached to a support 12a which forms a part of the
hospital bed 12.
[0044] Alternatively, the device 101 may be mounted
to a ceiling (not shown) or any other support structure
around the bed 12 offering a direct line-of-sight transmis-
sion of said irradiated radar light RLi and said reflected
radar light RLr. According to further embodiments, it is
possible that the source of radar light and the detector,
which receives the reflected radar light RLr, are not co-
located, but rather placed in different positions around
the patient P, as long as respective direct line-of-sight
transmission paths are provided between the radar
source and the patient P and the patient P and the de-
tector.
[0045] With the configuration presented by Fig. 1, a
contactless monitoring of a heartbeat and/or a respiration
rate and/or of body movements of the patient P is ena-
bled. Fig. 2 schematically depicts a block diagram of a
corresponding apparatus 100 for monitoring one or more
life signs of a live vertebrate animal according to an em-
bodiment.
[0046] The apparatus 100 comprises the device 101

already explained above with reference to figure 1. As
can be seen from figure 2, the device 101 comprises a
source 102 of radar light and a light detector 104 to meas-
ure a frequency spectrum of radar light reflected off the
live vertebrate animal, presently the patient P (Fig. 1).
As an example, the device 101 may be configured to emit
a sequence of comparatively short radar signals at a
pulse frequency of about 4 kHz, wherein a carrier fre-
quency of the radar signals is within a frequency range
corresponding to the W band or the F band. As an ex-
ample, the carrier frequency may be 100 GHz.
[0047] In the present example, for this purpose, the
source 102 is configured to generate said pulsed periodic
signal with the carrier frequency of 100 GHz, and the
device 101 comprises circuitry for transmitting said
pulsed periodic signal to the antenna A, which is provided
for irradiating the object under measurement, presently
the patient P (Fig. 1), with the radar light. After a certain
retention period, which e.g. depends on the distance be-
tween the device 101 or its antenna A and the reflecting
structures of the body of the patient P, the antenna A
receives a reflected Doppler-broadened radar echo sig-
nal, which is forwarded by further circuitry of the device
101 to the detector 104. According to an embodiment,
the circuitry for providing the RF output signal of source
102 to the antenna A and for providing a received radar
echo signal from the antenna A to the detector 104 com-
prises at least one directional coupler (not shown).
[0048] The apparatus 100 further comprises a digital
data processor 112 which is configured to receive said
measured frequency spectrum from the light detector 104
and to determine amplitudes of a selected proper subset
of the Fourier components of said frequency spectrum.
Based on this selected proper subset of the Fourier com-
ponents of said frequency spectrum, the apparatus 100
may make a characterization of a heartbeat and/or a res-
piration rate of a live vertebrate animal such as the patient
P (Fig. 1)
[0049] According to an embodiment, the processor
112 comprises a digital signal processor (DSP) or gen-
eral purpose microprocessor or correspondingly config-
ured (and/or reconfigurable) field programmable gate ar-
ray (FPGA) or an ASIC (application specific integrated
circuit) or the like.
[0050] According to a further embodiment, a digital da-
ta memory 114 may be provided which may be accessed
by the digital data processor 112 for at least temporarily
storing data, such as data to be processed, e.g. data
related to the measured frequency spectrum from the
light detector 104 and/or the determined amplitudes of a
selected proper subset of the Fourier components of said
frequency spectrum.
[0051] According to a further embodiment, the memory
114 comprises a RAM (random access memory) and/or
ROM (read only memory) and/or other forms of volatile
and/or non-volatile memory devices. In one or more
memory devices of the digital data memory 114, a com-
puter program for executing the steps according to one
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or more of the present embodiments may be provided.
[0052] According to further embodiments, the digital
data memory 114 is at least partly co-located with the
digital data processor 112. The digital data memory 114
may e.g. be at least partly be integrated to said processor
112 or arranged together with said processor 112 on a
common substrate such as a common printed circuit
board. According to further embodiments, at least parts
of said digital data memory may also be arranged exter-
nal to the apparatus 100 (Fig. 2) or remote from said
apparatus 100.
[0053] According to an embodiment, at least a part of
the memory 114 may be implemented in the form of
cloud-based storage, said cloud based storage being
provided within a data network such as the Internet, which
may e.g. be accessed by the apparatus 100 via an Inter-
net connection.
[0054] Advantageously, the processor 112 and the
(optional) memory 114 form a combination 110 which
facilitates characterizing the heartbeat and/or a respira-
tion rate of a live vertebrate animal.
[0055] According to a further embodiment, said appa-
ratus 100, or, according to further embodiments, said
combination 110 comprises a neural network 116 and is
configured to feed the amplitudes of the Fourier compo-
nents of the selected proper subset into the neural net-
work 116. The neural network 116 is configured to make
a characterization of the heartbeat and/or respiration rate
and/or a movement of the body of the patient P based
on the fed amplitudes of the Fourier components.
[0056] Figure 3A depicts a simplified flowchart of a
method of monitoring according to an embodiment. In a
first step 200, a frequency spectrum of radar light RLr
(Fig. 1) reflected off a live vertebrate animal is measured.
This is for example performed by the detector 104 as
explained above with reference to figure 2.
[0057] In a subsequent step 210 (Fig. 3A), amplitudes
of a selected proper subset of the Fourier components
of said frequency spectrum are determined. Said step
210 is e.g. executed by the combination 110 of the data
processor 112 and the data memory 114.
[0058] According to a preferred embodiment, the
measured amplitudes of the Fourier components of the
selected proper subset have larger variances than the
measured amplitudes of remaining ones of the Fourier
components. Further preferably, different ones of the
Fourier components of the selected proper subset are
substantially uncorrelated over time.
[0059] After step 210 (Fig. 3A), a further step 220 is
performed which is directed to feeding the amplitudes of
the Fourier components of the proper subset into said
neural network 116 (Fig. 2) to make a characterization
of the heartbeat and/or respiration rate and/or a body
movement of the live vertebrate animal, presently the
patient P (Fig. 1).
[0060] The above explained steps 200, 210, 220 pro-
vide an efficient and precise contactless medical life
signs monitoring using millimeter-wave radar.

[0061] Optionally, as indicated by the further step 230
(Fig. 3A), a ventilator 120 (Fig. 2) may be provided which
may be controlled based on the characterization provided
for by said neural network 116. Thus, a closed-loop con-
trol of the ventilator 120 is enabled which individually sup-
ports a breathing function of the patient P depending on
his life signs monitored according to the embodiments
by means of steps 200, 210, 220.
[0062] Figure 3B depicts a simplified flowchart of a
method of monitoring according to a further embodiment.
In a first step 200, a frequency spectrum of radar light
RLr (Fig. 1) reflected off a live vertebrate animal is meas-
ured. This is for example performed by the detector 104
as explained above with reference to figure 2.
[0063] In a subsequent step 210 (Fig. 3B), amplitudes
of a selected proper subset of the Fourier components
of said frequency spectrum are determined. Said step
210 is e.g. executed by the combination 110 of the data
processor 112 and the data memory 114.
[0064] In subsequent step 212, cepstral coefficients
associated with said proper subset are determined. Ac-
cording to an embodiment, the cepstral coefficients may
be obtained by squaring an amplitude of respective Fou-
rier components, by taking the logarithm of each so ob-
tained squared Fourier component, and by performing
an inverse Fourier transformation, particularly an inverse
fast Fourier transformation (IFFT), on this data. Present-
ly, in step 212, for each Fourier component of said se-
lected subset, a corresponding cepstral coefficient is de-
termined.
[0065] After this, in step 214, a principal component
analysis, PCA, is applied to said cepstral coefficients as
obtained within preceding step 212, whereby principal
components associated with said cepstral coefficients
are obtained.
[0066] Further, in step 220, said principal components
are fed into said neural network 116 (Fig. 2).
[0067] According to Applicant’s analysis, performing
the steps 212, 214 and feeding the so obtained principal
components of the cepstral coefficients into the neural
network 116 may yield an even more precise character-
ization of the heartbeat and/or respiration rate and/or a
body movement of the live vertebrate animal - as com-
pared to the process of Fig. 3A.
[0068] According to further embodiments, combina-
tions of one or more types of the abovementioned poten-
tial input data is fed into said neural network 116 in step
220, e.g. amplitudes of the selected proper subset of the
Fourier components and/or corresponding a cepstral co-
efficients and/or corresponding principal components ob-
tained from PCA of cepstral coefficients.
[0069] As with the embodiment of Fig. 3A, in the proc-
ess of Fig. 3B, after step 220, an optional step 230 of
controlling a ventilator 120 (Fig. 2) may follow according
to some embodiments.
[0070] According to a further embodiment, only some
of the determined principal components are fed to the
neural network, e.g. only a selected proper subset of said
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principal components.
[0071] According to preferred embodiments, the steps
210, 212, 214, 220, 230 may be carried out by the com-
bination 110 with the processor 112 and the memory 114,
for example by means of a computer program stored to
said memory 114, wherein instructions of said computer
program are processed by the processor 112.
[0072] Figure 4 schematically depicts a scenario 10a
according to a further embodiment. Depicted is a prema-
ture infant PI in an incubator 13. Similar to the scenario
10 of Fig. 1, in this situation, too, the method and appa-
ratus according to the embodiments may be used for
monitoring the heartbeat and/or a respiration rate and/or
a body movement of the premature infant PI. For this
purpose, the device 101, which may also be termed "ra-
dar sensor" as it is capable of transmitting the radar light
RLi and of receiving reflected radar light RLr, is arranged
on a top cover of the incubator 13, above an upper part
of the body, cervical and head of the infant. Advanta-
geously, in this setting, too, a precise remote and con-
tactless measurement of the heartbeat and/or a respira-
tion rate and/or a body movement of the premature infant
PI is enabled by the principle according to the embodi-
ments.
[0073] Optionally, in this situation 10a, too, it is possible
to control medical equipment (not shown) e.g. for sup-
porting life functions of the infant and/or for treating said
infant based on the characterization obtained by means
of said neural network 116 (Fig. 2).
[0074] Figure 5 schematically depicts a spatial ar-
rangement of components according to an embodiment.
Preferably, the arrangement of the radar antenna A and
its antenna characteristic are chosen such that an upper
part of the body, the cervical and head are within a hor-
izontal detection range G of said antenna A, wherein the
antenna A is positioned at a given vertical distance H
from the patient’s body.
[0075] The following equation shows the trigonometry
functions to calculate the spatial arrangement of the radar
antenna A to the patient P according to an embodiment:
tan α = G/(2*H), wherein "*" is the multiplication operator.
With the help of the trigonometry functions indicated in
the following equation it is possible to calculate the angle
(2*α) of radiation for different applications: 2*α = arctan
(G/H).
[0076] As an example, the angle of radiation for usage
of the apparatus according to the embodiments with a
hospital bed (distance H between the radar sensor 101
or antenna A and the patient of 1.0m) is approximately
2*α=40°, and for the usage with an incubator 13 (cf. Fig.
4, distance H between the radar sensor 101 and the pre-
mature infant PI of 0.6m) approximately 2*α=34°.
[0077] Figure 6A schematically depicts a block dia-
gram of a signal processing chain SP according to an
embodiment. An input signal S1 is the Doppler broad-
ened radar echo signal from the radar antenna A, an
output signal S3 is the output of the monitored medical
life signs.

[0078] Radar light reflected off a patient P (Fig. 1) is
received by the antenna A (Fig. 6A) and fed to a preproc-
essing stage 115 as an input signal S1. Details of the
preprocessing stage 115 according to an embodiment
are provided by Fig. 6B. The preprocessing stage 115
may e.g. be implemented by the combination 110, espe-
cially a computer program executed by the processor
112.
[0079] In the preprocessing stage 115, according to an
embodiment, a feature extraction of the Doppler broad-
ened radar echo signal S1 is carried out. For this purpose,
the Doppler broadened radar echo signal S1 is demod-
ulated by demodulator 1151 (Fig. 6B), whereby a demod-
ulated signal S11 is obtained at an output of the demod-
ulator 1151.
[0080] According to an embodiment, the demodulation
may e.g. be effected by downconverting the signal S1 to
a baseband frequency range in a per se know manner.
As an example, the signal S1 may be multiplied with a
reference signal obtained from the source 102 (Fig. 2),
which effects a transformation of said signal S1 into a
baseband frequency range. As a further example, if elec-
tromagnetic waves with a frequency of 100 GHz are used
as radar light RLi (Fig. 1) for irradiating a patient’s body,
and if said radar light RLi is pulsed with a pulse frequency
of e.g. 4 kHz, for said step of demodulating, the signal
S1 may be multiplied with a periodic (e.g., sinusoidal)
reference signal of 100 GHz, resulting in a downconvert-
ed signal the substantial amount of signal energy of which
is located within a frequency range of about 0 Hz to about
4 kHz.
[0081] In other words, the demodulation "removes" the
carrier frequency component of the emitted radar signal
from the input signal S1. The result is a time spectrum
with a pulse period that corresponds to the pulse frequen-
cy rate of the emitted radar signals (4 kHz).
[0082] According to an embodiment, the time spectrum
within each pulse period is divided into a number of time
windows which are representative of a predetermined
average distance as a function of the running time of the
radar light. The number of time windows corresponds to
a distance resolution and depends on the pulse duration
of the emitted radar signals.
[0083] In other words, according to a preferred embod-
iment, the demodulated signal S11 may be windowed in
the time domain by block 1152, whereby a windowed
signal S12 is obtained at an output of a block 1152. Said
step of windowing may e.g. be performed by multiplying
the downconverted signal with a predetermined window-
ing function.
[0084] According to a preferred embodiment, the de-
modulated signal S11 may also be converted into a digital
signal by means of an analog to digital (A/D) converter
prior to said windowing. In this case, said A/D converter
(not shown) may be integrated in block 1151, and the
output signal S11 of block 1151 comprises a first number
of sample values. In other words, in this case, the output
signal S11 is a time-discrete signal also having discrete
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amplitude values. The further explanation of the preproc-
essing stage 115 refers to this configuration. Alternative-
ly, the A/D conversion may be performed after said win-
dowing 1152.
[0085] According to a preferred embodiment, the de-
modulated signal S11 is sampled with a frequency cor-
responding to the pulse frequency of the emitted radar
signals, for example with 4 kHz.
[0086] As an example, when windowing said a digital
downconverted signal such as signal S11, a second
number of digital sample values is obtained, which sec-
ond number is smaller than said first number and which
depends on a sample rate and the length of the window
used for said step of windowing. As a further example,
said number is 256. These sample values may also be
interpreted as a signal vector S12.
[0087] After the windowing process, the windowed sig-
nal S12 is mapped into the frequency domain, for exam-
ple with the help of an FFT (Fast Fourier Transformation),
cf. function block 1153 of Fig. 6B. As a result, Fourier
components (or FFT coefficients, respectively), for ex-
ample 256 many Fourier components, are obtained at
an output of FFT block 1153, which may also be inter-
preted as an FFT vector S13.
[0088] In a subsequent step, cf. block 1154, a proper
subset of said 256 many Fourier components is selected.
Said selected proper subset is provided as an output sig-
nal S2 at the output of block 1154.
[0089] According to a preferred embodiment, the
measured amplitudes of the Fourier components of the
selected proper subset S2 have larger variances than
the measured amplitudes of remaining ones of the Fou-
rier components.
[0090] According to a further embodiment, different
ones of the Fourier components of the selected proper
subset S2 are substantially uncorrelated over time.
[0091] According to a further embodiment, said select-
ed proper subset S2 of Fourier components comprises
those Fourier components of the FFT vector S13, which
are associated with positive frequencies and a zero po-
sition, i.e. a DC component of the discrete signal spec-
trum represented by the FFT vector S13. As an example,
based on an FFT vector S13 comprising 256 many Fou-
rier components, according to the present embodiment,
the selection of the proper subset effects that said se-
lected proper subset S2 comprises e.g. n1=129 Fourier
components.
[0092] According to a further embodiment, the selec-
tion within block 1154 of Fig. 6B may also be performed
such that said selected proper subset S2 of the Fourier
components comprises less than 128 Fourier compo-
nents. As an example, it may be considered that 64 Fou-
rier components are selected, e.g. by disregarding 64
Fourier components which are associated with higher
signal frequencies.
[0093] According to further embodiments, other ap-
proaches are also possible for obtaining said selected
proper subset of the Fourier components.

[0094] According to Applicant’s analysis, performing
the selection step of block 1154 which leads to said se-
lected proper subset S2 (Fig. 6A) of n1 many Fourier
components according to the embodiments advanta-
geously improves a further processing by the neural net-
work 116 according to the principle of the embodiments.
[0095] According to an embodiment, the signal S2 rep-
resenting n1 many Fourier components, or their ampli-
tudes, respectively, of the selected proper subset as ob-
tained by block 1154 of the preprocessing stage 115, is
output to the neural network 116, cf. Fig. 6A. On this
basis, the neural network 116 makes a characterization
of a heartbeat and/or respiration rate and/or body move-
ment of the patient P (Fig. 1) from whom the radar echo
signal S1 input to the preprocessing stage 115 has been
obtained.
[0096] According to further embodiments, alternatively
to or in addition to providing said selected proper subset
S2 of the Fourier components to the neural network 116,
other parameters may be derived from said Fourier com-
ponents of the selected proper subset, which other pa-
rameters may be fed to the neural network 116 for per-
forming said characterization of a heartbeat and/or res-
piration rate and/or body movement of the patient P.
[0097] According to an embodiment, cepstral coeffi-
cients associated with said selected proper subset S2
are determined and fed into said neural network 116. As
an example, the determination of the cepstral coefficients
may e.g. be performed by the function block 1154 of fig-
ure 6B.
[0098] According to a further embodiment, the cepstral
coefficients may be obtained by squaring an amplitude
of each Fourier component, by taking the logarithm of
each so obtained squared Fourier component, and by
performing an inverse Fourier transformation, particular-
ly an inverse FFT (IFFT), on this data. This resulting data
is called cepstrum, and the coefficients are called ceps-
tral coefficients.
[0099] According to an embodiment, the representa-
tion of information comprised in the received Doppler sig-
nal S1 as a cepstrum is particularly advantageous be-
cause this enables a particularly reliable classification
using the neural network 116.
[0100] According to yet another embodiment, a princi-
pal component analysis, PCA, is applied to said cepstral
coefficients, whereby principal components associated
with said cepstral coefficients are obtained, wherein said
principal components are fed into said neural network
116. According to a preferred embodiment, only n many
first principal components as obtained from said PCA
may be fed into said neural network 116.
[0101] With the mathematical procedure of the PCA
the cepstral coefficients (which may represent possibly
correlated variables) are transformed into a (smaller) set
of values of linearly uncorrelated variables called princi-
pal components. This transformation is defined in such
a way that the first principal component has the largest
possible variance (that is, accounts for as much of the
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variability in the data as possible), and each succeeding
component in turn has the highest variance possible un-
der the constraint that it be orthogonal to (i.e., uncorre-
lated with) the preceding components. The first principal
components are the most important ones, which explain
the highest part of the variance, thus comprising the high-
est content of information of the signal so analyzed. Ac-
cording to an embodiment, the objective of the PCA is to
reduce the comparatively complex data set, e.g. of the
cepstrum, to a lower dimension to reveal hidden, simpli-
fied structures that often underlie it. After the PCA, the
neural network 116 can make the required characteriza-
tions based on comparatively few variables which - how-
ever - represent the main part of the variance of the input
signal S1.
[0102] According to further aspects, depending on the
field of application, the PCA is also named the discrete
Karhunen-Loeve transform (KLT), the Hotelling trans-
form or proper orthogonal decomposition (POD).
[0103] According to a further embodiment, the first n1
principal components as obtained from the PCA are pre-
sented to the neural network 116 (Fig. 6A) as input data
S2 to n many input nodes, cf. the explanations related to
Fig. 7 below. As mentioned above, preferably, only the
first n1 many principal components are selected as input
to the neural network 116, as the further (upper) ones
are comparatively insignificant based on the small part
of their variance. As an example, with a cepstrum of 256
elements (i.e., cepstral coefficients) the corresponding
principal components n1 to 128 of the digital complex
baseband signal receive no further consideration be-
cause n many coefficients of the digital complex base-
band signal are sufficient for a reliable characterization
of the input signal S1 by means of the neural network
116. At an output of said neural network 116, m1 many
output values are obtained representing the output signal
S3.
[0104] A neural network comprises nodes and synaptic
connections between the nodes. Weights which are de-
termined by training with training data are allocated to
the synaptic connections. The nodes indicate an activity
as the result of input data. The neural network is subdi-
vided into different hierarchical layers, where every node
of a lower layer is connected to every node of a higher
layer through synaptic connections. A neural network
with such a topology is called a multi-layer perceptron.
The input data for the nodes is the activation of the nodes
in the next lower layer, multiplied by the weight of the
respective synaptic connection. In the following equation
one can see the activation yn as result of a node Nn of a

neural network: 

wherein f() is a predetermined function, xi is the activation

of the ith node Ni, and win is the weight of the synaptic

connection between the ith node Ni and the nth node Nn.

[0105] According to an embodiment, the input data of
the lowest layer for said neural network 116 (Fig. 6A),
called the input layer, are features of the Doppler broad-
ened radar echo signals, e.g. in the form of said selected
proper subset S2 of Fourier components and/or param-
eters derived therefrom such as the cepstral coefficients
or the principal components obtained by PCA (or proper
subsets thereof). According to an embodiment, the out-
put signal S3 of the neural network 116 represents the
heartbeat, e.g. a heart rate, and/or the breathing rate,
and/or the moving activity rate.
[0106] According to an embodiment, the classification
result of the neural network is determined by the activa-
tion of the nodes in the uppermost layer called the output
layer. According to a further embodiment, the greatest
probability is that a dedicated breathing rate, heart rate
or the moving activity rate belongs to the class whose
output node exhibits the highest activation.
[0107] Figure 7 schematically depicts a topology of a
neural network according to an embodiment. For exam-
ple, the neural network 116 of Fig. 6A may comprise the
structure as depicted by Fig. 7.
[0108] The neural network 116 comprises three layers
L1, L2, L3, wherein a first layer L1 is an input layer, a
second layer L2 is an intermediate layer, also denoted
as hidden layer, and wherein a third layer L3 is an output
layer.
[0109] According to a preferred embodiment, all nodes
of one layer have synaptic connections with all nodes of
the next layer. The input layer L1 has n many input layer
nodes (#1 to #n), and each of them has an input indicated
by a respective arrow. The hidden layer L2 may also have
n many nodes (#1 to #n), as depicted by Fig. 7, but may
according to further embodiments also have a different
number of nodes, e.g. more or less than n many nodes.
[0110] As already mentioned above, according to pre-
ferred embodiments, the output data of the preprocess-
ing stage 115 (Fig. 6A) is fed to the neural network 116.
As a consequence, features extracted from the Doppler
broadened radar Echo signals by means of said preproc-
essing stage 115 are used as input signals IS to the input
layer L1 of the neural network 116.
[0111] According to the present embodiment, n many
input nodes are provided, wherein each of said input
nodes of the input layer L1 comprises synaptic connec-
tions with all nodes of the hidden layer L2. According to
the present embodiment, the neural network 116 has only
one hidden layer L2. However, according to further em-
bodiments, it is also possible to provide more than one
hidden layer. When providing more than one hidden lay-
er, classification results of the neural network may be
more precise as compared to one single hidden layer.
However, the computing time of the neural network is
strongly growing with each additional hidden layer. Thus,
a particularly preferred embodiment comprises one sin-
gle hidden layer for the neural network 116.
[0112] According to an embodiment, the number n of
input signals to the neural network depends on the infor-
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mation value of the input parameters. With an additional
preprocessing transformation of the set of observations
of correlated variables into a set of values of linearly un-
correlated variables, the classification result can be sig-
nificantly enhanced. In this context, said determination
of cepstral coefficients and/or principal components of
said cepstral coefficients and feeding this data (or a prop-
er subset of said cepstral coefficients and/or said princi-
pal components) into the neural network 116 is particu-
larly beneficial.
[0113] According to a further embodiment, the number
n of input signals IS to the neural network 116 may be
reduced, while keeping constant or enhancing the quality
of the classification result of the neural network 116. Ac-
cording to a preferred embodiment, for using the neural
network 116 for a classification of a heart rate and/or a
breathing rate and/or a moving activity rate of the patient
P, the number n of input signals may be chosen to be in
the range of about 30.
[0114] According to further embodiments, more than
30 input signals IS may also be used for the classification.
However, again, the processing complexity for the neural
network 116 increases. At an output of the neural net-
work, output signals OS (Fig. 7) are provided, presently
in the form of m many outputs, corresponding to the
number m of nodes of the output layer L3. In Fig. 6A, the
output data of the neural network 116 is indicated with
reference sign S3.
[0115] Figure 8 depicts a table that shows an exem-
plary mapping of the output layer classifications of the
neural network according to Fig. 7 to the breathing rate
or heart rate per minute or moving activity rate (per
minute) of the patient.
[0116] According to an embodiment, a classification or
characterization of data performed by the neural network
comprises storing classification results and using such
classification results stored in the past to make conclu-
sions about future input data and their classification or
characterization.
[0117] According to a further embodiment, the neural
network 116 (Fig. 2) may learn with training data from
sets of different outputs. In this case the training data are
presented to the neural network often enough, until the
neural network has learned to allocate all training data
correctly by varying the weights of the synaptic connec-
tions. According to a further embodiment, the training
data may also be preprocessed to cepstral coefficients
and/or principal components as described above. Pref-
erably, the training of the neural network takes place in
accordance with an algorithm, such as for example the
error back propagation algorithm.
[0118] According to a further embodiment, during a
training process, all the output nodes are trained by them-
selves. This denotes that the neural network was trained
with training data from all Doppler broadened radar echo
signals, until the neural network was able to allocate all
the training data to the right class.
[0119] Advantageously, according to a further embod-

iment, the weights of the synaptic connections, which
were determined once through training, can be read out
after the training to reproduce the topology of the neural
network any number of times. This may be beneficial
when providing a plurality of apparatuses 100 (Fig. 2)
according to the embodiments. For example, only a sin-
gle apparatus - or the neural network 116 of said appa-
ratus - is required to be trained. After this, the so obtained
data, i.e. the weights of the synaptic connections learned
during training, may be transferred to the neural network
of a further apparatus, so that no (further) training is re-
quired. Therefore, not every individual apparatus 100 re-
quires training.
[0120] According to a further embodiment, another
training possibility for the neural network is to use the
algorithm for cascade correlation described in ht-
tps://de.wikipedia.org/wiki/Cascade_Correlation.
[0121] According to this method, the neural network
may be produced during the training. This denotes that
the training establishes both the weights of the synaptic
connections as well as the topology (i.e., number of
nodes within the different layers, their synaptic connec-
tions, and the like) of the neural network.
[0122] According to a further embodiment, since it is
not possible to train a neural network with training data
for all (theoretically) possible conditions and all possible
combinations of different influence factors with different
conditions, it is proposed to use a neural network which
is adapted to the conditions prevailing at the time the
Doppler broadened radar echo signals and hence e.g.
the calculated principal components are determined. In
other words, according to some embodiments the neural
network may be trained with conditions/influence factors
that are expected to be relevant later during measure-
ments, e.g. when the apparatus is used in the field.
[0123] According to a further embodiment, the neural
network(s) of the apparatus may be trained with male
and female probands of all age groups, e.g. from a baby
over a child, an adult to an old person. In this case, the
apparatus can be used for detection of one or more of
e.g. a heartbeat of male and female persons of all ages.
[0124] According to further embodiments, if the appa-
ratus is intended to be used only for a specific, limited
field of application, such as for an incubator for premature
infants, it may not be necessary to train the neural net-
work with adults or old persons.
[0125] According to a further embodiment, the signal
processing chain of the apparatus according to the em-
bodiments may be provided with an additional memory
unit MU. Figure 9A schematically depicts a simplified
block diagram of such an embodiment SP’.
[0126] According to the embodiment, the memory unit
MU serves to store different parameter sets, presently
three different parameter sets PS1, PS2, PS3, which may
selectively be applied to the neural network 116, as sym-
bolically indicated by the switch SW1 and its associated
three switching positions "1", "2", "3".
[0127] According to an embodiment, said memory unit
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MU may form part of the digital data memory 114 ex-
plained above with reference to Fig. 2. According to fur-
thers embodiments, at least partly, said memory unit MU
may be implemented by any form of cloud storage, which
efficiently enables to provide said different parameter
sets to a plurality of apparatuses according to the em-
bodiments.
[0128] The depicted configuration advantageously en-
ables a combined detection of several life signs such as
breathing activity, heartbeat activity and monitoring of
the patient’s motion.
[0129] As an example, each of said three parameter
sets PS1, PS2, PS3 may have been determined from
training under different sets of conditions of different life
signs and external influence factors or a combination out
of it. As a further example, the first parameter set PS1
may represent a set of parameters trained (and opti-
mized) for characterization of a heartbeat of a patient,
while the second parameter set PS2 may represent a set
of parameters trained (and optimized) for characteriza-
tion of a respiration rate of a patient, and the third param-
eter set PS3 may represent a set of parameters trained
(and optimized) for characterization of a body movement
of a patient.
[0130] Hence, if the heartbeat is to be characterized,
the first parameter set PS1 is applied to neural network
116 by controlling the switch SW1 to its position "1", and
once this parameter set is loaded, the neural network
116 is ready for characterizing heartbeat in an optimized
fashion depending on input data S1 fed from the preproc-
essing stage 115. If a respiration rate or body movement
is to be characterized, the other parameter sets may cor-
respondingly be applied. Altogether, this embodiment
enables a precise characterization of the different vital
signals of a patient, for example in a time-multiplexed
manner, e.g. applying a round-robin scheme.
[0131] According to an embodiment, the various pa-
rameter sets PS1, PS2, PS3 may be generated with train-
ing data under different external conditions of a definite
life sign. The sets of parameters e.g. contain the weights
of the individual synaptic connections for the neural net-
work.
[0132] According to a further embodiment, the switch
SW1 can be controlled automatically, e.g. by the appa-
ratus 100 (Fig. 2), or manually, e.g. by a user of the ap-
paratus 100, such as a nursing auxiliary. As an example,
in case of certain circumstances, the manual control of
switch SW1 can be made with separate individual setting
options in a service approach of the equipment.
[0133] According to a further embodiment, a computer
program may be provided for execution by the processor
112 (Fig. 2) to implement the neural network 116. In this
case, the desired parameter set may be loaded for use
with the neural network. For example, a RAM memory
accessible by the processor 112 may be used for at least
temporarily storing the neural network and an active pa-
rameter set.
[0134] According to a further embodiment, it is also

possible to use a Field Programmable Gate Array (FP-
GA), preferably with partial reconfiguration functionality,
to implement the neural network 116. The partial recon-
figuration functionality facilitates an exchange of param-
eter sets for the neural network and provides a fast and
on the fly changing of the "software", which is particularly
useful if the parameter sets are frequently changed.
[0135] According to further embodiments, it is also pos-
sible to provide different parameter sets for different
types of patients to be monitored. As an example, a first
parameter set may be provided for heartbeat character-
ization of adults, while one or more further parameter
sets may be provided for heartbeat characterization of
children or premature infants.
[0136] Figure 9B schematically depicts a simplified
block diagram of a signal processing chain
SP" according to a further embodiment. In contrast to
changing parameter sets PS1, PS2, PS3 as explained
above with reference to Fig. 9A, the configuration accord-
ing to Fig. 9B provides three entire topologies of different
neural networks, cf. the reference signs 116a, 116b,
116c.
[0137] A memory unit MU’ is provided, which stores
the entire topologies of the three different neural net-
works 116. This may be particularly beneficial if instead
of a multi-layer perceptron-type network, a neural net-
work of the cascade-correlated networks type, whose to-
pology is only determined by the training, is used for the
classification. In this case, in the memory unit MU’ said
three entire topologies of different neural networks 116a,
116b, 116c are stored.
[0138] The switch SW2 enables to select a specific one
of said three different neural networks 116a, 116b, 116c,
depending on its switching state. For example, the first
neural network 116a (switching state "1") may be select-
ed for characterizing heartbeat activity, the second neural
network 116b (switching state "2") may be selected for
characterizing breathing activity (e.g., respiration rate),
and the third neural network 116c (switching state "3")
may be selected for characterizing motion of the patient
P (Fig. 1). Each of said three neural networks 116a, 116b,
116c may be especially trained for characterizing the re-
spective life sign and external influence factors or a com-
bination thereof. According to an embodiment, such in-
fluence factors can be dialects. As an example, the se-
lection considers the language and the external condi-
tions at the prevailing time.
[0139] According to a further embodiment, the switch
SW2 can be controlled automatically, e.g. by the appa-
ratus 100 (Fig. 2), or manually, e.g. by a user of the ap-
paratus 100, such as a nursing auxiliary. As an example,
in case of certain circumstances, the manual control of
switch SW2 can be made with separate individual setting
options in a service approach of the equipment.
[0140] According to a preferred embodiment, a com-
plete software code and/or variables and/or other param-
eters of all three neural networks 116a, 116b, 116c with
the corresponding parameter sets may be provided in a
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main memory, e.g. RAM, which is accessible by the proc-
essor 112 (Fig. 2).
[0141] By actuating the switch SW2, the required neu-
ral network of the selected definite life sign can be used.
An embodiment with the storage of the entire topologies
of different neural networks 116a, 116b, 116c is particu-
larly advantageous for fast changing between the definite
life signs.
[0142] Furthermore, also with the configuration of Fig.
9B, it is possible to use an FPGA, preferably with partial
reconfiguration. If a frequent change of the neural net-
work is necessary, this approach provides a fast and on
the fly changing of the software implementing the neural
network.
[0143] According to further embodiments, it is also pos-
sible to provide neural networks (with the corresponding
parameter set) for different types of patients and/or dif-
ferent external conditions of the definite life sign to be
monitored. As an example, a first neural network may be
provided for heartbeat characterization of adults, while
one or more further neural networks may be provided for
heartbeat characterization of children or premature in-
fants.
[0144] According to an embodiment, the apparatus
100 (Fig. 2) may be configured with cross-linked micro-
processors operating in parallel. A possible alternative
is a configuration with only one microprocessor 112
which operates the individual nodes of the network se-
quentially. In this case, a buffer memory may be provided
for storing intermediate results during evaluation of the
neural network.
[0145] The embodiments enable a remote and con-
tactless medical life signs monitoring. The safety and
quality of medical care in hospitals, intensive care, emer-
gency ambulance, Mobile Intensive Care Units (MICU),
homes and other settings for care can be significantly
enhanced by using the embodiments.
[0146] The principle according to the embodiments
works remotely and contactless with an extremely fine
range resolution (in the millimeter range), which enables
a particularly precise characterization of measured re-
flected radar light. The superior range resolution is also
given when transmitting the used electromagnetic waves
through clothes.
[0147] As a further example, when using the principle
according to the embodiments, it is possible to optimize
an operation and/or settings of a medical ventilator (cf.
reference sign 120 of Fig. 2) used for supporting a breath-
ing function in all phases of ventilation.
[0148] Further advantageously, using the principle ac-
cording to the embodiments, a movement of the patient
can be monitored. This is very important information in
intensive care for example in an anesthetic recover room
or to monitoring of patients in coma state.
[0149] Further, for the life signs monitoring according
to the embodiments, no tethered sensors are necessary.
On this account no wired sensors constrain the patient
and the nursing auxiliary. Moreover, there are no sensors

necessary that are fixed at the patient’s body.
[0150] Still further, the method according to the em-
bodiments enables the measurement of the actual values
remote and contactless directly at the patient. The record
of measurements direct at the patient is exact and relia-
ble.
[0151] For example, by applying the principle accord-
ing to the embodiments, the respiration monitoring and
artificial respiration can be made much safer. There are
no gaps between adjusted reference values at a medical
ventilator and an actual value at the patient. Also, leakage
of the connecting tube, the endotracheal tube or the res-
piratory mask between the ventilator and the patient can
easily be detected. The potential risk of injuring the pa-
tient with the ventilation is clearly reduced. As a further
advantage, damage of the lung caused by too high pres-
sure or too high volume can be avoided.
[0152] Furthermore, according to an embodiment, a
change of the lung volume that is caused by illness can
be detected. The medical ventilator may consider this
change of the lung volume. Furthermore, incipient spon-
taneous breathing and cough of the patient can be de-
tected and also considered.
[0153] The principle according to the embodiments
can help to set the ventilator to better fulfill an individual
patient’s demand. Also, a better respiration monitoring
helps to reduce the time needed to remove the ventilator
from the patient.
[0154] In the following, a further aspect of the disclo-
sure is explained which is directed to controlling a venti-
lator. According to this aspect, a medical ventilator 120
(Fig. 2) is controlled based on the characterization pro-
vided by the neural network 116 as explained above. The
following aspects related to ventilator control may be
combined with any one or more of the embodiments ex-
plained above.
[0155] A medical ventilator (or simply "ventilator" in the
following) is a machine designed to mechanically move
breathable air into and out of the lungs of a vertebrate
animal, e.g. a human being, to provide the mechanism
of breathing for a patient who is physically unable to
breathe, or breathing insufficiently. In the first case the
medical ventilation is a method to replace spontaneous
breathing, and in the second case it is a method to me-
chanically assist the spontaneous breathing.
[0156] Ventilators are chiefly used in intensive care
medicine, home care, and emergency medicine (e.g., as
standalone units) and in anesthesia (e.g., as a compo-
nent of an anesthesia machine).
[0157] According to an embodiment, a positive pres-
sure ventilator consists of a compressible air reservoir or
turbine, air and oxygen supplies, a set of valves and
tubes, and a disposable or reusable "patient circuit". The
air reservoir is pneumatically compressed several times
a minute to deliver room-air, or in most cases, an air/ox-
ygen mixture to the patient. If a turbine is used, the turbine
pushes air through the ventilator, with a flow valve ad-
justing pressure to meet patient-specific parameters.
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When overpressure is released, the patient will exhale
passively due to the lungs’ elasticity, the exhaled air being
released usually through a one-way valve within the pa-
tient circuit called the patient manifold. The oxygen con-
tent of the inspired gas can be set from 21 percent (am-
bient air) to 100 percent (pure oxygen). Pressure and
flow characteristics can be set mechanically or electron-
ically.
[0158] According to further embodiments, ventilators
may also be equipped with monitoring and alarm systems
for patient-related parameters (e.g. pressure, volume,
and flow) and ventilator function (e.g. air leakage, power
failure, and mechanical failure), backup batteries, oxy-
gen tanks, and remote control. The pneumatic system is
nowadays often replaced by a computer-controlled turbo
pump.
[0159] According to further embodiments, ventilators
may be electronically controlled by an embedded system
to allow exact adaptation of pressure and flow charac-
teristics to an individual patient’s needs. Fine-tuned ven-
tilator settings also serve to make ventilation more toler-
able and comfortable for the patient. As an example, in
Canada, and the United States, respiratory therapists are
responsible for tuning these settings while biomedical
technologists are responsible for the maintenance.
[0160] According to further embodiments, the patient
circuit of a ventilator may consist of a set of three durable,
yet lightweight plastic tubes, separated by function (e.g.
inhaled air, patient pressure, exhaled air). Determined
by the type of ventilation needed, the patient-end of the
circuit may be either noninvasive or invasive.
[0161] Noninvasive methods, which are adequate for
patients who require a ventilator only while sleeping and
resting, mainly employ a nasal mask. Invasive methods
require intubation, which for long-term ventilator depend-
ence will normally be a tracheotomy cannula, as this is
much more comfortable and practical for long-term care
than is larynx or nasal intubation.
[0162] Because the failure of a mechanical ventilation
system may result in death, it is classified as a life-critical
system, and precautions must be taken to ensure that
mechanical ventilation systems are highly reliable. This
also includes their power-supply provision.
[0163] According to a further aspect, as a conse-
quence, medical ventilators are therefore carefully de-
signed so that no single point of failure can endanger the
patient. They may e.g. have manual backup mechanisms
to enable hand-driven respiration in the absence of power
(such as the mechanical ventilator integrated into an an-
esthetic machine). They may also have safety valves,
which open to atmosphere in the absence of power to
act as an anti-suffocation valve for the spontaneously
breathing patient. Some systems may also be equipped
with compressed-gas tanks, air compressors, and/or
backup batteries to provide ventilation in case of power
failure or defective gas supplies, and methods to operate
or call for help if their mechanisms or software fail.
[0164] The main problems of conventional mechanical

ventilators are the control of the configured pressure and
flow characteristics (e.g. pressure, volume and flow) to
guarantee an optimal maintenance of the patient. Fur-
thermore, air leakage between the medical ventilator and
the lunge must be avoided.
[0165] Some conventional ventilators are measuring
the preset parameter of pressure, volume, and flow over
the time. However, with these conventional systems,
leakage of the connecting tube, the endotracheal tube or
the respiratory mask between the ventilator and the pa-
tient are heavy to detect. Incipient spontaneous breathing
and cough of the patient is also heavy to detect. Further-
more, a change of the lung volume which may be caused
by illness can’t be detect.
[0166] In most cases of medical ventilation using con-
ventional ventilators, the ventilator’s settings may not be
optimized for the individual patient. This implies a high
potential risk of injuring the patient with the ventilation.
Ventilators that are not optimized to an individual patient
may extend the time needed to remove the ventilator
from the patient.
[0167] In view of this, some embodiments feature a
control of a medical ventilator based on remote and con-
tactless millimeter-wave radar, as explained above with
reference to Figures 1 to 9B. According to an embodi-
ment, with the remote and contactless millimeter-wave
radar the respiration and the pulmonary function can be
monitored. According to a further embodiment, the in-
stantaneous measured parameter can be acknowledged
to the medical ventilator for control and regulation of the
configured parameters.
[0168] As the emitted radar light RLi (Fig. 1) is reflected
by the body and by the changing chest features, an anal-
ysis of the reflected radar light RLr enables contactless
and remote medical monitoring of the respiration and the
pulmonary function. The Doppler effect shifts and broad-
ens the frequency of the reflected radar light RLr. While
the frequency shift is characteristic for the radial velocity
of the chest features from the radar transmitter 101, the
spectral broadening is characteristic of internal move-
ments of the chest features, such as proper motions
caused by respiration. The characteristic spectral broad-
ening of the moving chest features is called a Doppler
signal and, with the proper selection of the radar frequen-
cy, may produce an acoustic sound signal as the differ-
ence between the reflected and the emitted radar echo
signal.
[0169] According to an embodiment, the configuration
explained above with reference to Fig. 6A, 6B may be
used for control and/or regulation of a medical ventilator
120 (Fig. 2). As with the embodiments explained above,
the Doppler broadened radar echo signal received at the
radar antenna, e.g. the reflected radar light RLr, may be
used as an input signal, cf. reference sign S1 of Fig. 6A.
In the present embodiment, the neural network 116 may
be configured to characterize the patient’s respiration
and/or pulmonary function, and the output signal S3 (Fig.
6A) of the neural network 116 may be used to control
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and/or regulate the medical ventilator 120 (Fig. 2).
[0170] According to an embodiment, a table similar to
that depicted by Figure 8 may be used to show a mapping
of the output layer classifications of the neural network
116 (Fig. 6A) according to the patient’s respiration and/or
pulmonary function. In the present embodiment, said out-
put of the neural network may control and/or regulate the
medical ventilator 120.
[0171] According to an embodiment, when using the
neural network 116 to control a medical ventilator 120,
the neural network may be trained and/or configured
such that a classification result of the neural network is
determined by the activation of the nodes in the upper-
most layer, i.e. the output layer L3 (Fig. 7), wherein a
greatest probability is that a dedicated phase of the med-
ical ventilation belongs to the class whose output node
exhibits the highest activation. In this context, Figure 10
schematically depicts a respiration pressure curve (pres-
sure over time) of a volume-controlled respiration with a
constant flow according to an embodiment.
[0172] In the diagram of Fig. 10, the first time interval
T1 represents a flow phase, the second time interval T2
represents a no-flow phase ("respiratory break"), and the
third time interval T3 represents an expiration time. The
combination of the first and second time interval is also
denoted as inspiration time.
[0173] The pressure value P4 represents a peak pres-
sure, the pressure value P5 represents a plateau pres-
sure, the pressure difference P6 represents a resistance
pressure, and the pressure difference P7 represents a
compliance pressure.
[0174] According to an embodiment, the neural net-
work 116 may be used to make a classification or char-
acterization, respectively, of the different phases of the
medical ventilation as exemplarily depicted by Fig. 10.
[0175] According to an embodiment, based on the
aforementioned characterization by the neural network
116, a continuous mandatory ventilation by using the
ventilator 120 (Fig. 2) may be provided in form of a vol-
ume-controlled respiration.
[0176] According to a further embodiment, a pressure-
controlled respiration may be provided based on said
characterization.
[0177] The ventilator control according to the embod-
iments addresses the various shortcomings of conven-
tional medical ventilators explained above.
[0178] The description and drawings merely illustrate
the principles of the invention. It will thus be appreciated
that those skilled in the art will be able to devise various
arrangements that, although not explicitly described or
shown herein, embody the principles of the invention and
are included within its spirit and scope. Furthermore, all
examples recited herein are principally intended ex-
pressly to be only for pedagogical purposes to aid the
reader in understanding the principles of the invention
and the concepts contributed by the inventor(s) to fur-
thering the art, and are to be construed as being without
limitation to such specifically recited examples and con-

ditions. Moreover, all statements herein reciting princi-
ples, aspects, and embodiments of the invention, as well
as specific examples thereof, are intended to encompass
equivalents thereof.
[0179] It should be appreciated by those skilled in the
art that any block diagrams herein represent conceptual
views of illustrative circuitry embodying the principles of
the invention. Similarly, it will be appreciated that any
flow charts, flow diagrams, state transition diagrams,
pseudo code, and the like represent various processes
which may be substantially represented in computer
readable medium and so executed by a computer or proc-
essor, whether or not such computer or processor is ex-
plicitly shown.
[0180] A person of skill in the art would readily recog-
nize that steps of various above-described methods can
be performed by programmed computers. Herein, some
embodiments are also intended to cover program storage
devices, e.g., digital data storage media, which are ma-
chine or computer readable and encode machine-exe-
cutable or computer-executable programs of instruc-
tions, wherein said instructions perform some or all of
the steps of said above-described methods. The program
storage devices may be, e.g., digital memories, magnetic
storage media such as a magnetic disks and magnetic
tapes, hard drives, or optically readable digital data stor-
age media. The embodiments are also intended to cover
computers programmed to perform said steps of the
above-described methods.
[0181] The functions of the various elements shown in
the FIGs., including any functional blocks labeled as
"processors", may be provided through the use of dedi-
cated hardware as well as hardware capable of executing
software in association with appropriate software. When
provided by a processor, the functions may be provided
by a single dedicated processor, by a single shared proc-
essor, or by a plurality of individual processors, some of
which may be shared. Moreover, explicit use of the term
"processor" or "controller" should not be construed to re-
fer exclusively to hardware capable of executing soft-
ware, and may implicitly include, without limitation, digital
signal processor (DSP) hardware, network processor,
application specific integrated circuit (ASIC), field pro-
grammable gate array (FPGA), read only memory (ROM)
for storing software, random access memory (RAM), and
non-volatile storage. Other hardware, conventional
and/or custom, may also be included. Similarly, any
switches shown in the FIGS. are conceptual only. Their
function may be carried out through the operation of pro-
gram logic, through dedicated logic, through the interac-
tion of program control and dedicated logic, or even man-
ually, the particular technique being selectable by the
implementer as more specifically understood from the
context.
[0182] It should be appreciated by those skilled in the
art that any block diagrams herein represent conceptual
views of illustrative circuitry embodying the principles of
the invention. Similarly, it will be appreciated that any
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flow charts, flow diagrams, state transition diagrams,
pseudo code, and the like represent various processes
which may be substantially represented in computer
readable medium and so executed by a computer or proc-
essor, whether or not such computer or processor is ex-
plicitly shown.

Claims

1. A method of monitoring one or more of a heartbeat
of a live vertebrate animal and a respiration rate of
the live vertebrate animal, the method comprising:

measuring (200) a frequency spectrum of radar
light reflected off the live vertebrate animal; de-
termining (210) amplitudes of a selected proper
subset of the Fourier components of said fre-
quency spectrum; and
feeding (220) the amplitudes of the Fourier com-
ponents of the proper subset and/or parameters
derived from said Fourier components of the
proper subset into a neural network (116) to
make a characterization of the heartbeat and/or
respiration rate of the live vertebrate animal.

2. The method of claim 1, wherein the measured am-
plitudes of the Fourier components of the selected
proper subset have larger variances than the meas-
ured amplitudes of remaining ones of the Fourier
components.

3. The method of claim 1 or claim 2, wherein different
ones of the Fourier components of the selected prop-
er subset are substantially uncorrelated over time.

4. Method according to one of the preceding claims,
wherein cepstral coefficients associated with said
proper subset are determined (212) and fed into said
neural network (116).

5. Method according to claim 4, wherein a principal
component analysis, PCA, is applied (214) to said
cepstral coefficients, whereby principal components
associated with said cepstral coefficients are ob-
tained, and wherein said principal components are
fed into said neural network (116).

6. Method according to one of the preceding claims,
further comprising controlling (230) a ventilator (120)
based on the characterization.

7. Apparatus (100) for monitoring one or more of a
heartbeat of a live vertebrate animal and a respira-
tion rate of the live vertebrate animal, the apparatus
(100) comprising: a source (102) of radar light; a light
detector (104) to measure a frequency spectrum of
radar light reflected off the live vertebrate animal; a

digital data processor (112) being configured to re-
ceive said measured frequency spectrum from the
light detector (104) and to determine amplitudes of
a selected proper subset of the Fourier components
of said frequency spectrum; and being configured to
make a characterization of the heartbeat and/or res-
piration rate of the live vertebrate animal based on
said Fourier components of the proper subset.

8. The apparatus (100) of claim 7, wherein the digital
data processor (112) is configured such that meas-
ured amplitudes of the Fourier components of the
selected proper subset have larger variances than
the measured amplitudes of remaining ones of the
Fourier components.

9. The apparatus (100) of claim 7 or claim 8, wherein
different ones of the Fourier components of the se-
lected proper subset are substantially uncorrelated
over time.

10. The apparatus (100) according to one of the claims
7 to 9, wherein the apparatus (100) includes a neural
network (116), and wherein the apparatus (100) is
configured to feed the amplitudes of the Fourier com-
ponents of the proper subset and/or parameters de-
rived from said Fourier components of the proper
subset into a neural network (116).

11. The apparatus (100) according to one of the claims
7 to 10, wherein the apparatus (100) is configured
to determine cepstral coefficients associated with
said proper subset and to feed said cepstral coeffi-
cients into said neural network (116).

12. The apparatus (100) according to claim 11, wherein
said apparatus (100) is configured to apply a princi-
pal component analysis, PCA, to said cepstral coef-
ficients, whereby principal components associated
with said cepstral coefficients are obtained, and to
feed said principal components into said neural net-
work (116).

13. The apparatus according to one of the claims 7 to
12, further comprising a ventilator (120) configured
to be controlled by said combination based on the
characterization.
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