
A METHOD FOR DETECTING HEARTBEAT AND/OR RESPIRATION FIELD OF THE INVENTION
Embodiments of the invention relate to the field of electronic sensing,
such as wireless sensing, for example. By way of example, embodiments of
the invention relate to a method for detecting heartbeat and/or
respiration, as well as a corresponding device. BACKGROUND OF THE INVENTION
Electronic sensing has been used in the biomedical field for a long time,
to perform functions such as monitoring the heartbeat rate and monitoring
the respiratory rate, for example. Electronic sensing has also been used in
electronic lie-detector systems, terrorist scanning, athlete health
monitoring by monitoring a subject's pulse rate, for example. In most of
the above mentioned examples, electronic sensing is typically performed via
"wired" means. In this context, wires or cables are connected from a sensor
attached to the subject's body to a processing system, which will process
and interpret the electrical signals from the sensor in order to display a
reading on the monitored characteristic (such as heartbeat rate,
respiratory rate and pulse rate, for example). However, for some
applications, "wired" means are difficult to implement or inconvenient for
practical use. Recently, electronic sensing via wireless means has been
considered for use in estimating the heartbeat and/or respiratory rate, for
example. In this context, one difficult problem encountered in estimating
the heartbeat and/or respiratory rate using wireless means is that the
reflected radio wave signal due to the heartbeat and the respiratory
movement of chest is typically very weak. Although it is possible 



to increase the amplitude of the reflected signal by increasing the
transmitted signalpower, this has adverse effects on the health of the
subject. Therefore, it is not a practical solution to increase the
transmitted signal power. Typically, electronic sensing in the biomedical
field utilize radio wave signals with very low power. To increase the
probability of detecting the reflected radio signal within a same time
interval, a high frequency radio signal can be used. This is because the
frequency of the reflected signal is related to the frequency of the
transmitted signal, where the doppler frequency of the reflected signal can
be increased by increasing the frequency of the transmitted signal.
However, a high frequency signal experiences strong attenuation while
propagating in the human body. As a result, the performance of conventional
methods on the detection and the subsequent analysis of this reflected
radio wave signal is poor in such applications. Additionally, it is
difficult to get an accurate estimate of the heartbeat and/or respiratory
rate, especially when there are movement perturbations between the sensor
and the subject. These perturbations introduce additional random
interference in the received signal. In some scenarios, these perturbations
will even result in false detections of the heartbeat and/or respiratory
rate. It is also difficult to extract the heartbeat and/or respiratory rate
of a specified target from crowd. The reflected signal contains the
heartbeat/respiratory signal from almost all the subjects in the crowd. It
is important to extract the reflected signal from a specific subject. This
is especially difficult for conventional methods. The above discussed
problem may be addressed using embodiments of the present invention.
SUMMARY OF THE INVENTIONIn one aspect of the invention, a method for
detecting heartbeat and/or respiration 



is provided. The method provided includes receiving a wave signal, and
analyzing the received wave signal using a heartbeat and/or respiratory
model, thereby providing a result signal indicating whether the received
wave signal represents heartbeat and/or respiration. In another aspect of
the invention, a device for detecting heartbeat and/or respiration is
provided. The device comprises a receiver unit configured to receive a wave
signal, and an analysis unit configured to analyze the received wave signal
using a heartbeat and/or respiratory model, thereby providing a result
signal indicating whether the received wave signal represents heartbeat
and/or respiration. BRIEF DESCRIPTION OF THE DRAWINGS In the drawings, like
reference characters generally refer to the same parts throughout the
different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the
invention. In the following description, various embodiments of the
invention are described with reference to the following drawings, in which:
Figure 1A shows a flow chart of one method, according to one embodiment of
the invention, for detecting heartbeat and/or respiration. Figure 1B shows
a system on which a method of detecting heartbeat and/or respiration may be
implemented according to one embodiment of the invention. Figure 2 shows a
block diagram of a wireless heartbeat and respiratory rate monitoring
(WHRM) device according to one embodiment of the invention. Figure 3 shows
a block diagram of the signal transmit/receive module (STRM) 



according to one embodiment of the invention.Figure 4 shows a block diagram
of a third configuration of the signal transmit/receive module (STRM)
according to one embodiment of the invention. Figure 5 shows a block
diagram of the radio frequency (RF) module (RM) according to one embodiment
of the invention. Figure 6 shows a block diagram of the transmitter
beamformer (TB) module according to one embodiment of the invention. Figure
7 shows a block diagram of the receiver beamformer (RB) module according to
one embodiment of the invention. Figure 8 shows a block diagram
illustrating the pre-processing block of the heartbeat and/or respiration
detection and estimation module (HRDEM) according to one embodiment of the
invention. Figure 9 shows a block diagram of an implementation of the first
method of estimating heartbeat and/or respiratory rate, according to one
embodiment of the invention. Figure 10 shows a block diagram of an
implementation of the second method of estimating heartbeat and/or
respiratory rate, according to one embodiment of the invention. Figure 11
shows a block diagram of an implementation of the third method of
estimating heartbeat and/or respiratory rate, according to one embodiment
of the invention. Figure 12 shows a block diagram of an implementation of
the Bayesian filter-like rate estimation module, according to one
embodiment of the invention.Figure 13 shows a system built according to one
embodiment of the invention. Figure 14 shows a block diagram of various
functional blocks employed by a signal 



processing software operating from a computer. DETAILED DESCRIPTION OF THE
INVENTION According to an embodiment of the invention, methods for
detecting heartbeat and/or respiration are provided. Figure 1A shows a
flow-chart 150 of one method for detecting heartbeat and/or respiration.
The method includes receiving a wave signal at 152, and at 154 analyzing
the received wave signal using a heartbeat and/or respiratory model,
thereby providing a result signal indicating whether the received wave
signal represents heartbeat and/or respiration. The method may include (not
shown), before receiving the wave signal at 152, transmitting the wave
signal. The method may also include providing an estimate of respiratory
and/or heartbeat rate. According to an embodiment of the invention, a
device for detecting heartbeat and/or respiration is provided. The device
provided includes a receiver unit configured to receive a wave signal, and
an analysis unit configured to analyze the received wave signal using a
heartbeat and/or respiratory model, thereby providing a result signal
indicating whether the received wave signal represents heartbeat and/or
respiration. The device may include a transmitter unit configured to
transmit the wave signal for the receiver unit. The device may also provide
an estimate of respiratory and/or heartbeat rate. Embodiments of the
invention emerge from the dependent claims. Illustratively, the detection
of the heartbeat and/or respiratory rate via wireless means may be carried
out as follows. First, a wave signal may be transmitted to a subject. Next,
the wave signal, which has been reflected from the subject, may be
received. Finally, some signal processing techniques may be applied to
thereceived wave signal, in order to obtain an estimate of the heartbeat
and/or 



respiratory rate, for example. In view of the above, in one embodiment, the
method provided may further include providing an estimate of respiratory
and/or heartbeat rate. In one embodiment, analyzing the received wave
signal using a heartbeat and/or respiratory model includes carrying out a
spectral transformation on a signal dependent from the received wave
signal, and components of the transformed signal, the frequency of which is
below a predefined frequency threshold, are used for providing the result
signal. In another embodiment, the predefined frequency threshold is in a
range from about 0.5 Hz to about 3 Hz. In yet another embodiment, the
predefined frequency threshold is in a range from about 0.2 Hz to about 1
Hz. In one embodiment, the spectral transformation is a Fourier
Transformation. In one embodiment, analyzing the received wave signal using
a heartbeat and/or respiratory model includes carrying out a regression
analysis (e.g., an autoregression analysis) on a signal dependent from the
received wave signal, thereby generating regression parameters and carrying
out a spectral transformation on the signal dependent from the received
wave signal using the regression parameters, wherein components of the
transformed signal, the frequency of which is in a predefined frequency
range, are used for providing the result signal. In one embodiment, the
heartbeat and/or respiratory model comprises a Bayesianfilter like
heartbeat and/or respiratory model. In another embodiment, the
Bayesianfilter like heartbeat and/or respiratory model comprises an
estimation method based on a Kalman filter, e.g., an extended Kalman
filter. In one embodiment, the Bayesian-filter like heartbeat and/or
respiratory model comprises an estimation method based on an unscented
Kalman filter. In another 



embodiment, the Bayesian-filter like heartbeat and/or respiratory model
comprises an estimation method based on a Particle filter.In one
embodiment, analyzing the received wave signal using a heartbeat and/or
respiratory model includes carrying out a transformation on a signal
dependent from the received wave signal, determining an observation signal
comprising the transformed signal and carrying out a statistical analysis
on the observation signal, wherein the result signal is provided based on
the result of the statistical analysis. In one embodiment, the received
wave signal is an electromagnetic wave signal. In another embodiment, the
received wave signal is a continuous wave electromagnetic wave signal. In
one embodiment, the electromagnetic wave signal has a frequency in a range
of a radio wave signal transmitted from a transmitter device. In this
embodiment, the transmitter device may be, but is not limited to, a wave
signal transmitter device, for example. In one embodiment, the method
provided further includes beamforming the received wave signal. In another
embodiment, the method provided further includes transmitting a transmit
wave signal to be reflected, wherein the received wave signal comprises the
reflected wave signal. In one embodiment, the received wave signal is the
transmitted wave signal modulated by reflection. In another embodiment, the
received wave signal is the transmitted wave signal reflected by a living
being and modulated by the reflection. In one embodiment, the transmitted
wave signal is modulated based on the motion of the heart wall and the
chest of the living being. In another embodiment, the received wave signal
is the transmitted wave signal phase modulated by the reflection. 



In one embodiment, the method provided further includes beamforming the
transmitted wave signal.In one embodiment, analyzing the received wave
signal includes demodulating the received wave signal. In one embodiment,
the device provided further includes at least one antenna and a first
beamforming unit configured to beamform the received wave signal. In. one
embodiment, the device provided further includes a transmitter unit
configured to transmit a wave signal to be reflected, wherein the received
wave signal comprises the reflected wave signal. In one embodiment, the
device provided further includes a second beamforming unit configured to
beamform the transmitted wave signal. The embodiments which are described
in the context of the method for detecting heartbeat and/or respiration are
analogously valid for the respective devices, and vice versa. Figure 1B
shows a system 100 on which a method of detecting heartbeat and/or
respiration may be implemented according to one embodiment of the
invention. The system 100 includes a subject 1 and a wireless heartbeat and
respiratory rate monitoring (WHRM) device 5. In this illustration, the
method of detecting heartbeat and/or respiration may be implemented on the
wireless heartbeat and respiratory rate monitoring (WHRM) device 5, for
example. The operation of the wireless heartbeat and respiratory rate
monitoring (WHRM) device 5 may be described as follows. The wireless
heartbeat and respiratory rate monitoring (WHRM) device 5 first transmits a
wave signal to the subject 1. In this context, the wave signal may be, but
is not limited to, an electromagnetic wave signal, for example. In one 



embodiment, the wave signal is a continuous wave electromagnetic wave
signal.The wireless heartbeat and respiratory rate monitoring (WHRM) device
5 then receives another wave signal 3, where this received wave signal 3
may include the reflected transmitted wave signal from the subject 1, for
example. In one embodiment, the received wave signal 3 is the transmitted
wave signal reflected by the subject 1 and modulated by the said
reflection. In another embodiment, wherein the transmitted wave signal is
modulated based on the motion of the heart wall and the chest of the
subject 1. In this context, the received wave signal 3 may include
information on the heartbeat and/or respiratory rate, for example. The
wireless heartbeat and respiratory rate monitoring (WHRM) device 5 then
applies signal processing techniques to process the received wave signal 3,
in order to obtain an estimate of the heartbeat and/or respiratory rate of
the subject 1. The signal processing techniques applied will be described
in more detail later. Data on the heartbeat and/or respiratory rate is
provided in a result signal 7, the result signal 7 also indicating whether
the received wave signal 3 represents heartbeat and/or respiration. Figure
2 shows a block diagram 200 of a wireless heartbeat and respiratory rate
monitoring (WHRM) device 5 according to one embodiment of the invention. As
shown in Figure 2, the wireless heartbeat and respiratory rate monitoring
(WHRM) device 5 includes a signal transmit/receipt module (STRM) 11, a
heartbeat and/or respiration detection and estimation module (HRDEM) 14 and
a system control module (SCM) 15. The signal transmit/receive module (STRM)
11 performs the function of transmitting the wave signal to the subject 1.
The signal transmit/receive module (STRM) 11 



further performs the function of receiving the (reflected) wave signal,
which may be reflected from the subject 1.The signal transmit/receive
module (STRM) 11 also provides a first signal 13 to the heartbeat and/or
respiration detection and estimation module (HRDEM) 14. The first signal 13
may be, but is not limited to, a digitized signal which includes
information on the heartbeat and/or respiratory rate of the subject 1, for
example. The heartbeat and/or respiration detection and estimation module
(HRDEM) 14 performs the function of detecting and estimating the heartbeat
and/or respiratory rate of the subject 1, based on the received first
signal 13. The HRDEM 14 provides the results from detecting and estimating
the heartbeat and/or respiratory rate of the subject 1 as data in the
result signal 7. The system control module (SCM) 15 provides a first
control signal 17 to the signal transmit/receive module (STRM) 11 and a
second control signal 19 to the heartbeat and/or respiration detection and
estimation module (HRDEM) 14. The first control signal 17 and the second
control signal 19 are used to respectively control the operations of the
signal transmit/receive module (STRM) 11 and the heartbeat and/or
respiration detection and estimation module (HRDEM) 14. Figure 3 shows a
block diagram 300 of the signal transmit/receive module (STRM) 11 according
to one embodiment of the invention. As shown in Figure 3, the signal
transmit/receive module (STRM) 11 includes an antenna 2 1, a radio
frequency (RF) module (RM) 23, a receiver beamformer (RB) module 29 and a
transmitter beamformer (TB) module 3 1. In one embodiment, the signal
transmit/receive module (STRM) 11 may include more than one antenna 2 1 and
more than one radio frequency (RF) module (RM) 23. In this embodiment, the
antenna is labeled as 2 1 and the additional antenna is 



labeled as 2 1' . Likewise, the radio frequency (RF) module (RM) is labeled
as 23 and the additional radio frequency (RF) module (RM) is labeled as
23'.In one embodiment, the antenna 2 1 may be identical to the additional
antenna 21'. In another embodiment, the radio frequency (RF) module (RM) 23
may be identical to the additional radio frequency (RF) module (RM) 23'. In
this illustration, it can be seen that the wave signal 3 is in this
embodiment an electromagnetic wave signal in the radio frequency (RF)
range. The antenna 2 1 may be used to transmit an RF wave signal (on the
transmit path) and to receive the RF wave signal 3 (on the receive path).
The radio frequency (RF) module (RM) 23 may be used to process the RF wave
signal to be transmitted on the transmit path. In this regard, a second
signal 27 may be received from the transmitter beamformer (TB) module 3 1.
The processed signal based on the second signal 27 may then be provided to
the antenna 2 1, for transmission. The radio frequency (RF) module (RM) 23
may be used to also process the received RF wave signal 3 on the receive
path. In this regard, a processed wave signal 25 is provided by the radio
frequency (RF) module (RM) 23 to the receiver beamformer (RB) module 29,
for further processing. The receiver beamformer (RB) module 29 may be used
to form a beam to a desired direction (for example, the direction of the
subject 1) so that the received RF wave signal 3 may be enhanced. The
receiver beamformer (RB) module 29 receives the processed wave signal 25
from the radio frequency (RF) module (RM) 23, and provides the first signal
13 as its output signal. Denoting the processed waveform signal 25 as X1( )
= I,--, L , where L is the number of sensors, the first signal 13, being
the output signal is expressed as 



the weights wy is designed according to the spatial and temporal response
of the STRM 11.The transmitter beamformer (TB) module 3 1 may be used to
generate the corresponding signals to feed the antenna 2 1, in order to
form a transmission beam to a desired direction (for example, the direction
of the subject 1) . Additionally, in the embodiment where the signal
transmit/receive module (STRM) 11 may include more than one antenna 2 1 and
more than one radio frequency (RF) module (RM) 23, there may be more than
one second signal 27 and more than one processed wave signal 25. In this
embodiment, the second signal is labeled as 27 and the additional second
signal is labeled as 27'. Similarly, the processed wave signal is labeled
as 25 and the additional processed wave signal is labeled as 25'. In one
embodiment, the second signal 27 may be identical to the additional second
signal 27'. In another embodiment, the processed wave signal 25 may be
identical to the additional processed wave signal 25'. Further, it should
be noted that the signal transmit/receive module (STRM) 11 may be arranged
in different configurations. In a first configuration, the signal
transmit/receive module (STRM) 11 may be arranged as a multiple
transmitter, multiple receiver system. In other words, the signal
transmit/receive module (STRM) 11 may include a plurality of antennas 2 1
and a plurality of radio frequency (RF) modules (RM) 23, as shown in Figure
3. In this configuration, with the use of the receiver beamformer (RB)
module 29 and the transmitter beamformer (TB) module 3 1, the transmitted
RF wave signal may be focused and directed towards the subject 1, and the
received RF wave signal may be received by the plurality of antennas 2 1
with high directivity and a high antenna gain (i.e., with an enhanced
signal to noise ratio (SNR)). 



It can be seen that by controlling the receiver beamformer (RB) module 29
and the transmitter beamformer (TB) module 3 1 accordingly, this
configuration has an advantage of being flexible in relation to signal
transmission and signal reception.However, this configuration has a
disadvantage in that it has high implementation complexity as well as high
implementation costs. In a second configuration, the signal
transmit/receive module (STRM) 11 may be arranged as a single transmitter,
multiple receiver system. In this configuration, the signal
transmit/receive module (STRM) 11 may include a plurality of antennas 2 1
and a plurality of radio frequency (RF) modules (RM) 23, as shown in Figure
3. However, in this configuration, only one radio frequency (RF) modules
(RM) 23 may have a receive path as well as a transmit path, while the other
radio frequency (RF) modules (RM) 23 may have only a receive path (i.e., no
transmit path). The second configuration has an advantage in that the
plurality of antennas 2 1 may be used to enhance the received RF wave
signal 3, i.e., the received RF wave signal may be received by the
plurality of antennas 2 1 with high directivity and a high antenna gain
(i.e., with an enhanced signal to noise ratio (SNR)). Further, this
configuration may be used to focus on the received RF wave signal 3 from
the subject 1 who may be in the midst of a crowd, for example.
Additionally, the implementation costs for this configuration is lower than
that for the first configuration. Figure 4 shows a block diagram 400 of a
third configuration of the signal transmit/receive module (STRM) 11
according to one embodiment of the invention. In a third configuration, the
signal transmit/receive module (STRM) 11 may be arranged as a single
antenna system, which includes one antenna 2 1 and one radio frequency (RF)
module (RM) 23, as shown in Figure 4. 



In this configuration, the receiver beamformer (RB) module 29 may be a
direct connection from the processed wave signal 25 to the first signal 13,
for example. In other words, the first signal 13 may be the processed wave
signal 25. Further, in this configuration, the transmitter beamformer (TB)
module 3 1 may be a single output system, for example. In this regard, the
internal linear filters oftransmitter beamformer (TB) module 3 1 (which
will be discussed in more detail in relation to Figure 6 later) may not be
implemented. The third configuration has an advantage in that it has a low
implementation cost. However, the first configuration does not have the
capability to enhance the received wave signal 3. Figure 5 shows a block
diagram 500 of the radio frequency (RF) module (RM) 23 according to one
embodiment of the invention. As shown in Figure 5, the radio frequency (RF)
module (RM) 23 includes a duplexer 33, a power amplifier 35, a modulator
37, a digital to analog converter (D/A) 39, an oscillator 4 1, an analog to
digital converter (A/D) 43, a demodulator 45 and a low noise amplifier 47.
The duplexer 33 may be used to control the operation mode of the antenna 2
1. As mentioned earlier, the antenna 2 1 may be used to transmit the RF
wave signal (on the transmit path) and to receive the RF wave signal 3 (on
the receive path). In this context, for the transmit operation mode, the
duplexer 33 may be used to switch the antenna 2 1 such that the antenna 2 1
is connected to the corresponding component on the transmit path, namely,
the amplifier 35. On the other hand, for the receive operation mode, the
duplexer 33 may be used to switch the antenna 21 such that the antenna 2 1
is connected to the corresponding component on the receive path, namely,
the low noise amplifier 47. 



The components along the transmit path may include the power amplifier 35,
the modulator 37 and the digital to analog converter (D/A) 39. The signal
flow along the transmit path may be described as follows. The second signal
27, which is received by the radio frequency (RF) module (Riv/j) 23 from
the transmitter beamformer (TB) module 31, is a digital signal. The digital
o analog converter (D/A) 39 converts the second signal 27 into an analog
signal .Next, the modulator 37 modulates the analog signal 6 1 onto a high
frequency carrier signal 63 by, in order to obtain a resultant modulated
signal 59. Following which, the power amplifier 35 amplifies the amplitude
of the resultant modulated signal 59. Subsequently, the amplified signal 5
1 is fed to the antenna 2 1 via the duplexer 33. As a side note, it can be
seen from Figure 5 that the high frequency carrier signal 63 is provided by
the oscillator 4 1 to the modulator 37 as well as to the demodulator (on
the receive path), i.e., the high frequency carrier signal 63 may be used
on both the transmit and receive paths. Further, it should be noted that
the frequency of the high frequency carrier signal 63, f c , may be
selected according to the intended application, since the depth of
penetration of the high frequency carrier signal varies depending on the
frequency of the high frequency carrier signal. In one embodiment, the
frequency of the high frequency carrier signal 63, / c , may be in the
range from about 100 MHz to 4 GHz, for example. Turning now to the receive
path, the components along the receive path may include the analog to
digital converter (A/D) 43, the demodulator 45 and the low noise amplifier
47. The signal flow along the receive path may be described as follows. 



A received signal 53 from the antenna 2 1 is provided to the low noise
amplifier 47 via the duplexer 33. The low noise amplifier 47 amplifies the
amplitude of the received signal 53. Subsequently, the amplified received
signal 55 is provided to the demodulator 45. The demodulator 45 processes
the amplified received signal 55 using the reference high frequency signal
63, in order to retrieve a demodulated baseband signal 57. It should be
noted that in general, the frequency components of the demodulatedbaseband
signal 57 are usually of a significantly lower frequency compared to the
frequency of the high frequency carrier signal, f c . Next, the analog to
digital converter (A/D) 43 may be used to sample and convert the
demodulated baseband signal 57 into the processed wave signal 25. In this
context, the processed wave signal 25 may be a digital baseband signal, for
example. The processed wave signal 25 may be used for further digital
processing. Further, the sampling process carried out by the analog to
digital converter (A/D) 43 on the demodulated baseband signal 57 may be,
but is not limited to, a single channel sampling process, or an I-Q channel
sampling process, for example. Figure 6 shows a block diagram 600 of the
transmitter beamformer (TB) module 3 1 according to one embodiment of the
invention. The transmitter beamformer (TB) module 3 1 includes a signal
generator 77 and at least one linear filter 8 1. In one embodiment, the
transmitter beamformer (TB) module 3 1 may include more than one linear
filter 8 1. In this embodiment, the linear filter is labeled as 8 1 and the
additional linear filter is labeled as 81'. In another embodiment, the
linear filter 8 1 may be identical to the additional linear filter 81'. The
signal generator 77 may be used to generate a transmit wave signal 83. The
at 



least one linear filter 8 1 may receive and filter the transmit wave signal
83, and may provide the second signal 27. Additionally, in the embodiment
where the transmitter beamformer (TB) module 3 1 may include more than one
linear filter 8 1, there may be more than one second signal 27. In this
embodiment, the second signal is labeled as 27 and the additional second
signal is labeled as 27'. In one embodiment, the second signal 27 may be
identical to the additional second signal 27'.As an illustrative example,
in an embodiment where there are N linear filters 8 1, the transmitter
beamformer (TB) module 3 1 may generate N second signals 27, in order to
feed the antenna 2 1 to form a transmission beam to a desired direction,
for example. It should be noted that the response of the at least one
linear filter 8 1 may be controlled using the first control signal 17. The
response of the at least one linear filter 8 1 may be designed using
conventional methods, for example. As an illustrative example, the at least
one linear filter 8 1 may be designed as a time-shift filter with different
delay times. The response of such a linear filter may be expressed as sin(
(k-D)T s ) p(k-D)T s where D is the time delay and Ts is the sampling
interval. Further, K may be selected to be a value larger than D . It
should be noted that the respective values to be used may be determined by
experiment in order to achieve the desired performance. > Additionally, if
a uniform linear array (ULA) is used, the delay WrOeD for the itb channel
may be determined by 



D J -d - q ( c 2) where d is the inter-element distance of the array and c
is the speed of the radio wave signal. The delay of each channel may then
be determined. Next, the impulse response of each FIR filter (/c) may be
calculated, so as to steer the beam to the specific direction . Figure 7
shows a block diagram 700 of the receiver beamformer (RB) module 29
according to one embodiment of the invention.The receiver beamformer (RB)
module 29 includes at least one linear filter 67 and an adder unit 69. In
one embodiment, the receiver beamformer (RB) module 29 may include more
than one linear filter 67. In this embodiment, the linear filter is labeled
as 67 and the additional linear filter is labeled as 67'. In another
embodiment, the linear filter 67 may be identical to the additional linear
filter 67'. Each of the at least one linear filter 67 may receive a
processed wave signal 25 from a corresponding radio frequency (RF) module
(RM) 23. Each of the at least one linear filter 67 may filter the processed
wave signal 25 and may output a filtered wave signal 65. The output signal
(i.e. the first signal 13), y(ri) , of the receiver beamformer (RB) module
29 is the weighted sum of the tap-delayed signal samples X1(H) of the
processed wave signal 25, i.e., Additionally, in the embodiment where the
receiver beamformer (RB) module 29 may include more than one linear filter
67, there may be more than one processed wave signal 25 and more than one
filtered wave signal 65. In this embodiment, the processed wave signal is
labeled as 25 and the additional processed wave signal is 



labeled as 25'. Likewise, the filtered wave signal is labeled as 65 and the
additional filtered wave signal is labeled as 65'. In one embodiment, the
processed wave signal 25 may be identical to the additional processed wave
signal 25'. In another embodiment, the filtered wave signal 65 may be
identical to the additional filtered wave signal 65'. The adder unit 69 may
sum all the filtered wave signals 65 from the respective at least one
linear filter 67, to form the first signal 13.As an illustrative example,
in an embodiment where there are N linear filters 67 (and correspondingly,
N processed wave signals 25 and N filtered wave signals 65), the adder unit
69 may sum N filtered wave signals 65, to form the first signal 13. It
should be noted that the at least one linear filter 67 may be controlled
using the first control signal 17. The response of the at least one linear
filter 67 may be designed so as to maximize the signal to noise ratio (SNR)
of the first signal 13, for example. The first control signal 17 may also
be used to control the array beam pattern to specific direction, for
example. Further, the filter response of the at least one linear filter 67
may be fixed or adaptively adjusted. Further, the first signal 13 provided
to the heartbeat/respiratory detection and estimation module (HRDEM) 14 may
include the Doppler frequency information of the heartbeat and/or
respiratory rate. Next, three different implementations of the
heartbeat/respiratory detection and estimation module (HRDEM) 14 are
discussed. In each implementation, different heartbeat and/or respiratory
rate estimation methods may be used. The first method is based on the Fast
Fourier Transform (FFT) technique. This 



method has an advantage in that its implementation is quite simple and low
cost. However, this method only has low frequency analysis resolution and
may not be suitable for applications with perturbation between the
equipment and the subject, e.g., a human. The second method is based on the
auto-regressive (AR) model for high resolution analysis. This method has
higher frequency resolution. However, the frequency resolution provided by
this method may still not be suitable for application with perturbation
between the equipment and the human.The third method is based on a
state-space formulation of the signal model and the observed signal. In one
embodiment, a Kalman filter like processing system may be used, in order to
extract the heartbeat/respiratory rate with high resolution. This method
has an advantage in that the high frequency resolution it provides may be
able to deal with perturbation between the equipment and human. However,
this method also has a disadvantage in that it has a high computation load
compared to the other mentioned methods. Figure 8 shows a block diagram 800
illustrating the pre-processing block 9 1 of the heartbeat and/or
respiration detection and estimation module (HRDEM) 14, according to one
embodiment of the invention. The pre-processing block 9 1 may be used to
apply signal processing techniques on the first signal 13, in order to
obtain a pre-processed signal 13'. In this context, the pre-processed
signal 13' may be in a form which is more suitable for subsequent
processing. The pre-processing block 9 1 includes a low pass Finite Impulse
Response (FIR) filter module 93 and a downsampiing module 95. The low pass
Finite Impulse Response (FIR) filter module 93 may be used to 



remove the high frequency components in the first signal 13, in order to
form a filtered first signal 97. The downsampiing module 95 may be used to
reduce the sampling rate of the filtered first signal 97. The sampling rate
of the filtered first signal 97 may be reduced by a factor of 2 or a factor
of 5/4, for example. Figure 9 shows a block diagram 900 of an
implementation of the first method of estimating heartbeat and/or
respiratory rate, according to one embodiment of the invention.As mentioned
earlier, the first method of estimating heartbeat and/or respiratory rate
may be based on the Fast Fourier Transform (FFT) technique. The
implementation of the first method of estimating heartbeat and/or
respiratory rate includes a serial to parallel converter module 100, a zero
appending module 102, a Fast Fourier Transform (FFT) module 104 and a rate
extraction module 106. The serial to parallel converter module 100 may
convert the received pre-processed signal 13' into a signal block 108 with
length L/, for example. The zero appending module 102 may then append the
block signal 108 with N' zeros (at the end of the block signal) to form a
new block signal 110. As a side note, the length of the new block signal
110 is N+N'. Next, the Fast Fourier Transform (FFT) module 104 may apply a
Fourier Transform operation on the new block signal 110, and provide an
output signal 112 to the rate extraction unit 106. In mathematical
expression, the Fourier Transform may be expressed as X(Jc)= c(n)e (3) H=O
where x(ri) is the zero-appended signal vector. The index k is the
frequency index, 



i.e., the \ h bin is equivalent to the frequency kfs l(N+N') , where /Js
the sampling rate. As a side note, in practice, the calculation of Fourier
Transform may be implemented in a more efficient form known as Fast Fourier
Transform (FFT), for example. The rate extraction module 106 may select the
peak of the output signal 112 in low frequency band according to the
sampling rate of the first signal 13' and the conventional frequency band
of heartbeat and respiratory signal. The rate extraction module 106
provides an output being the result signal 7.Figure 10 shows a block
diagram 1000 of an implementation of the second method of estimating
heartbeat and/or respiratory rate, according to one embodiment of the
invention. As mentioned earlier, the second method of estimating heartbeat
and/or respiratory rate may be based on the auto-regressive (AR) model for
high resolution analysis. The implementation of the second method of
estimating heartbeat and/or respiratory rate includes a delay module 120, a
subtraction module 122, an optimal weight calculation module 124, a rate
extraction module 126 and a Finite Impulse Response (FIR) filter module
128. It is assumed that the received pre-processed signal 13' is a signal
generated by an auto-regressive (AR) model. In this regard, the
pre-processed signal 13', ;c(n) , may be expressed as x ({ ) = 2 akx(n -k)
+v(p) (4) k=\ where {ak}are the auto-regressive (AR) model parameters and
v(ri) is the process noise. 



The delay module 120 may receive the pre-processed signal 13', and may
output a delayed first signal 130. The Finite Impulse Response (FIR) filter
module 128 may receive the preprocessed signal 13', and may output a third
signal (n) 136. The third signal y() 136 may be expressed as y(n) =
akx(n-k) (5) The subtraction module 122 may subtract the third signal y{n)
136 from the delayed first signal 130, to form an error signal, e(n) ,132,
which may be expressed ase(n) =x{n)- akx(n-k) (6) The optimal weight
calculation module 124 may calculate the filter coefficients of the Finite
Impulse Response (FIR) filter module 128 (138). The algorithms used for
calculating the filter coefficients of the Finite Impulse Response (FIR)
filter module 128 (138), may be, but are not limited to, the linear
prediction coefficient (LPC) algorithm, the least mean square (LMS)
algorithm and the recursive least square (RLS) algorithm, for example. The
optimal weight calculation module 124 may also provide an optimal
estimation of the auto-regressive (AR) model parameters {ak } 134. The
algorithm used for providing the optimal estimation of the auto-regressive
(AR) model parameters {ak } 134, may be, but are not limited to, the linear
prediction coefficient (LPC) algorithm, the least mean square (LMS)
algorithm and the recursive least square (RLS) algorithm, for example. As
an illustrative example, using the least mean square (LMS) algorithm, the
optimal estimation of the auto-regressive (AR) model parameters {a 134 may
be obtained as ak - ak +me()x(n-k) (7) 



where m is the step size. The other algorithm used for providing the
optimal estimation of the auto-regressive (AR) model parameters { 134, such
as the linear prediction coefficient (LPC) algorithm and the recursive
least square (RLS) algorithm, for example, may also be applied in specific
applications, such as in a reduced computational load scenario or in block
processing mode, for example. The rate calculation module 126 receives the
calculated auto-regressive (AR) model parameters {ak } 134 and computes the
spectrum of the first signal 13' ass. P(w) = - (8) J A=I where is the
variance of process noise and ris the sampling rate. The heartbeat and/or
respiratory rate may then be extracted from the power spectrum P( ) of the
result signal 7. In this context, the spectrum peaks correspond to the
heartbeat and/or respiratory rate. Figure 11 shows a block diagram 1100 of
an implementation of the third method of estimating heartbeat and/or
respiratory rate, according to one embodiment of the invention. As
mentioned earlier, the third method of estimating heartbeat and/or
respiratory rate may be based on a state-space formulation of the signal
model and the observed signal. The implementation of the third method of
estimating heartbeat and/or respiratory rate includes a Bayesian
filter-like rate estimation module 160. The Bayesian filterlike rate
estimation module 160 accepts as input the first signal 13 and produces as 



output the result signal 7. In this implementation, it is assumed that
there are perturbations between the subject 1 and the antenna 2 1.
Therefore, the resultant Doppler frequency information in the received
signal wave 3 includes the frequency components not only caused by
heartbeat and/or respiration, but also the perturbation between the subject
1 and the antenna 2 1. The said perturbations are not known typically
during the processing. However, the variance of the said perturbations may
be estimated by experiment or may be given by prior knowledge. As such,
this implementation may be able to estimate the heartbeat and/or
respiratory rate with the unknown perturbations.Next, the signal model 160
for Bayesian filter-like rate estimation is discussed in more detail.
Figure 12 shows a block diagram 1200 of an implementation of the Bayesian
filterlike rate estimation module 160, according to one embodiment of the
invention. The Bayesian filter-like rate estimation module 160 includes an
observation noise module 150, a signal model module 152, a state noise
module 154, an adder module 156 and a delay module 158. The observation
noise module 150 may generate an observation noise signal w(ri) 162 and
provide it to the signal model module 152. The state noise module 154 may
generate a perturbation signal v(n) 166 and provide it to the adder module
156. The adder module 156 may add the received perturbation signal V(Z )
166 to a delayed Doppler signal f h{n-\) 170, in order to obtain a Doppler
signal f () 168, i.e., The Doppler signal f h() 168 may then be provided to
the signal model 152 and 



the delay module 158. The Doppler signal f (n) contains data on the
heartbeat and/or respiratory rate. The delay module 158 may generate the
delayed Doppler signal f h(n-\) 170 from the received Doppler signal f h(n)
168, and provide it to the adder module 156. The signal model module 152
may generate an observed signal y(n) 164 based on the received observation
noise signal w{n) 162 and the received Doppler signal / ( ) 168. In more
detail, the Doppler signal f h{) 168 controls the auto-regressive(AR) model
parameters^} of the observed signal y(ri) 164. In this regard, the observed
signal y(n) 164 may be expressed as y(n) = g(f h(n)) + w(n) (10) where
g(fh(n)) is a function of signal model 152. It will be appreciated that,
from a signal processing view, the observed signal y() '\G4 is equivalent
to the preprocessed signal 13' of Figure 8. As a side note, the function
g(fh(n)) is generally non-linear. Further, it should be noted that the
Bayesian filter-like rate estimation method may be based on the observation
signal y(n) 164 and the signal model 152 f h{n) . In view \haiy(n) is a
nonlinear function oif h{) , methods of estimation such as the extended
Kalman filter algorithm, the unscented Kalman filter algorithm or the
Particle filter algorithm, for example, may be used to estimate y{) .
Further, since the function f k() is linear, and only the function ( ) is
non-linear, the Unscented Kalman filter algorithm may be a suitable choice
to use as the method of estimation in practice. The estimation of the
frequency (n) may be described as follows. Initialization / (0) = 60 P(O) =
0.1 (1 1) 



It should be noted that any value may be used to the initial values. The
initial values may be different from the ones shown in Equation ( 11) .
Next, for the iterations /c e l,---,  , the following are calculated.
Calculation of Sigma Points F(k-i ) =[fh - ) Z* (*-i)+ P (*-I)- /P(-I)]
(12)Time Update F*(k\k- )=F(k- ) F(f - iy= f,;{k) f,;(k)+ r Jv-(k) f,;(k)-
r Jp-(k) 5 Measurement Update ;=0 K(Jz)=V (14) F(k) =p-(k)-K 2(k)J> where w
=l,-,2L, and sn 2,s are respectively the variances of the observation noise
and the process 10 noise. The function g(x) = sin(2pxt) may be used in the
iteration processing. The estimated heartbeat rate may be given by an
estimate of f h{k) . Figure 13 shows a system 1300 built according to one
embodiment of the invention. [5 In the system 1300, a single transceiver,
is used, the transceiver using a transmitter unit E02 for RF signal
transmitting, and a receiver unit E03 for receiving the wave signal
reflected from a subject E01 . A RF signal generator E04 outputs a sine
wave operating at a frequency of, for example, 24GHz. The generated sine
wave signalis transmitted from the transmitter unit E02. Part of the
transmitted wave signal is reflected from the subject E01 , where
information on the heartbeat and/or 



respiration of the subject E01 is contained in the reflected signal. Due to
the movement of the heart wall, the chest wall and/or perturbation of the
human body, the frequency of the reflected signal may be changed. The
changed frequency is called the doppler frequency. This reflected signal is
received by the receiver unit E03, and multiplied, in the multiplier E05,
with a reference copy of the original transmitted signal transmitted from
the transmitter unit E02. The received wave signal (i.e. the reflected
signal) undergoes filtering in the band pass filter (BPF) E06, so that a
signal containing data on the "doppler frequency" is output from the BPF
E06. The output signal from the BPF E06 is amplified by the amplifier E07,
which may in this embodiment, be a two-stage operational amplifiers with a
gain of about 100. The amplified signal is fed to a data acquisition system
E08 (such as one manufactured by [National Instrument (Nl)], which is
controlled by a signal processing software operating from a computer E09.
Figure 14 shows a block diagram 1400 of various functional blocks (E1 1 to
E15) employed by the signal processing software operating from a computer
E09 (see Figure 13). The amplified signal from the amplifier E07 (see
Figure 13) undergoes sampling, by the data acquisition system E08, at for
example, a rate of 1KHz and at 16bit ADC resolution. The sampled digital
signal E10 is first fed to a low-pass filter (LPF) E 11, which is designed
using a filter design toolbox in Matlab. After filtering, the signal is
downsampled by a downsampling unit E12, by a factor of 100. In practical
implementation, for downsampling factors of this magnitude, downsampling is
preferably decomposed into several smaller factors, e.g., 100=5x5x4. For
each 



filtering and downsampling procedure, only 5 or 4 times downsampling is
implemented.A downsampl qd signal with a sampling rate 10Hz is fed to an AR
model based spectrum analysis unit E 13. The order of the AR model based
spectrum analysis unit E13 may be 4. With the estimated signal spectrum
obtained by the AR model based spectrum analysis unit E13, spectrum peaks
are located by the spectrum peak localization unit E14. The strongest peaks
in the estimated signal spectrum are located, where the peak with high
frequency provides data on the heartbeat of the subject E01 (see Figure
13), while the peak with low frequency provides data on the respiratory
rate (see Figure 13). The peak locations are then transformed to the
heartbeat and/or respiratory rate and shown in the display unit E15. While
the invention has been particularly shown and described with reference to
specific embodiments, it should be understood by those skilled in the art
that various changes in form and detail may be made therein without
departing from the spirit and scope of the invention as defined by the
appended claims. The scope of the invention is thus indicated by the
appended claims and all changes which come within the meaning and range of
equivalency of the claims are therefore intended to be embraced.CLAIMS What
is claimed is: 1. A method for detecting heartbeat and/or respiration, the
method comprising receiving a wave signal; and analyzing the received wave
signal using a heartbeat and/or respiratory model, thereby providing a
result signal indicating whether the received wave signal represents
heartbeat and/or respiration. 2. The method of claim 1, further comprising 



providing an estimate of respiratory and/or heartbeat rate. 3. The method
of claims 1 or 2, wherein analyzing the received wave signal using a
heartbeat and/or respiratory model comprises carrying out a spectral
transformation on a signal dependent from the received wave signal; wherein
components of the transformed signal, the frequency value of which is below
a predefined frequency threshold, are used for providing the result signal.
4. The method of claim 3 , wherein the predefined frequency threshold is in
a range from about 0.5Hz to about 3 Hz. 5. The method of claim 3, wherein
the predefined frequency threshold is in a range from about 0.2 Hz to about
1 Hz. 6. The method of claims 3 to 5, wherein the spectral transformation
is a Fourier Transformation. 7. The method of claims 1 to 6,wherein
analyzing the received wave signal using a heartbeat and/or respiratory
model comprises: carrying out a regression analysis on a signal dependent
from the received wave signal, thereby generating regression parameters;
and carrying out a spectral transformation on the signal dependent from the
received wave signal using the regression parameters; wherein components of
the transformed signal, the frequency value of which is in a predefined
frequency range, are used for providing the result signal. 8 . The method
of claims 1 to 7, 



wherein the heartbeat and/or respiratory model comprises a Bayesian-filter
like heartbeat and/or respiratory model. 9. The method of claim 8, wherein
the Bayesian-filter like heartbeat and/or respiratory model comprises an
estimation method based on an extended Kalman filter. 10. The method of
claim 8, wherein the Bayesian-filter like heartbeat and/or respiratory
model comprises an estimation method based on an unscented Kalman filter.
11. The method of claim 8, wherein the Bayesian-filter like heartbeat
and/or respiratory model comprises an estimation method based on a Particle
filter. 12. The method of claims 8 to 11, wherein analyzing the received
wave signal using a heartbeat and/or respiratory model comprises carrying
out a transformation on a signal dependent from the received wave signal;
determining an observation signal comprising the transformed signal; and
carrying out a statistical analysis on the observation signal;wherein the
result signal is provided based on the result of the statistical analysis.
13. The method of claims 1 to 12, wherein the received wave signal is an
electromagnetic wave signal. 14. The method of claim 13, wherein the
received wave signal is a continuous wave electromagnetic 



wave signal. 15. The method of claim 13, wherein the electromagnetic wave
signal has a frequency in a range of a radio wave signal transmitted from a
sensor device. 16. The method of claims 13 to 15, further comprising:
beamforming the received wave signal. 17. The method of claims 1 to 12,
further comprising: transmitting a wave signal to be reflected, wherein the
received wave signal comprises the reflected wave signal. 18. The method of
claims 13 to 16, further comprising: transmitting a wave signal to be
reflected, wherein the received wave signal comprises the reflected wave
signal. 19. The method of claims 13 to 16 and 18, wherein the received wave
signal is the transmitted wave signal modulated by reflection. 20. The
method of claim 19, wherein the received wave signal is the transmitted
wave signal reflected by a living being and modulated by the reflection.2
1. The method of claim 20, wherein the transmitted wave signal is modulated
based on the motion of the heart wall and the chest of the living being.
22. The method of claims 13 to 16 and 18 to 2 1, wherein the received wave
signal is the transmitted wave signal phase modulated by reflection. 23.
The method of claim 2 1 or 22, further comprising: 



beamforming the transmitted wave signal. 24. The method of claims 13 to 16
and 18 to 23, wherein analyzing the received wave signal comprises
demodulating the received wave signal. 25. A device for detecting heartbeat
and/or respiration, the device comprising: a receiver unit configured to
receive a wave signal; and an analysis unit configured to analyze the
received wave signal using a heartbeat and/or respiratory model, thereby
providing a result signal indicating whether the received wave signal
represents heartbeat and/or respiration. 26. The device of claim 25,
wherein the heartbeat and/or respiratory model comprises a Bayesian-filter
like heartbeat and/or respiratory model. 27. The device of claim 26,
wherein the Bayesian-filter like heartbeat and/or respiratory model
comprises an estimation unit based on an extended Kalman filter. 28. The
device of claim 26, wherein the Bayesian-filter like heartbeat and/or
respiratory model comprises an estimation unit based on an unscented Kalman
filter.29. The device of claim 26, wherein the Bayesian-filter like
heartbeat and/or respiratory model comprises an estimation unit based on a
Particle filter. 30. The device of claims 25 to 29, wherein the received
wave signal is an electromagnetic wave signal. 3 1. The device of claim 30,
further comprising: at least one antenna; and 



a first beamforming unit configured to beamform the received wave signal.
32. The device of claim 3 1, further comprising: a transmitter unit
configured to transmit a transmit wave signal to be reflected, wherein the
received wave signal comprises the reflected wave signal. 33. The device of
claim 32, further comprising: a second beamforming unit configured to
beamform the transmit wave signal. 


