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PHYSIOLOGICAL SIGNALS

(57) Various sensing systems may benefit from ap-
propriate handling of signal to noise ratios. For example,
detecting and measuring physiological signals may ben-
efit from a phasor approach to signal to noise ratio meas-
urement evaluation. A method can include obtaining a
plurality of observations of a target volume. The method
can also include determining a weight for each observa-

tion of the plurality of observations of the volume. The
weight can be based on a change in phasor character-
istics of the observation. The method can further include
combining the plurality of observations based on the
weight. The method can additionally include identifying
a physiological signal based on the combined observa-
tions.
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Description

BACKGROUND:

Field:

[0001] Various sensing systems may benefit from ap-
propriate handling of signal to noise ratios. For example,
detecting and measuring physiological signals may ben-
efit from a phasor approach to signal to noise ratio meas-
urement evaluation.

SUMMARY:

[0002] According to certain embodiments, a method
can include obtaining a plurality of observations of a tar-
get volume. The method can also include determining a
weight for each observation of the plurality of observa-
tions of the volume. The weight can be based on a change
in phasor characteristics of the observation. The method
can further include combining the plurality of observa-
tions based on the weight. The method can additionally
include identifying a physiological signal based on the
combined observations.
[0003] An apparatus, according to certain embodi-
ments, can include at least one processor and at least
one memory including computer program code. The at
least one memory and the computer program code can
be configured to, with the at least one processor, cause
the apparatus at least to perform a process. The process
can include obtaining a plurality of observations of a tar-
get volume. The process can also include determining a
weight for each observation of the plurality of observa-
tions of the volume. The weight can be based on a change
in phasor characteristics of the observation. The process
can further include combining the plurality of observa-
tions based on the weight. The process can additionally
include identifying a physiological signal based on the
combined observations.
[0004] A computer program product, according to cer-
tain embodiments, can encode instructions for perform-
ing a process. The process can include obtaining a plu-
rality of observations of a target volume. The process
can also include determining a weight for each observa-
tion of the plurality of observations of the volume. The
weight can be based on a change in phasor character-
istics of the observation. The process can further include
combining the plurality of observations based on the
weight. The process can additionally include identifying
a physiological signal based on the combined observa-
tions.
[0005] A non-transitory computer-readable medium
can, in certain embodiments, be encoded with instruc-
tions that, when executed in hardware, perform a proc-
ess. The process can include obtaining a plurality of ob-
servations of a target volume. The process can also in-
clude determining a weight for each observation of the
plurality of observations of the volume. The weight can

be based on a change in phasor characteristics of the
observation. The process can further include combining
the plurality of observations based on the weight. The
process can additionally include identifying a physiolog-
ical signal based on the combined observations.

BRIEF DESCRIPTION OF THE DRAWINGS:

[0006] For proper understanding of the present disclo-
sure, reference should be made to the accompanying
drawings, wherein:

Figure 1 illustrates a plot of observations of a small
robot including an I/Q plot and PSD plot.
Figure 2 illustrates a plot of observations of a tower
fan, including an I/Q plot and PSD plot.
Figure 3 illustrates a method according to certain
embodiments.
Figure 4 illustrates a system according to certain em-
bodiments.

DETAILED DESCRIPTION:

[0007] Combining various replicas of digitally modulat-
ed signals based on signal to noise ratio (SNR) has been
studied. These digitally modulated signals include, for
example, quaternary phase shift keyed (QPSK). Howev-
er, the measurement respiration and heart-beat using
radar conventionally involves analog modulated signals,
such as frequency modulated (FM) signals. Unlike digital
modulation, analog-modulated signals do not have a very
well defined signature, because there are no "0" and "1"
but a continuum of values and because respiration and
heart-beat are physiological signals and vary significantly
from person to person. For these reasons, the traditional
definition of SNR based on the signal’s power-spectral
density (PSD) does not extend to these analog signals.
[0008] Notwithstanding these limitations, respiration
and heart-beat signals have some structure in the phasor
domain that can distinguish these physiological signals
from other interference. Non-contact vital sign monitoring
can be performed on physiological signals such as res-
piration rate and heart rate. Monitoring using Doppler ra-
dar can be done using a continuous-wave (CW) Doppler
radar, equipped with one receiving antenna and one
transmitting antenna, single input single output (SISO).
In such an approach the system observes the radio wave
reflected by the object(s) in a certain area.
[0009] Accordingly, certain embodiments may en-
hance the detection and monitoring of analog signals,
such as physiological signals, including respiration and
heartbeat signals, for example. Certain embodiments
may apply a signal to noise ratio (SNR) metric to combine
multiple observations to enhance the robustness and re-
liability of the results. Furthermore, certain embodiments
may apply the SNR metric to reject interference that may
resemble the physiological signals.
[0010] Certain embodiments may rely on pulsed radar
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rather than continuous wave (CW) radar. Moreover, cer-
tain embodiments may provide a method of signal com-
bining in the presence of interference for pulsed radar.
The interference may resemble respiration and heartbeat
in power spectral density (PSD) based SNR. The method
of certain embodiments may identify that various replicas
have specific phase relationship among them and these
replicas have specific structure, such as expected arc
length.
[0011] Certain embodiments may involve several pos-
sible upgrades. For example, certain embodiments may
use several antennas, multiple-input multiple-output (MI-
MO) and apply beam-forming technique to distinguish
radio waves from different direction-of-arrival (DOA).
Moreover, certain embodiments may replace CW radar
by ultra-wideband (UWB) radar to distinguish radio
waves reflected by targets at different distances.
[0012] Such upgrades may reduce system noise, es-
pecially in complex environments like offices and bed-
rooms, where there are many objects beside the per-
son(s) being monitored, and where multipath effect may
exist.
[0013] While the target may be at a predetermined lo-
cation or the location of the target may be estimated
based on signal power, in many cases the subject being
monitored may not have a constant position. Thus, esti-
mation of target location may be important. Also, for UWB
radar or MIMO radar, target movement information may
be contained in a certain area instead of a single point.
For example, breathing information may be contained in
almost the entire torso, and a heartbeat signal may be
observable almost over the entire chest.
[0014] Certain embodiments provide a way to combine
signals observed at a range of distance bins or direction-
of-arrival (DOA) groups. This combination can increase
the signal power, and make the system more robust. For
example, such combination may help against ambient
noise caused by a vibrating fan or similar moving objects
that may exist in the environment.
[0015] The basic idea behind Doppler radar is that the
radar transmits an electromagnetic wave, listens to the
signal reflected from the target (echo), and determines
information of the target including distance, moving
speed, and so on. There are several kinds of Doppler
radar: CW, UWB, and frequency modulated continuous
wave (FMCW). CW radar keeps transmitting a narrow-
band continuous wave and listening to the echo all the
time. UWB radar transmits a very short pulse every now
and then and listens to the echo for each pulse. FMCW
transmits a continuous wave whose carrier frequency
shifts following some patterns. These descriptions may
be understood as high-level summaries of typical char-
acteristics of examples of Doppler radar, which should
not be taken as limiting.
[0016] Each radar may have its own advantages and
disadvantages. For example, CW radar is simple and
sensitive, yet vulnerable to environmental noise and can-
not do multi-target monitoring. UWB radar is probably

the least sensitive due to its bandwidth, yet it is robust
against environmental noise and can do multi-target
monitoring. FMCW radar can be viewed as a compromise
between CW and UWB, it has some ability to do multi-
target monitoring, and is still relatively sensitive.
[0017] However, unless the subject and the radar are
in a clean environment, wave reflection from the environ-
ment may interfere with the radar system’s observation.
A MIMO system has the ability of distinguishing signals
coming from different directions of arrival (DOA), and
UWB radar has the ability of distinguish signals reflected
from different distances.
[0018] In a MIMO system, observing signals from cer-
tain directions can be done using MIMO beam-forming
or DOA estimation. In UWB radar, monitoring a target at
certain distance can be equivalent to range bin selection.
[0019] The human chest can be viewed as a relatively
large structure. For example, chest wall movement infor-
mation can be contained at a range of angles and in a
range of bins. For example, a person to be observed may
have a torso about 0.5 meters wide and 0.5 meters high.
An UWB radar like XeThru available from Novelda AS of
Norway, may have bins that sample at about 1 cm incre-
ment. Thus, more than 50 bins may contain information
about respiration and heartbeat. Because the torso
movement caused by respiration and heartbeat may be
mostly or roughly synchronous, the same movement can
be observable over these bins.
[0020] When a periodic subtle movement like a breath-
ing pattern is being observed, the received signal on a
radar system’s in-phase and quadrature channel (I/Q
channel) can form an arc of a circle, with a center phase
determined by the distance between radar and subject.
As respiration movement typically has the amplitude of
b = 0.5 mm or less, the arc length of the I/Q plot can be

 which may be quite small. In this equation, λ refers

to the wavelength of the electromagnetic wave, which
equals the speed of light in air, c, divided by the center

frequency, f, of the wave, such that  Since dif-

ferent UWB bins are observing the part of subject on
different distances, the center phase of signals on differ-
ent bins can be aligned. Then, the aligned signals from
the observations can be summed using, a combining
function, such as the maximum-ratio-combining (MRC)
based on their SNR - signal power / arc fitting error.
[0021] Phase shift can be calculated based on wave-
length and distance. For example, when using UWB ra-
dar, bin 1 and bin 2 may be observing distances d1 and
d2, respectively. Because the wave travels to the target
and gets reflected, the total traveling distance of these
two bins can be 2*d1 and 2*d2, respectively. The phase
difference in radians between these two bins is then

 or  This can be the equa-
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tion for a monostatic embodiment, but in a bistatic em-
bodiment, the total traveling distance may be different
from this example, as the receiver may not be collocated
with the transmitter.
[0022] For other subjects like electrical appliances and
moving curtains, the observation will be very different
from the arc of a circle with a small arc length, which is
found across multiple bins. For example, the I/Q plot of
unwanted signals is unlikely to be an arc with low SNR,
the movement on nearby bins is usually not synchronous
due to object size or complex movement pattern; and the
movement amplitude may be much larger than respira-
tion signal, meaning the arc can be too long. These three
characteristics can be used to determine if an object is
a static person or noisy ambient movement.
[0023] Obtaining observations of a target volume as
referred to herein may include transmitting radar pulses
and receiving reflections of those radar pulses within pre-
determined windows. For example, a UWB radar can be
used to obtain observations of a target volume.
[0024] Determining weights for observations as re-
ferred to herein may include calculating a value to be
applied to the observation so that the observation can be
effectively combined with other observations. The weight
can be based on a change in phasor characteristics of
the observation. For example, the weight of observations
can be determined based on fitting a phasor distribution
of the observations to an arc. Both the radius of the re-
sulting arc and the arc-fitting error can be taken into ac-
count when weighting the observations. The weighting
can also take into account whether a signal being sought
is a heartbeat, a respiratory rate, or some other signal.
Weighting can also be used to normalize the observa-
tions.
[0025] Combining observations as referred to herein
may include associating the observations based on the
weight assigned to each observation. Thus, the obser-
vations can be combined with one another after being
processed. The processing can also include applying a
phase offset to one or more of the observations.
[0026] Identifying physiological signals as used herein
may include determining that a signal found in the com-
bined observations is a physiological signal, such as a
respiratory or vascular signal. The identification can in-
volve a comparison to a threshold, such that if a signal
being evaluated has at least some minimum similarities
to a physiological signal it is determined to be a physio-
logical signal. More particularly, the identifying can in-
volve distinguishing a heartbeat signal from a respiratory
signal. For example, in certain cases a respiratory signal
may first be identified and then the respiratory signal may
be filtered from the overall signal and then a heartbeat
signal may be identified from the filtered signal. This may
be done in a target volume that is associated with both
the heartbeat signal and the respiratory signal.
[0027] The identification can be based on the length
of the arc to which the observations are fit. Also, the iden-
tification can be based on the spatial distribution of the

physiological signal. For example, an excessively long
arc or an excessively small spatial distribution may sug-
gest that the signal is an environmental or other noise
signal.
[0028] Figure 1 illustrates a plot of observations of a
small robot including an I/Q plot and PSD plot. As can
be seen from Figure 1, the trajectory of the small robot
observations has the shape of an "8" instead of the shape
of an arc. Thus, the arc fitting error is large and SNR is
very small. Additionally, because the object is much
smaller than the torso of a person, the detected move-
ment exists only in a small range of bins.
[0029] Figure 2 illustrates a plot of observations of a
tower fan, including an I/Q plot and PSD plot. The tower
fan may have two sources of motion: rotation of the fan
blades and rotation of the tower itself about its axis. Once
again, as can be seen from Figure 2, the trajectory of the
observations is quite different from an arc. Thus, the arc
fitting error is large and SNR is very small. Additionally,
the movement is much larger than an expected respira-
tion pattern, such that even when the detected movement
is fit to an arc, the arc length is too long.
[0030] Figure 3 illustrates a method according to cer-
tain embodiments. As shown in Figure 3, a method can
include, at 310, obtaining a plurality of observations of a
target volume. These observations can be obtained using
a radar system, such as a UWB radar system. The ob-
servations can be multiple measurements of a single sub-
volume of the volume over a length of time. The obser-
vations can also include similar multiple measurements
over other sub-volumes of the volume over the same
length of time. Thus, for example, a single observation
may correspond to a multiple measurements.
[0031] The method can also include, at 320, determin-
ing a weight for each observation of the plurality of ob-
servations of the volume. The weight can be based on a
change in phasor characteristics of the observation. The
weight can be determined based on fitting a phasor dis-
tribution of the observations to an arc. For example, the
weight can be determined based on a radius of the arc.
The weight can also or additionally be determined based
on arc-fitting error of the arc. The weighting can take into
consideration whether a desired signal is respiratory or
cardiovascular. In certain embodiments, both kinds of
signals can be separately detected for a particular living
organism, such as a human.
[0032] The method can also include, at 321, identifying
a target from the plurality of observations based on the
length of the arc. For example, the target can be identified
as a human if the length of the arc corresponds to a range
of arc lengths associated with human respiration or car-
diovascular activity. Alternatively, the target can be re-
jected as human if the length of the arc is too long. Sim-
ilarly, the signal can be identified or rejected as a phys-
iological signal based on these same criteria.
[0033] The method can further include, at 323, identi-
fying a target from the plurality of observations based on
the spatial distribution of the physiological signal. For ex-
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ample, the target can be identified as human if a signal
exists approximately in synchronization across a volume
corresponding to the human torso in the case of a respi-
ratory signal or a human chest in the case of a cardio-
vascular signal. As human sizes may vary, a range of
volumes may be accepted for example using a statistical
distribution of human torso or chest sizes and selecting
volumes falling within three or six standard deviations
the average torso or chest size. If the system is trying to
identify a particular person, the range could be selected
with greater specificity.
[0034] The SNR measurement using the phasor ap-
proach may require estimating the parameters of the cir-
cle or arc that would best fit a set of observation data-
points and then calculating the errors for these points to
the fitted arc.
[0035] Having a strong frequency component in the
respiration band (for example, 0.1Hz to 0.5Hz) of the PSD
could be due to some other source. One way to tell if this
belongs to respiration is if over the period of measure-
ment for example, a minute, the points on the phasor
space oscillate between the two ends of the associated
arc for the same measurement period.
[0036] Similarly, a strong frequency component in the
pulse band (for example, 20 bpm to 220 bpm) may be
due to some other source. As with a respiration signal,
a heartbeat signal can be evaluated over time to see if
the points on the phasor space oscillate between the two
ends of the associated arc for the same measurement
period.
[0037] The method can further include, at 330, com-
bining the plurality of observations based on the weight.
At 322, the method can also include normalizing the
weighted observations prior to combining the weighted
observations. The method can also include, at 324, ap-
plying a phase offset to the observations or weighted
observations prior to combining the weighted observa-
tions.
[0038] The method can further include, at 326, mitigat-
ing interference in the observation prior to combining the
weighted observations. For example, interference can
be identified as corresponding to a simple mechanical
source of motion, such as a fan or the like. The mitigating
interference can include, at 327, comparing the phasor
characteristics of the observation to a model of interfer-
ence and, at 328, subtracting interference when the mod-
eled interference is determined to be present. The model
of interference may be, for example, a shape based on
a previously identified source of interference, such as a
small robot or fan.
[0039] The method can additionally include, at 340,
identifying a physiological signal based on the combined
observations. The physiological signal can be a heart-
beat or respiration signal, for example. The identifying
can include simply identifying presence or absence of
the signal, or identifying a particular value of the signal.
The identifying can include, at 342, distinguishing a heart-
beat signal from a respiratory signal in an area associated

with both the heartbeat signal and the respiratory signal.
In certain embodiments, an identified respiration signal
can be subtracted as though it were noise and the result-
ing signal can then be evaluated for a heartbeat signal.
[0040] The method can also include, at 350, reporting
a value of the physiological signal. The reporting the val-
ue can involve outputting the value electronically to a
local or remote device or outputting the value visually to
a user of a local or remote device.
[0041] Figure 4 illustrates a system according to cer-
tain embodiments of the present disclosure. It should be
understood that each block of the flowchart of Figure 3
may be implemented by various means or their combi-
nations, such as hardware, software, firmware, one or
more processors and/or circuitry. In one embodiment, a
system may include several devices, such as, for exam-
ple, network element 410 and user equipment (UE) or
user device 420. The system may include more than one
UE 420 and more than one network element 410, al-
though only one of each is shown for the purposes of
illustration. A network element can be a server, remote
user terminal, or other device. The UE 420 can be a local
device. The two devices 410 and 420 can be configured
to work together, for example to perform telemedicine or
other services.
[0042] Each of these devices may include at least one
processor or control unit or module, respectively indicat-
ed as 414 and 424. At least one memory may be provided
in each device, and indicated as 415 and 425, respec-
tively. The memory may include computer program in-
structions or computer code contained therein, for exam-
ple for carrying out the embodiments described above.
One or more transceiver 416 and 426 may be provided,
and each device may also include an antenna, respec-
tively illustrated as 417 and 427. Although only one an-
tenna each is shown, many antennas and multiple an-
tenna elements may be provided to each of the devices.
For example, the UE 420 may be equipped with a MIMO
configuration of antennas to provide directional sensing.
The transceiver 426 of the UE may include circuitry con-
figured to operate as a UWB radar in combination with
antenna 427. Other configurations of these devices, for
example, may be provided. For example, network ele-
ment 410 and UE 420 may be additionally configured for
wired communication, in addition to wireless communi-
cation, and in such a case antennas 417 and 427 may
illustrate any form of communication hardware, without
being limited to merely an antenna.
[0043] Transceivers 416 and 426 may each, independ-
ently, be a transmitter, a receiver, or both a transmitter
and a receiver, or a unit or device that may be configured
both for transmission and reception. The transmitter
and/or receiver (as far as radio parts are concerned) may
also be implemented as a remote radio head which is
not located in the device itself, but in a mast or peripheral
wand, for example. One or more functionalities may also
be implemented as a virtual application that is provided
as software that can run on a server.
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[0044] A user device or user equipment 420 may be a
mobile station (MS) such as a mobile phone or smart
phone or multimedia device, a computer, such as a tablet,
provided with wireless communication capabilities, per-
sonal data or digital assistant (PDA) provided with wire-
less communication capabilities, vehicle, portable media
player, digital camera, pocket video camera, navigation
unit provided with wireless communication capabilities
or any combinations thereof. The user device or user
equipment 420 may be a sensor or smart meter, or other
device that may usually be configured for a single loca-
tion.
[0045] In an exemplifying embodiment, an apparatus,
such as a node or user device, may include means for
carrying out embodiments described above in relation to
Figure 3.
[0046] Processors 414 and 424 may be embodied by
any computational or data processing device, such as a
central processing unit (CPU), digital signal processor
(DSP), application specific integrated circuit (ASIC), pro-
grammable logic devices (PLDs), field programmable
gate arrays (FPGAs), digitally enhanced circuits, or com-
parable device or a combination thereof. The processors
may be implemented as a single controller, or a plurality
of controllers or processors. Additionally, the processors
may be implemented as a pool of processors in a local
configuration, in a cloud configuration, or in a combina-
tion thereof. The term circuitry may refer to one or more
electric or electronic circuits. The term processor may
refer to circuitry, such as logic circuitry, that responds to
and processes instructions that drive a computer.
[0047] For firmware or software, the implementation
may include modules or units of at least one chip set
(e.g., procedures, functions, and so on). Memories 415
and 425 may independently be any suitable storage de-
vice, such as a non-transitory computer-readable medi-
um. A hard disk drive (HDD), random access memory
(RAM), flash memory, or other suitable memory may be
used. The memories may be combined on a single inte-
grated circuit as the processor, or may be separate there-
from. Furthermore, the computer program instructions
may be stored in the memory and which may be proc-
essed by the processors can be any suitable form of com-
puter program code, for example, a compiled or inter-
preted computer program written in any suitable pro-
gramming language. The memory or data storage entity
is typically internal but may also be external or a combi-
nation thereof, such as in the case when additional mem-
ory capacity is obtained from a service provider. The
memory may be fixed or removable.
[0048] The memory and the computer program instruc-
tions may be configured, with the processor for the par-
ticular device, to cause a hardware apparatus such as
network element 410 and/or UE 420, to perform any of
the processes described above (see, for example, Figure
3). Therefore, in certain embodiments, a non-transitory
computer-readable medium may be encoded with com-
puter instructions or one or more computer program

(such as added or updated software routine, applet or
macro) that, when executed in hardware, may perform a
process such as one of the processes described herein.
Computer programs may be coded by a programming
language, which may be a high-level programming lan-
guage, such as objective-C, C, C++, C#, Java, etc., or a
low-level programming language, such as a machine lan-
guage, or assembler. Alternatively, certain embodiments
of the present disclosure may be performed entirely in
hardware.
[0049] Furthermore, although Figure 4 illustrates a
system including a network element 410 and a UE 420,
embodiments of the present disclosure may be applica-
ble to other configurations, and configurations involving
additional elements, as illustrated and discussed herein.
For example, multiple user equipment devices and mul-
tiple network elements may be present, or other nodes
providing similar functionality.
[0050] Additionally different radar types are permitted,
such as both monostatic and bistatic radar systems. In
a monostatic radar system both the transmitter and re-
ceiver may be collocated and may optionally use the
same antenna for both transmitting and receiving. In a
bistatic system the receiver may be spatially separated
from the transmitter. Various embodiments can be ap-
plied to each of these example radar types.
[0051] Certain embodiments may have various bene-
fits and/or advantages. For example, certain embodi-
ments provide for the simultaneous use of SNR meas-
ured in phasor space for two things: to identify suitable
spatial bins for combination, and determining the weights
used for each bin in the combination function. More gen-
erally, certain embodiments can provide for the combi-
nation of different bins in order to achieve better signal
quality.
[0052] One having ordinary skill in the art will readily
understand that the present disclosure as discussed
above may be practiced with steps in a different order,
and/or with hardware elements in configurations which
are different than those which are disclosed. Therefore,
although the present disclosure has been described
based upon these preferred embodiments, it would be
apparent to those of skill in the art that certain modifica-
tions, variations, and alternative constructions would be
apparent, while remaining within the spirit and scope of
the present disclosure.

Claims

1. A method, comprising:

obtaining a plurality of observations of a target
volume;
determining a weight for each observation of the
plurality of observations of the volume, wherein
the weight is based on a change in phasor char-
acteristics of the observation;
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combining the plurality of observations based
on the weight; and
identifying a physiological signal based on the
combined observations.

2. The method of claim 1, wherein the identifying com-
prises distinguishing a heartbeat signal from a res-
piratory signal in an area associated with both the
heartbeat signal and the respiratory signal.

3. The method of claim 1 or claim 2, wherein the weight
is determined based on fitting a phasor distribution
of the observations to an arc.

4. The method of claim 3, wherein the weight is deter-
mined based on a radius of the arc.

5. The method of claim 3 or claim 4, wherein the weight
is determined based on arc-fitting error of the arc.

6. The method of any of claims 3 through 5, wherein
the weighting takes into consideration whether a de-
sired signal is respiratory or cardiovascular.

7. The method of any of claims 3 through 6, further
comprising:

identifying a target from the plurality of observa-
tions based on the length of the arc.

8. The method of any of claims 1 through 7, further
comprising:

identifying a target from the plurality of observa-
tions based on the spatial distribution of the
physiological signal.

9. The method of any of claims 1 through 8, further
comprising:

normalizing the weighted observations prior to
combining the weighted observations.

10. The method of any of claims 1 through 9, further
comprising:

applying a phase offset to the observations or
weighted observations prior to combining the
weighted observations.

11. The method of any of claims 1 through 10, further
comprising:

mitigating interference in the observation prior
to combining the weighted observations.

12. The method of claim 11, wherein the mitigating in-
terference comprises comparing the phasor charac-

teristics of the observation to a model of interference
and subtracting interference when the modeled in-
terference is determined to be present.

13. An apparatus, comprising:

at least one processor; and
at least one memory including computer pro-
gram code,
wherein the at least one memory and the com-
puter program code are configured to, with the
at least one processor, cause the apparatus at
least to perform a process, the process compris-
ing the method according to any of claims 1-12.

14. A computer program product encoding instructions
for performing a process, the process comprising the
method according to any of claims 1-12.

15. A non-transitory computer-readable medium encod-
ed with instructions that, when executed in hardware,
perform a process, the process comprising the meth-
od according to any of claims 1-12.
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