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(57) Abstract: Embodiments of the
present disclosure provide methods, ap-
paratuses, devices and systems for
measuring vital signs in human and an-
imals by interrogating electromagnetic
signals reflected from tissues in a hu-
man or animal subject. Probes may
transmit radio frequency electromagnet-
ic waves into a living body and gener-
ate signals responsively to the waves
that are scattered from within the body.

Such embodiments may be suitable for

wearable devices as well as for use by
medical practitioners.
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LCxamples of use cases corresponding to some embodiments of the Vizal Signs Radar and Dielectrameter (VSRD) system to measure vital signs.
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MONITORING AND DIAGNOSTICS SYSTEMS AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS

[01] This application claims priority under 35 USC § 119 to: United States Provisional
Patent Application serial no. 62/047,534, filed September 8, 2014, entitled “Monitoring and
Diagnostics Systems and Methods,” the entire contents of which are herein incorporated by

reference.
FIELD OF THE DISCLOSURE

[02] Radio-frequency (RF) electromagnetic radiation has been used for diagnostics and
imaging purposes of body tissues. For example, RF electromagnetic waves may be
transmitted into a living body and generate signals responsively to the waves that are
scattered from within the body. Analysis of the received signals allow for the monitoring of

the various tissues within the living body.
SUMMARY OF SOME OF THE EMBODIMENTS

{#3] Embodiments of the present disclosure provide methods, apparatuses, devices and
systems for measuring vital signs of a subject, comprising a probe, at least one circuit and a
processor having computer instructions operating thereon. In some embodiments, the probe is
configured to be placed on or adjacent to skin of a subject, and generate one or more first
radio-frequency (RF) waves for transroission towards a tissue and receive reflected RF waves
therefrom. In some embodiments, the at least one circuit is configured to cause the probe to
generate the first RF waves, and generate at least one signal corresponding to one or more of
the reflected RF waves received by the probe. In some embodiments, the one or more first RF
waves include one or more first characteristics, the one or more reflected RF waves include
one or more second characteristics and the at least one signal inchudes information
corresponding to at least one of the one or more second characteristics. Further, in some
embodiments, the computer instructions are configured to cause the processor to determine at
least one vital sign of the subject based upon one or more of the second characteristics and/or
the difference between one or more of the second characteristics and one or more of the first

characteristics of one or more of the reflected RF waves.
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{64] In some embodiments, the probe can comprise a monostatic radar, a bistatic radar,
and/or a dielectrometer comprising a first conductor and a second conductor. The probe may
be configured with flexibility for conforming the probe to the skin of the subject, and may
also be configured to be placed on or adjacent to the skin of the subject via a wearable device
or garment or an adhesive, or, an implantable device configured to be placed in proximity to
the tissue. In some erobodirnents, the wearable garment comprises at least one of an article of

clothing, a collar, a wrist strap, an ear tag, and a skin patch.

[05] In some embodiments, the one or more first RF waves comprise stepped-frequency
RF waves, continuous-frequency RF wave, and/or the like. Further, the at least one circuit is
configured to cause the probe to generate the first RF waves and to receive the reflected RF
wave at a plurality of frequencies, wherein the plurality of frequencies can range from about

200MHz to about 3GHz.

[06] In some embodiments, the processor’s computer instructions are further configured to
cause the processor to resolve the at least one signal and/or the received reflected RF waves
according to one or more depths into the subject from which one or more of the reflected RF
waves occurred. Further, the computer instructions are configured to cause the processor to
condition the at least one signal and/or the received, reflected RF waves using band pass
filtering. In some embodiments, the probe may be placed in proximity to an artery, and the
computer instructions are further configured to cause the processor to determine a time rate of
occurrence of prominent peaks in a pulse waveform of the at least one signal and/or the
received, reflected RF waves, and wherein the time rate corresponds to a heart rate of the
subject. In such embodiments, the computer instructions can also be configured to cause the
processor to identify a prominent peak frequency in a frequency range relevant to heartbeats
of the subject from a power spectrum density of the at least one signal and/or the received,
reflected RF waves. For example, the frequency range for the at least one signal and/or one or
more first RF waves may correspond to between 0.5Hz to 2.5Hz. In some embodiments, the
computer instructions are further configured to cause the processor to determine a heart rate

of the subject as a function of the peak frequency.

[07] In some embodiments, the probe can be placed at least in proximity to a torso of the
subject, and the computer instructions are further configured to cause the processor to
identify a prominent peak frequency in a frequency range of the received, reflected RF waves
corresponding to respirations of the subject from a fast Fourier transform of the returned

signal. For example, the frequency range can be between 0.1Hz to 1Hz. In some
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embodiments, the computer instructions are further configured to cause the processor to

determine a respiration rate of the subject as a function of the peak frequency.

[08] In some embodiments, the probe can be placed at least in proximity to a torso of the
subject, and the computer instructions can be further configured to cause the processor to
identify a prominent peak frequency in a frequency range of the received, reflected RF waves
corresponding to respirations of the subject from a fast Fourier transform of the returned
signal. For example, the frequency range can be between 0.1Hz to 1Hz. In some
embodiments, the computer instructions are further configured to cause the processor to

determine a respiration rate of the subject as a function of the peak frequency.

[09] In some embodiments, the at least one signal and/or the received, reflected RF waves
correspond to reflections from at least two different arterial tree locations of arteries of the
subiect, and the computer instructions can be further configured to cause the processor to:
determine an arterial-pulse-arrival-time (PAT) at each of the two different arterial tree
locations, and calculate a difference between the PAT at the two locations so as to determne
an arterial-pulse-travel-time (PTT). In some embodiments, the at least one signal and/or the
received, reflected one or more RF waves correspond to form at feast two different arterial
tree locations of arteries of the subject, and the computer instructions are further configured
to cause the processor to: determine arteriai-pulse-arrival-timme (PAT) at cach of the two
different arterial tree locations, and calculate a difference between the PAT at the two
focations s0 as to determine an arterial-pulse-travel-time (PTT). In some embodiments, the
probe comprises a first sensor and a second sensor, the first sensor configured for receiving a
first reflected RF wave from z first arterial tree location and the second sensor configured for
receiving a second reflected RF wave from a second arterial tree location, the computer
instructions are further configured to cause the processor to determine arterial-pulse-arrival-
fime {PA'T) at cach location, and calculate a difference between the PAT at the two Jocations

50 as to determine an arterial-pulse-travel-time (PTT).

{16} In any of the above embodiments, the two arterial tree locations may comprise
different locations on same arterial tree, locations on different arterial trees on same area of
the body of a patient, locations on arterial frees on differcut arcas of the body of a patient,
and/or the like. Further, the computer instructions can be configured to cause the processor to

determine a blood pressure of the subject as a function of the PTT.
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[11] In some embodiments, the probe comprises a dielectrometer comprising a first
conductor and a second conductor; and the computer instructions can be further configured to
cause the processor to calculate a complex permittivity from the at least one signal and/or one
or more of the received, reflected RF waves by measuring an impedance between the first

conductor and the second conductor.
BRIEF DESCRIPTION OF THE DRAWINGS

[12] Figure 1 shows examples of use cases corresponding to some embodiments of the
Vital Signs Radar and Dielectrometer (VSRD) systems to measure vital signs, in one

embodiment of the VSRD.

[13] Figure 2 shows an example of the electrical components comprised in one

embodiment of the VSRD sensor.

[14] Figure 3 shows example embodiments of the VSRD sensors, a human and an animal

subject wearing the sensor.

[15] Figure 4 shows an example method to perform a heart rate calculation in one

embodiment of the VSRD system.

[16] Figures 5A-B show example heart rate measurements of a subject taken with the

VSDR sensor, in one embodiment of the VSRD system.

[17] Figure 6 shows examples of measurements taken with the VSDR sensor: blood pulse
wave (shown next to an electrocardiogram for reference), in one embodiment of the VSRD

system.

[18] Figure 7 shows an example method to calculate pulse pressure based on systolic and

diastolic blood pressure points, in one embodiment of the VSRD system.

[19] Figure 8 an example method performed by the VSRD process to calculate a subject’s

heart rate, in one embodiment of the VSRD system.

DETAILED DESCRIPTION OF SOME OF THE EMBODIMENTS

[20] Embodiments of the present disclosure provide methods, apparatuses, devices and
systems, for measuring humans and animals’ vital signs utilizing a miniature medical RF
sensor or transceiver and/or a dielectrometer. The vital signs of humans and animals alike

that can be monitored include, but are not limited to, blood pressure, heart and respiration
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rates. Some of these embodiments may further include the monitoring of body temperature.
For example, a temperature sensor incorporated in the apparatuses, devices and systems may
be used to acquire a body temperature reading. In addition, the disclosed embodiments can
provide means to detect muscle movements. In some instances, analysis of the monitored
vital signs and/or the detected muscle movements may allow for the determination of the
state, activity or behavior of the monitored animal or human. For example, by monitoring the
muscle neck movements of cattle, one may determine that an animal is regurgitating. As
another example, based on the vital signs readings (e.g., heart rate, body temperature, etc.)
and/or muscle movement detection, embodiments of the present disclosure allow for
determining the physical/physiological state of the animal or human body (e.g., active,

stressed, fed, etc.).

[21]  Such embodiments of the present disclosure may be suitable for implementation as
skin patches, ear tags, and/or may be integrated with wearable devices, embedded in clothing,
mounted on a limb (e.g., wrist) or collar strap, and/or the like wearable embodiments. Other
embodiments may comprise subcutancous implements. In some embodiments, the apparatus
or device is portable and is not physically tethered to other devices. Additionally, some
embodiments may comprise an accelerometer or other movement sensor to determine the
state of motion of the subject when a measurement is to be or being taken. For example, the
device may be sensitive to motion, and the reliability of the measurements by the device may
depend on the device’s state of motion when the measurements are being taken. In some
embodiments, an accelerometer (e.g., three-axial) may accompany the device, and the RF
measurements may be calibrated based on the readings of the accelerometer (e.g.,
measurements may be conditioned or calibrated for low acceleration). In some embodiments,
measurements may not take place or, if taken, the results may be discounted, if the readings

show unacceptable state of motion (e.g., the measurements may not be accurate or reliable).

[22] In some embodiments, the sensor is nonintrusive with respect to a subject and can
read the subject’s vital signs and other indications without requiring active intervention (from
the subject or another), such vital signs and indications including heart rate, respiration rate,
blood pressure, body temperature and/or RF-tonometry. Moreover, in some embodiments, the
sensor can work directly over a subject’s skin (e.g., with and without skin adhesives),
clothing, fur and/or the like. The ease of use of the disclosed methods, apparatuses, devices
and systems facilitates the monitoring of large numbers of subjects as is the case, for

example, with livestock. For example, ear tags and neck collars comprising the disclosed RF
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sensor and/or dielectrometer can be used to measure the various physiological conditions and
health state (e.g., vital signs, muscle movements, etc.) of large number of cattle, easing the

difficulties presented when monitoring a large number of subjects.

[23] In some of the embodiments of the present disclosure, apparatus, device and/or
system configured to determine at least one of a subject’s heart rate, respiration rate, blood
pressure and body temperature are provided. In some embodiments, a sensor coupled to a
subject’s body may transmit radio frequency (RF) waves into the body tissue and receive
reflected waves from the tissue. In one embodiment, the sensor can achieve range (depth)
resolution allowing for the isolation of the reflections from the desired depth in the subject’s
body from other concurrent reflections or interferences. For example, based on an estimate of
the depths of arteries and muscles in the line of sight of the transmitted and/or reflected
signals, signals reflected from these tissues may be classified according to the reflecting
tissue. For example, a frequency shift in the reflected signal can be used to determine the
depths from which the reflections occurred, and knowledge of locations of tissues along the
signal path leads to the identification of the tissue. As such, this resolution of the reflected
signals allows for the proper identification of the tissue whose behavior is being monitored

for determining vital signs and muscle activities of the subject body.

[24] To determine the frequency shift of a reflected signal, in some embodiments, an
analysis of the phase changes with respect to the transmitted signal may be performed. For
example, a signal reflected from a distance d accrues a phase change proportional to the

distance d compared to the transmitted signal, i.e., the transmitted signal’s phase shifts to

. 2d . 1
e’ wit-%) compared to the transmitted signal’s e/“i*. The change in the phase, e /“i¢c,

which can be obtained after down conversion with e /®i¢, can be interpreted as a frequency
shift proportional to reflection distance d. Alternatively, the distance d can be determined
based on the time of arrival of the signal after reflection. In some embodiments, a Fourier
transform of the received signal may be performed to generate an image comprising

frequency information of the reflected signal.

[25] In some embodiments, the apparatus includes radar and/or a dielectrometric probe
configured to transmitting signals of varied waveforms. For example, the radar and/or
dielectrometric probe may transmit signals with continuous or stepped radio frequencies. In
some embodiments, the radio frequencies can range from about 200MHz to about 3GHz,

from about 200MHz to about 300MHz, from about 300MHz to about 1GHz, from about
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1GHz to about 2GHz, from about 2GHz to about 3GHz, and/or the like. In some
embodiments, a narrow band or a single frequency can be used for heart rate and respiration
rate measurements. For example, a narrow band frequency range of from about 0.9 GHz to
about 1GHz, 1 GHz to about 1.1 GHz, 1.1 GHz to about 1.2 GHz, ctc., and/or a single
frequency of about 0.9 GHz, 1 GHz, 1.1 GHz, etc., can be used in monitoring heart and

respiration rates of a human or animal subject.

[26] In some embodiments, the sensor can be attached to a subject’s body by a plurality of
further embodiments, including but not limited to, skin patches enhanced with skin-friendly
adhesive, pieces of clothing with the sensor embedded thereon (e.g., stockings, shirts, etc.),
utilizing a wearable strap or collar, wrist based wears, an ear tag (e.g., for animals), a
subcutaneous implant and/or the like embodiments. In some instances, the sensor may be

configured with flexibility that allows the sensor o conform to the skin of the patient.

[27] In some embodiments, when the sensor is attached to a subject’s skin in proximity to
an artery, the sensor can measure the subject’s heart rate. In such embodiments, a plurality of
reflected radar signals is received by the sensor modulated by the different tissue layers,
positioned at different depths within the body. For example, the radar signals may be in the
form of stepped-frequency. These signals can be filtered to isolate the signal corresponding to
a subject’s prominent artery thus, detecting the artery’s modulation. For example, by
estimating the depth of the different tissue layers (arteries, muscles, etc.), , the signals
reflected by a respective tissue layer may be identified. Upon the identification of reflected
signals according to the reflecting tissue layer, the reflected signals may be analyzed to
determine properties or behaviors of the tissue layers. For example, the sensor can analyze
changes in amplitude from isolated signal reflected from an artery to determine the arterial
pulse wave and thenceforth calculate the subject’s heart rate, blood pressure, and/or the like.
For example, the rate of the prominent peaks appearing in the signal waveforms can be used
to calculate the heart rate. In some embodiments, “prominent peaks” refer to amplitude
values in the signal waveform that exceed other nearby amplitude values (as a function of

time, frequency, etc.).

[28] In some embodiments, RF signal reflected from within a subject’s body may be
analyzed to determine the depths from which the signals are reflected from. For example,
depths of tissues such as arteries, muscles, etc., may be estimated and a determination may be
made as to which tissue a reflected signal came from. In this manner, changes in the reflected

signal (for example, as they relate to the transmitted signal) may be analyzed to identify
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properties and/or behaviors of the reflecting tissue. For example, one may estimate the depth
of an artery, and identify or isolate the RF signal whose reflection depth at least substantially
matches the depth of the artery. This reflected wave then may be analyzed to obtain the
arterial pulse waveform of the reflecting artery. For example, the signal may be filtered to
enhance signal quality, examples of such filtering including low pass filtering to remove
noise artifacts. In some embodiments, one may identify some or all prominent peaks in the
filtered or unfiltered signals and estimate the rate of the peaks. For example, the time
separation between peaks may at least substantially correspond to the period (e.g., average) of
the heart rate of the subject being monitored. Alternatively, or in conjunction, in some
embodiments, one may calculate the power spectrum density (PSD) of the signal and estimate
from the PSD the frequency of the prominent peaks in the frequency range relevant to the

heart rate, which one may then ascribe to the heart rate.

[29] In some embodiments, when the sensor is attached to a subject’s torso, the reflected
signals can be modulated by a respiration cycle of the subject, i.e., the reflected signal may
contain signatures of the subject’s respiration, including the respiration rate. An analysis of
the reflected signal can then isolate the frequency of the respiration. For example, the sensor
can calculate the subject’s respiration rate form the sensor signals by collecting the reflected
signals received by the sensor, and performing a fast Fourier transformation (FFT) to the
signals to determine the peak frequencies in the FFT signals. In some embodiments, one may
identify a peak frequency in the respiration frequency range relevant to respirations of
subjects as the respiration rate of the subject. The frequency range may depend on a variety
of factors such as the subject’s state (e.g., active vs. passive), etc. In any case, the range may

be estimated and a peak in the range can then be ascribed to the respiration rate.

[30] In some embodiments, a subject’s blood pressure can be calculated from the arterial’s
pulse waveform detected by the sensor. For example, the sensor can estimate the depth of a
prominent artery and utilize the received reflected signals substantially corresponding to such
depth to obtain a signal corresponding to the arterial pulse waveform. In some embodiments,
the reflected signals are modulated by the artery as it changes its radar cross section (RCS).
In some embodiments, the pulse waveform signal can be substantially identical to a
tonometry signal. For example, the systolic and diastolic blood pressures can be determined
by assigning the maximum value of the pulse waveform and the minimum value of the pulse

waveform respectively to each pressure measurement.
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[31] In some embodiments, a plurality of sensors may be used to determine blood pressure
measurements. For example, a pair of RF sensors may be located over two respective arteries
along an arterial tree, and the time difference between pulse wave arrivals at the two locations
may be measured by the sensors. The pulse wave velocity (PWV), corresponding to the
velocity of propagation of the arterial pressure pulse between points along the arterial tree,
and/or the pulse transit time (PTT), corresponding to the transit time, may be determined
from the measurements of the sensors. The PWV and/or the PTT can be related to the blood
pressure, and as such, the blood pressure may be determined from these measurements. For
example, changes in the PTT can be correlated to blood pressure changes. The determination
of blood pressure measurements using clectromagnetic waves is discussed in PCT

Publication No. WO/2015/118544, incorporated herein by reference in its entirety.

[32] In some embodiments, the PTT at some point along the arterial tree (e.g., peripheral
location in the arterial system) may be represented as the difference between the arrival time
of the pulse at the point, the pulse arrival time (PAT), and the pre-ejection period (PEP), i.e.,
PTT = PAT — PEP. The PEP can be the lapse between the ventricular polarization and the
opening of the aortic valve, which corresponds to the time it takes for the myocardium to
raise sufficient pressure to open the aortic valve and start pushing blood out of the ventricle.
Upon determining or estimating the PTT, in some embodiments, the PWV may then be
calculated based on the distance the pulse traveled to arrive at the point and the
estimated/determined PTT. In some implementations, blood pressure values such as systolic
and/or diastolic values can be determined non-invasively from the PWV and/or the PTT. For
example, linear transformations relating the systolic blood pressure (SBP) and diastolic blood

pressure (DBP) to the PTT may be expressed as follow:
SBP = (a x PTT) + b,
DBP = (¢ x PTT) +d,

where the coefficients a, b, ¢ and d can be calibrated for cach patient. In some embodiments,
other types of transformations may be used to calculate blood pressures. For example, for a
model that assumes constant artery thickness and radius, blood pressure P may be expressed
as P=a x In(PTT) + b, where, again ¢ and b are constants to be calibrated for each patient. In
any case, in some embodiments, obtaining PTT, or conversely PWV of a pulse in an artery,

may lead to the determination of blood pressure levels in the artery.
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[33] In some embodiments, the PTT of the pulse can be determined if the times of arrival
of the pulse at two distinct locations can be measured. This follows because the PEP values
of the pulse that originated at the same ventricle but arrived at the two different locations is
the same, and accordingly, the difference in PAT for the two locations is the same as the
difference in PTT of the pulse at the two distinct locations. For example, two RF sensors
located at different locations on a body (e.g., the sternum and the thorax, two suitable
locations along the leg, etc. of a human subject) can be used to sense the pulse wave going
through arteries close to each RF sensor, and the difference in the times of arrival at the two

locations can represent and be used to determine the PTT.

[34] In some embodiments, the sensor comprises a dielectrometer probe configured to
measure the dielectric properties of the tissue, and dielectrometer probe may be used in
measuring the heart rate of a subject. For example, the dielectrometer can sense changes in
the dielectric properties induced by the blood flow in an artery when a sensor is attached to a
subject’s skin in proximity to the artery. The measurement of the dielectric properties of
physiological tissues is discussed in US/2013/0190646, incorporated herein by reference in

its entirety.

[35] In some embodiments, the sensor comprises a dielectrometric probe with a pair of
conductors, which can be attached to a subject’s skin in proximity to an artery. Thereafter, a
driving circuit applies a radio-frequency signal to the probe and senses a signal returned from
the probe in order to measure the impedance between the aforementioned conductors. The
impedance varies as a function of the dielectric propertics of the target tissue, e.g., the artery,
including the relative permittivity, the conductivity and the loss or dissipation factor, which
can be used to define the complex permittivity of the tissue. The driving circuit can apply the
radio-frequency signal to the probe at a plurality of frequencies, so that the complex
permittivity can be measured as a function of the frequency. A processing circuit may then
evaluate the dielectric properties of the target tissue and calculate the impedance. Following
the impedance calculation over frequency, an analysis of the signal can be carried out to

estimate the heart rate, respiratory rate and arterial pulse waveform.

[36] ina general material including loss and permittivity, iropedance 8 defined as follows:
w=rousy. Here o 15 the radial frequency, and g is the material permeability {which in the case
of a biological tissue can eoqual the free space permeabnility w=pg) v 18 the complex
propagation constand which can be defined as y=ja (€ VE-EN, wherein £ and £7 are the

real and imaginary parts of the complex pernittivity, and the imaginary part of the complex

10
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permitiivity i3 related o the conductivity via E™=g/mE. In some embodiments, the above
exprossions are thus used o relate the measured impedance, a3 a function of frequency, 1o the

complox permitiivity,

[37] The impedance between the conductors due to the farget tissue can be measured in a
number of ways. In some embodiments, the doiving cirowit measures the reflection of the
signal from the probe, which 1¢ mdicative of an bopedance misroatch at the target tissue at the
end of the probe. fo other croboduments, the driving civcuit measures the delay of the sigoal
transpitted through the probe, which s indicative of the permuttivity of the target tissue. In
other emboduments, the driving circuit measares a resonating frequency of a printed resonator
{such as a ring or other shaped circuit), which is indicative of the properhies of tissues in s
PROXIMItY.

[38] Using a dielectrometer, in some embodiments, one may measure the dielectric
properties of target tissues, and sample the output of the dielectrometer over time to obtain
the time dependence of the dielectric property. For example, the time dependence of the
permittivity of the target tissue €(t) may be determined from the sampled outputs of the
dielectrometer. In some embodiments, €(t) may be low pass filtered to remove noises, and
some or all prominent peaks of the permittivity may be detected. From the rate of the
prominent peaks, in some embodiments, the heart rate of the subject to which the sensor

comprising the dielectrometer is coupled may be determined.

[39] In some embodiments, the above procedure may be repeated with a plurality of
frequencies, and in such embodiments, the steps of i) sampling the dielectrometer output to
determine £(t), i) low-pass filtering the output/€(t) to remove noise, iii) detecting prominent
peaks from the signals in the frequency range of interest, and iv) determining the rate of the
prominent peaks in the desired range can be performed for each frequency, and those
frequencies that at least closely correspond to the periodicity of the heart rate may be used in

determining the heart rate of the subject.

[40] In some embodiments, the sensor comprises means to calibrate the amplitude of a
waveform using a reference blood measurement device. The systolic and diastolic blood
pressures can be determined by assigning the maximum value of the calibrated pulse
waveform and the minimum value of the calibrated pulse waveform respectively to each

measurement.

11
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[41] In some embodiments, the Vital Signs Radar and Dielectrometer (VSRD) sensor 112
utilizes an embedded radar to calculate measures of vital signs such as but not limited to
respiration rate, blood pressure, heart rate, and/or body temperature. Heart rate measurements
can additionally or alternatively be measured with an embedded dielectrometer. Examples of
use cases corresponding to some embodiments of the (VSRD) sensor to measure vital signs
are shown in Figure 1. In some embodiments, a patient 101 has a sensor attached to his chest
in direct proximity to one of his arteries. The sensor 112 can continuously collect vital signs
data and send it through a network access point to a VSRD server 104 via a monitoring
packet e.g., 105. In some embodiments, the telemetry communications can be performed via
Bluetooth, Wi-Fi, cellular and the like wircless interfaces. Thereafter, a request to view the
subjects vital signs e.g., 106 and 109 can be received from a physician’s or from the patient’s
mobile device e.g., smart phone 103. In another embodiment, the request to view the human
or animal vital signs e.g., 106 and 109 can be received from a physician’s or from the
patient’s computer station e.g., 102. After receiving a vital signs request e.g., 106 and 109,

the VSRD server 107 computes the requested signs.

[42] In some embodiments, the described telemetry can be performed according to a
predetermined scheduled regime for example, once a week, day, hour and/or other
predetermined time units. In some embodiments, a VSRD can comprise a plurality of sensors
including but not limited to an accelerometer, gyros, compass, temperature sensors, proximity
detectors, and/or the like sensors. For example, in some embodiments of the VSRD, an
embedded accelerometer can be employed to determine the time when a human or animal
remains inactive, such a moment can be used to take a scheduled RF-based measurement,
gaining accuracy and reliability of the collected sample. In some embodiments, the RF
measurements may be made while the subject is on a state of motion, and the obtained
measurements may be conditioned or calibrated based on the indication of the accelerometer
on whether the subject was active or inactive. In some embodiments, measurements may be
taken only when the accelerometer indicates the subject’s mobility state is below some
threshold (e.g., if the person’s velocity is below five miles an hour). Additionally,
determining inactive states via an accelerometer and/or the like sensors before collecting an
RF-based measurement sample can reduce the amount of energy consumed by the device
because an RF sampling device coupled to an accelerometer can consume less energy than an
RF device by itself when it is compared to the expended energy utilized on retaking defective

samples. Further details with regard to the computation of vital signs can be found with
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respect to Figure 7 an example method performed by the VSRD process to calculate a
subject’s heart rate. Continuing with Figure 1, after the data received from the monitoring
packets e.g., 105 are processed the calculated vital signs can be sent wirclessly to a smart
phone e.g., 103 and/or to a computer station e.g., 102. In some embodiments, the sensor 112
determines the vital signs by analyzing the data or RF measurements collected by the sensor

itself.

[43] In some embodiments, the monitoring packet 105 can be sent to a smart phone 103
which can compute the requested signs from the gathered RF measurements. The smart
phone 103 can then send a vital sign response with the requested measurements to another
computer station e.g., 102. In other embodiments sensor telemetry is collected by wireless
radios spread around the measurement premises (such as a livestock farm). For example, RF
measurements from RF sensors and/or dielectrometers mounted on livestock can be
transmitted to a standalone server directly or via a network distributed over the livestock
farm. In any case, the telemetry information can be collected into one or more servers and can

be accessed directly or via the internet (e.g. using a smartphone).

[44] Figure 2 shows an example of the electrical components comprised in one
embodiment of the VSRD sensor. In some embodiments, an oscillator 205 produces a high
frequency microwave signal, for example, a signal between about 200MHZ and about 3GHz
modulated by, or simply mixed with the signal generator 207. The signal produced by the
oscillator 205 may be amplified by the amplifier 203 and then is transmitted to a subject’s
tissue through an electrode, conductor, or antenna e.g., 201 of a dielectrometric probe and/or
radar, e.g., 212. In some embodiments, the VSRD sensor can be implemented comprising a
bistatic radar, where the radar includes a transmitter and a receiver located separately, and/or
a monostatic radar, where the transmitter and the receiver are collocated. Thereafter, the
signal can be propagated to a tissue, and reflected back to the sensor in a plurality of modified
signals wherein each signal from said plurality of modified reflected signals corresponds to
an intersected member within the tissue. For example, the signal may have been reflected

from arteries (e.g. anterior tibial, popliteal, brachial, carotid, etc.), muscles, etc.

[45] In some embodiments, the plurality of reflected signals is received by an electrode or
a conductor, e.g., 202 (which may be different than the first electrode 201) of the
dielectrometric probe e.g., 212. This plurality of signals is changed in amplitude and/or
phase, with respect to the transmitted signals and can be mixed with the original transmitted

signal as outputted by the oscillator 205 to obtain an intermediate frequency signal or a beat
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frequency which reflects signal change; this signal can be further filtered by the band pass
filter 208 to discern the signal that will be used to determine the diclectric properties of the
targeted tissue, i.e., the artery. For example, the signal may be low-pass filtered to remove
noise artifacts. The discerned signal may then be input into an analogue to digital converter,
¢.g., 210 which samples the signal at a determined rate. Alternatively, some or all of the
filtration can be performed digitally. The sampled digital signal may then be input into a fast
Fourier transform circuit, e.g., 213, to be further processed by the dielectrometer and radar
processing circuit which determines the dielectric properties of the target tissue. These
dielectric properties can be transmitted wirelessly to a computer via the antenna 211 to be
further processed into vital signs statistics so they can be viewed by a patient, physician and
or other interested subjects. Alternatively, in some embodiments, the sensor’s electrode,
conductor, or antenna e.g., 201 can also be utilized to transmit the aforementioned telemetry

signals.

[46] In some embodiments, when the VSRD sensor does not include a dielectrometric
probe, in such embodiments, the signals transmitted and received by the radar are sufficient
to calculate a human or animal heart rate, respiration rate and blood pressure by the methods
and apparatuses presented in this disclosure. In some instances, if a temperature sensor is
included in the VSRD sensor, a body temperature of the subject may also be determined (e.g.,

calculated, estimated or derived) by the noted apparatuses and methods.

[47] Figure 3 shows various example embodiments of VSRD sensors, a human and an
animal subject wearing the sensor. Reference 301 shows an example of the sensor housing,
the housing has two antennae, electrodes or conductors 302 which are in direct contact with

the subject’s skin, fur or clothing to transmit and receive microwave signals.

[48] In another embodiment, the sensor housing can be enhanced with a strap, e.g., 304 to
be attached to an animal’s neck, e.g., 303 to monitor the animal’s vital signs. Moreover, in
some embodiments, the VSRD can determine when an animal is regurgitating based on

signals collected from the movements of the animal neck’s muscles.

[49] Alternatively, in some embodiments, the VSRD sensor can be secured to an animal’s
ear and/or limb e.g., 308. Moreover, in some embodiments the secured VSRD sensor can be
implemented comprising a bistatic radar i.e., a radar with a transmitter and a receiver on each
side of the ear or limb and/or comprising a monostatic radar i.e., a radar with a transmitter

and a receiver collocated on the same side of the ear or limb. In other further embodiments, a
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preexisting collar tag and/or a preexisting housing can be utilized to mount or attached the

VSRD.

[S0] Figure 3 shows a human body 305 that has a plurality of sensors in direct contact with
the skin in proximity with various arteries, e.g., 306 and 307 corresponding to some
embodiments of the VSRD. Such sensors can be attached to the human skin by enhancing the
sensors with patches with skin friendly adhesives. In some embodiments, a variety of
methods including skin patches (with or without adhesives), straps (chest straps, vests, etc.),
wrist straps, tags, and/or the like can be used to mount or couple the sensors to the subject. In
some embodiments, the mounting may be strategic in that the sensors may be mounted in the
vicinity of the tissue being monitored or investigated by the sensors. For example, for
respiration measurements, the sensors may be mounted on the torso of the subject. For
muscle movement detections, the sensors may be mounted on the neck an animal, and/or the

like.

[S1] Figure 4 shows an example method to perform a vital sign calculation in one
embodiment of the VSRD system, for example, heart or respiration rate. In one embodiment,
the VSRD sensor samples a plurality of continuous or stepped wave signals over a period of
time reflected from a tissue in a human or animal subject, e.g., 401. Such signals comprise or
carry dielectric properties. In some embodiments, the sampled signals are filtered to retain
only the signal or signals at a particular frequency or frequency range 402. For example, the
signal may be filtered to focus on the frequency range of human or animal respiration if the
calculation is for respiration rate, on the frequency range of heart beatings if the calculation is
for heart rate, etc., e.g., 404. Further the signal may be filtered to remove noise, for example,
the signal may be low-pass filtered. Thereafter, the filtered signal or signals are further
processed to determine a peak value, that is, the maximum instantaneous value of the
continuous waveform during the sampled time 403. Subsequently the signal is processed to
determine how frequently a peak value emerges from the continuous wave signal 304 and

then the heart or respiration rate can be calculated 405.

[52] Figure 5 shows examples of heart rate measurements taken with the VSRD. With
reference to Figure SA, in some embodiments, the depth of a prominent artery along the
signal propagation path within the subject is estimated, and the signal reflections
corresponding to the estimated depth are utilized to determine the heart rate. The gathered
signal reflection is filtered, e.g., low pass filtered, to remove noise artifacts, which may reveal

peaks in the signal. In such embodiments, the detection of the prominent peak in the
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frequency range of the vital sign one is interested in determining (e.g., respiration frequency,
heart rate range, etc.) allows one to estimate the rate of the prominent peaks, and hence the
periodicity of the occurrence of the peaks. In other words, from the rate of the prominent

peaks, one may determine the rate being measured (e.g., the heart rate).

[53] With reference to Figure 5B, in some embodiments, the PSD of the signal may be
calculated and peaks may be detected in the frequency range being considered. In some
embodiments, the frequency of the prominent peak may be related to the frequency of the rate
being monitored. For example, for a heart rate measurement, one may consider frequency
range from about 0.5Hz to about 3.5Hz to be the relevant frequency range and the frequency
of the most prominent peak appearing in this range may be considered as the frequency of the

heart rate.

[S4] Figure 6 shows examples of measurements taken with the VSRD system: blood pulse
wave (shown next to an electrocardiogram for reference) in one embodiment of the VSRD. In
some embodiments, heart rate sensor measurements can be obtained by utilizing the sensor’s
embedded radar by positioning the sensor in proximity to a subject’s artery. The heart rate
can be measured from received radio frequency signals that have been reflected from their
intersection with the subject’s artery. Similarly, the sensor can calculate the respiration rate
from the sensor signals by collecting the reflected signals received by the sensor, and

detecting the principal frequency corresponding to the respiratory rate as described above.

[S5] Figure 7 shows an example signal obtained by the VSRD sensor showing the pulse
pressure based on systolic and diastolic blood pressure points, in one embodiment of the
VSRD. In some embodiments, the subject’s blood pressure can be obtained from the signal
reflected from the subject’s artery, e.g., 700. The amplitude of the signal waveform can be
calibrated by utilizing a blood measurement device that serves as a reference blood pressure
meter. Thereafter, the systolic blood pressure can be determined as a function of the
maximum point of the calibrated pulse waveform, e.g., 701. Similarly, the diastolic blood
pressure can be determined as a function of the minimum point of the calibrated pulse
waveform e.g., 702. The difference between the maximum and the minimum points of the
calibrated pulse waveform can correspond to the subject’s pulse pressure. In some alternative
embodiments, the time difference between peaks of pulse pressure waveforms, or
equivalently the frequency of a transformed signal (e.g., FFT-transformed) can be utilized to

assess the systolic and diastolic blood pressure.

16



WO 2016/040337 PCT/US2015/048971

[S6] In some embodiments of the VSRD, the RF signals employed to calculate
measurements can comprise signals reflected from muscles in addition or alternatively to not
signals reflected from an artery. For example, signals reflected from specific muscles within a
tissue may be analyzed to determine when a human or animal is chewing. Such muscle
signals are reflected from a different depth than the arteries and thus, they can be processed
utilizing the methods and devices as described herein by adapting the corresponding signal
frequencies. For example, an estimate of the depth of the muscle and isolation of the signals
reflected from such muscle (based on frequency shifts, for example) allows one to identify
the reflected signals with the muscles and apply the systems and methods disclosed herein to

determine the desired properties of the muscle.

[S7] Figure 8 shows an example method performed by the VSRD process to calculate a
subject’s heart rate, in one embodiment of the VSRD system. In one embodiment, a client
device 801 sends a request of vital signs 803 to the VSRD process 802. Thereafter, the VSRD
process evaluates if the request includes a request of heart-rate dielectrometer based
measurement ¢.g., 804. If the request does not include a request of heart-rate dielectrometer
based measurement then, the process can proceed to check for other requested vital signs
based on radar measurements e.g., 805. If however, the request includes a heart-rate
dielectrometer based measurement then the VSRD process enters a loop wherein for each of a
frequency (PF) in a predetermined set of frequencies e.g., 806, the process determines
dielectric properties of a tissue and calculates a complex dielectric permittivity (CDP) of the
tissue based on the tissue’s dielectric properties and can append the calculated (CDP) and
(PF) to a CDP sample vector (CDP-SV) containing the complex dielectric permittivity of
each predetermined frequency PF in the aforementioned set. Thereafter, an impedance value
is calculated based on the values contained in the CDP sample vector (CDP-SV) ¢.g., 809 to
correlate the impedance with a heart-rate value e.g., 810 and further send the calculated rate
to the client device. In some embodiments, the CDP-SV is sampled over time allowing for
the creation of a time-varying signal that can be used for determining a heart rate value. For
example, the heart rate can be derived from or estimated based on the variations in time of the
sampled CDP signal (e.g., frequency of at least substantially periodic variation that occurs in

the frequency range relevant to heart rates).

[58] Communication between various components, including a processor which includes
computer instructions operable thereon which are configured to at least one of control the

disclosed devices and systems, and calculate diastolic and systolic values, heart rates, blood
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pressure, body temperature and respiration rates, as well as calibration of values, can be
wired communication, and/or wireless via an analog short range communication mode, or a
digital communication mode including, for example, WI-FI or BLUETOOTH®. Additional
examples of such communication can include communication across a network. Such a
network can include a local area network (“LAN”), a wide area network (“WAN™), or a
global network, for example. The network can be part of, and/or can include any suitable

networking system, such as the Internet, for example, and/or an Intranet.

[539] Generally, the term “Internet” may refer to the worldwide collection of networks,
gateways, routers, and computers that use Transmission Control Protocol/Internet Protocol

("TCP/IP") and/or other packet based protocols to communicate therebetween.

[60] In some embodiments, the disclosed systems and devices may comprise one or more
transmission elements for communication between components therecof. In some
embodiments, the transmission element can include at least one of the following: a wircless
transponder, or a radio-frequency identification (“RFID”) device. The transmission element
can include at least one of the following, for example: a transmitter, a transponder, an
antenna, a transducer, and/or an RLC circuit or any suitable components for detecting,
processing, storing and/or transmitting a signal, such as electrical circuitry, an analog-to
digital (“A/D”) converter, and/or an electrical circuit for analog or digital short range

communication.

[61] In some embodiments, a controller/processor according to some embodiments and/or
any other relevant component of disclosed devices and systems can include a memory, a
storage device, and an input/output device. Various implementations of some of
embodiments disclosed, in particular at least some of the processes discussed (or portions
thereof), may be realized in digital electronic circuitry, integrated circuitry, specially
configured ASICs (application specific integrated circuits), computer hardware, firmware,
software, and/or combinations thereof (e.g., the disclosed processor/controllers). These
various implementations, such as associated with the disclosed devices/systems and the
components thereof, for example, may include implementation in one or more computer
programs that are executable and/or interpretable on a programmable system including at
least one programmable processor, which may be special or general purpose, coupled to
receive data and instructions from, and to transmit data and instructions to, a storage system,

at least one input device, and at least one output device.
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[62]  Such computer programs (also known as programs, software, software applications or
code) include machine instructions/code for a programmable processor, for example, and
may be implemented in a high-level procedural and/or object-oriented programming
language, and/or in assembly/machine language. As used herein, the term "machine-readable
medium” refers to any computer program product, apparatus and/or device (e.g.,
nontransitory mediums including, for example, magnetic discs, optical disks, flash memory,
Programmable Logic Devices (PLDs)) used to provide machine instructions and/or data to a
programmable controller/processor, including a machine-readable medium that receives
machine instructions as a machine-readable signal. The term "machine-readable signal” refers

to any signal used to provide machine instructions and/or data to a programmable processor.

[63] To provide for interaction with a user, the subject matter described herein may be
implemented on a computing device which includes a display device (e.g., a LCD (liquid
crystal display) monitor and the like) for displaying information to the user and a keyboard
and/or a pointing device (e.g., a mouse or a trackball, touchscreen) by which the user may
provide input to the computer. For example, this program can be stored, executed and
operated by the dispensing unit, remote control, PC, laptop, smartphone, media player or
personal data assistant ("PDA"). Other kinds of devices may be used to provide for

interaction with a user as well.

[64] For example, feedback provided to the user may be any form of sensory feedback
(e.g., visual feedback, auditory feedback, or tactile feedback), and input from the user may be
received in any form, including acoustic, speech, or tactile input. Certain embodiments of the
subject matter described herein may be implemented on a computing system and/or devices
that includes a back-end component (e.g., as a data server), or that includes a middleware
component (e.g., an application server), or that includes a front-end component (e.g., a client
computer having a graphical user interface or a Web browser through which a user may
interact with an implementation of the subject matter described herein), or any combination

of such back-end, middleware, or front-end components.

[65] While various inventive embodiments have been described and illustrated herein,
those of ordinary skill in the art will readily envision a variety of other means and/or
structures for performing the function and/or obtaining the results and/or one or more of the
advantages described herein, and each of such variations and/or modifications is deemed to
be within the scope of the inventive embodiments described herein. More generally, those

skilled in the art will readily appreciate that all parameters, dimensions, materials, and
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configurations described herein are meant to be an example and that the actual parameters,
dimensions, materials, and/or configurations will depend upon the specific application or
applications for which the inventive teachings is/are used. Those skilled in the art will
recognize, or be able to ascertain using no more than routine experimentation, many
equivalents to the specific inventive embodiments described herein. 1t is, therefore, to be
understood that the foregoing embodiments are presented by way of example only and that,
within the scope of the appended claims and equivalents thereto, inventive embodiments may
be practiced otherwise than as specifically described and claimed. Inventive embodiments of
the present disclosure are directed to each individual feature, system, article, material, kit,
and/or method described herein. In addition, any combination of two or more such features,
systems, articles, materials, kits, and/or methods, if such features, systems, articles, materials,
kits, and/or methods are not mutually inconsistent, is included within the inventive scope of
the present disclosure. Still other embodiments of the present disclosure are patentable over
prior art references for expressly lacking one or more features disclosed in the prior art (i.e.,

claims covering such embodiments may include negative limitations).

[66] Any and all references to publications or other documents, including but not limited
to, patents, patent applications, articles, webpages, books, etc., presented anywhere in the
present application, are herein incorporated by reference in their entirety. One or more
features and/or embodiments disclosed in one or more of incorporated by reference
documents herein can also be combined with one or more features/embodiments of the

present disclosure to yield yet further embodiments (of the present disclosure).

[67] Moreover, all definitions, as defined and used herein, should be understood to control
over dictionary definitions, definitions in documents incorporated by reference, and/or

ordinary meanings of the defined terms.

[68] The indefinite articles “a” and “an,” as used herein in the specification and in the

claims, unless clearly indicated to the contrary, should be understood to mean “at least one.”

[69] The phrase “and/or,” as used herein in the specification and in the claims, should be
understood to mean “either or both” of the clements so conjoined, i.c., clements that are
conjunctively present in some cases and disjunctively present in other cases. Multiple
elements listed with “and/or” should be construed in the same fashion, i.e., “one or more” of
the elements so conjoined. Other elements may optionally be present other than the elements

specifically identified by the “and/or” clause, whether related or unrelated to those elements
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specifically identified. Thus, as a non-limiting example, a reference to “A and/or B”, when
used in conjunction with open-ended language such as “comprising” can refer, in one
embodiment, to A only (optionally including elements other than B); in another embodiment,
to B only (optionally including elements other than A); in yet another embodiment, to both A

and B (optionally including other elements); etc.

[70] As used herein in the specification and in the claims, “or” should be understood to
have the same meaning as “and/or” as defined above. For example, when separating items in
a list, “or” or “and/or” shall be interpreted as being inclusive, i.e., the inclusion of at least
one, but also including more than one, of a number or list of clements, and, optionally,
additional unlisted items. Only terms clearly indicated to the contrary, such as “only one of”
or “exactly one of,” or, when used in the claims, “consisting of,” will refer to the inclusion of
exactly one element of a number or list of elements. In general, the term “or” as used herein
shall only be interpreted as indicating exclusive alternatives (i.e. “one or the other but not

29 <

both”) when preceded by terms of exclusivity, such as “either,” “one of,” “only one of,” or
“exactly one of.” “Consisting essentially of,” when used in the claims, shall have its ordinary

meaning as used in the field of patent law.

[71]  As used herein in the specification and in the claims, the phrase “at least one,” in
reference to a list of one or more elements, should be understood to mean at least one element
selected from any one or more of the elements in the list of elements, but not necessarily
including at least one of each and every element specifically listed within the list of elements
and not excluding any combinations of elements in the list of elements. This definition also
allows that elements may optionally be present other than the elements specifically identified
within the list of elements to which the phrase “at least one” refers, whether related or
unrelated to those elements specifically identified. Thus, as a non-limiting example, “at least
one of A and B” (or, equivalently, “at least one of A or B,” or, equivalently “at least one of A
and/or B”) can refer, in one embodiment, to at least one, optionally including more than one,
A, with no B present (and optionally including elements other than B); in another
embodiment, to at least one, optionally including more than one, B, with no A present (and
optionally including elements other than A); in yet another embodiment, to at least one,
optionally including more than one, A, and at least one, optionally including more than one,
B (and optionally including other elements); etc.

[72] In the claims, as well as in the specification above, all transitional phrases such as

2

“comprising,” “including,” “carrying,” “having,” ‘“containing,” “involving,” “holding,”
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“composed of,” and the like are to be understood to be open-ended, i.e., to mean including
but not limited to. Only the transitional phrases “consisting of” and “consisting essentially
of” shall be closed or semi-closed transitional phrases, respectively, as set forth in the United

States Patent Office Manual of Patent Examining Procedures, Section 2111.03.
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What is currently claimed is:
I. An apparatus for measuring vital signs of a subject, comprising:
a probe configured to:
be placed on or adjacent to skin of a subject, and

generate one or more first radio-frequency (RF) waves for transmission

towards a tissue and receive reflected RF waves therefrom;
at least one circuit configured to
cause the probe to generate the first RF waves, and
generate at least one signal corresponding to one or more of the reflected RF
waves received by the probe; and
a processor having computer instructions operating thereon
wherein:
the one or more first BF waves inciude one or more first characteristics:
the one or more reflecied RF waves include ome or more second
characteristics;

the at least one signal includes information corresponding to at least one of the

one or more second characteristics; and

the computer instructions are configured to cause the processor to determine at
least one vital sign of the subject  based upon one or more of the second
characteristics and/or the difference between one or more of the second
characteristics and one or more of the first characteristics of one or more of the

reflected RYF waves,

2. The apparatus of claim 1, wherein the probe comprises a monostatic radar.
3. The apparatus of claim 1, wherein the probe comprises a bistatic radar.
4. The apparatus of claim 1, wherein the probe comprises a dielectrometer comprising a

first conductor and a second conductor.

5. The apparatus of claim 1, wherein the one or more first RF waves comprise stepped-

frequency RF waves.
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10.

11.

12.

13.

14.

15.

The apparatus of claim 1, wherein the one or more first RF waves comprise

continuous-frequency RF wave.

The apparatus of claim 1, wherein the probe is configured with flexibiity for

conforming the probe to the skin of the subject.

The apparatus of claim 1, wherein the probe is configured to be placed on or adjacent
to the skin of the subject via a wearable device or garment or an adhesive, or, an
mmplantable device configured to be placed 1u proximity to the tissue.

The apparatus of claim 8, wherein the wearable garment comprises at least one of an

article of clothing, a collar, a wrist strap, an ear tag, and a skin patch.

The apparatus of claim 1, wherein the at least one circuit is configured to cause the
probe to genecrate the first RF waves and to receive the reflected RF wave at a

plurality of frequencies.

The apparatus of claim 10, wherein the plurality of frequencies range from 200MHz

to 3GHz.

The apparatus of claim 1, wherein the computer instructions are further configured to
cause the processor to resolve the at least one signal and/or the received reflected RF
waves according to one or more depths into the subject from which one or more of the

reflected RF waves occurred.

The apparatus of claim 1, wherein the computer instructions are further configured to
cause the processor to condition the at least one signal and/or the received, reflected

RF waves using band pass filtering.
The apparatus of claim 1, wherein:
the probe is placed in proximity to an artery, and

the computer instructions are further configured to cause the processor to determine a
time rate of occurrence of prominent peaks in a pulse waveform of the at least
one signal and/or the received, reflected RF waves, and wherein the time rate

corresponds to a heart rate of the subject.
The apparatus of claim 1, wherein:

the probe is placed in proximity to an artery, and
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16.

17.

18.

19.

20.

21.

the computer instructions are further configured to cause the processor to identify a
prominent peak frequency in a frequency range relevant to heartbeats of the
subject from a power spectrum density of the at least one signal and/or the

received, reflected RF waves.

The apparatus of claim 15, wherein the frequency range for the at least one signal

and/or one or more first RF waves corresponds between 0.5Hz to 2.5Hz.

The apparatus of claim 15, wherein the computer instructions are further configured
to cause the processor to determine a heart rate of the subject as a function of the peak

frequency.
The apparatus of claim 1, wherein:
the probe is placed at least in proximity to a torso of the subject, and

the computer instructions are further configured to cause the processor to identify a
prominent peak frequency in a frequency range of the received, reflected RF
waves corresponding to respirations of the subject from a fast Fourier

transform of the returned signal.
The apparatus of claim 18, wherein the frequency range is between 0.1Hz to 1Hz.

The apparatus of claim 18, wherein the computer instructions are further configured
to cause the processor to determine a respiration rate of the subject as a function of the

peak frequency.

The apparatus of claim 1, wherein:

the probe is placed in proximity to an artery, and

the computer instructions are further configured to cause the processor to:

calibrate at least one amplitude of a pulse waveform of the at least one signal and/or
the received, reflected RF waves with respect to a reference blood pressure

measurement; and

calculate a difference between a maximum of the calibrated amplitude representing
systolic blood pressure and a minimum of the calibrated amplitude

representing diastolic blood pressure.
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22.

24,

25.

The apparatus of claim 21, wherein the computer instructions are further configured
to cause the processor to determine a blood pressure of the subject as a function of the

calculated difference.
The apparatus of claim 1, wherein:

the at least one signal and/or the received, reflected RF waves correspond to
reflections from at least two different arterial tree locations of arteries of the

subject, and
the computer instructions are further configured to cause the processor to:

determine an arterial-pulsc-arrival-time (PAT) at cach of the two different

arterial tree locations, and

calculate a difference between the PAT at the two locations 80 as 1o determing

an arterial-pulse-travel-tirne (PTT).
The apparatus of claim 1, wherein:

the at feast one signal and/or the received, reflected one or more RF waves correspond

to form at least two different arterial tree locations of arteries of the subject, and
the computer instructions are further configured to cause the processor to:

determine arterial-pulse-arrival-time (PAT) at each of the two different arterial

tree locations, and

calculate a difference between the PAT at the two locations s0 as o determine

an arterial-pulse-travel-time (PTT).
The apparatus of claim 1, wherein:

the probe comprises a first sensor and a second sensor, the first sensor configured for
receiving a first reflected RF wave from a first arterial tree location and the second
sensor configured for receiving a second reflected RF wave from a second arterial tree

location; and
the computer instructions are further configured to cause the processor to:
determine arterial-pulse-arrival-time (PAT) at cach location, and

calculate a difference between the PAT at the two locations so as to determine

an arterial-pulse-travel-time (PTT).
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28.

29.

30.

31.

~3

The apparatus of any of claims 23-25, wherein the two arterial tree locations comprise

different locations on same arterial free.

The apparatus of any of claims 23-25, wherecin the two arterial tree focations comprise

locations on different arterial trees on same area of the body of a patient.

The apparatus of any of claims 23-25, wherein the two arterial tree locations comprise

locations on arterial trees on different areas of the body of a patient.

The apparatus of any of claims 23-25, wherein the computer instructions are further
configured to cause the processor to determine a blood pressure of the subject as a

function of the PTT.

The apparatus of claim 1, wherein the computer instructions are further configured to
cause the processor to determine a complex permittivity from the at least one signal

and/or one or more of the received, reflected RF waves.
The apparatus of claim 1, wherein:

the probe comprises a dielectrometer comprising a first conductor and a second

conductor; and

the computer instructions are further configured to cause the processor to calculate a
complex permittivity from the at least one signal and/or one or more of the received,
reflected RF waves by measuring an impedance between the first conductor and the

second conductor.

27



PCT/US2015/048971

WO 2016/040337

1/9

'SUBIS [e}IA 2nseaul O} WaISAS (JHSA) Je1ewi0109]1(] pue Jepey Subig [elA aY3 JO Sjuswipoquis awos 0} Buipuodsaiio sasea asn Jo sojduiex] I ¢._=m_u_

uonelS

[

601
1senbay

Subis el

ort
asuodsay

subig [BIA

sjusWaINses|\ LesH

) [ ] O X D>

bl

GO | 18y0ed
BuLiojuop

% % 3 y p 0k 3
| H
I3
;

€0 | suoyd pews

¥l
JaAIas QYSA

901
1senbay

subig [eyA

07
asuodsay

SubIS [elA

(00 Juauoduio) QUSA “69)
307 subis paysanbal a)ndwan

W O N
$30Bssal UelalsAyd

KoJs|H Jusied
SWEeN Jusied

3

sjusWaINSes|\ LesH

= TOHIE) J




PCT/US2015/048971
2/9

WO 2016/040337

“10Suas JYSA Ui Jo Juswiipoquwia auo Ul bmw__QEoo wEw:anoo [edl)de|a ay} 1o m_amem uy Z 0:._&_“_

oy \y\/\ﬁ\
- X _
0l ¢ — e
80¢
144
(%4
Y J0JRIauUss) [eubig
inoug —
Buissenoid * L0 7
Jepey pue
Jajpwonosalg 7
w7 |

00¢



WO 2016/040337

P~
()
[ar]

308

<
(]
(a0

PCT/US2015/048971
3/9

S ””“\\\\\“W*‘W S O

.
e N
RS

y S
3 o
i SN

(o]
O
(o)

Example embodiments of the VSRD sensors, and a human and an animal subject wearing the sensor.

Figure 3



PCT/US2015/048971

WO 2016/040337

4/9

"4SA Y} J0 JUsWIpogWia U U) Uoe|na[es sjel Lesy e wuodad o) sda)s Jo ajdulex3

uonenofes ufis [eja

S0
[eAoWa) SUInQ
Wy
uoRs}ep ¥ead
e
Buuay ssed pueg
A

aull} paloads e Jano

saluadoid a1yo8eIp anses|y

b

<+

¢ 2inbi4



WO 2016/040337

5/9

PCT/US2015/048971

3

s

RIS

N

A
Ny,

e

N
T

IRRETIERECSEi )

Sl

LM N
R R

IR

R D]
] ]

(e LK

) ) b
) 3

apnpluny

8 E) Ei]
53 gx\s E.\'\.“i

0 ¥ 558
1 L] ¥

LN

g

L]
woi

B

g

~5¥
wol

& »
e

R

o f

By

£
a
A

N
&

2 e

—

FIG. 5A



WO 2016/040337 PCT/US2015/048971

6/9

-
N

RN
e
S
R S
R S
s

b

NV

= & & & & ¥ =

Lt spnpubep) wiupoads J8mo

Fregueicy Hzl

FIG. 5B



PCT/US2015/048971
7/9

WO 2016/040337

9 ainbi4
anseaul Jo sajduiex3

: U} UJIM UaYe] Sjusw

IXaU UMOYS) anem asjnd poojq -1osuss HASA du}

eJ60IpJE201}93)8 UE 0}

"(9oualajal Joj welfol

o [
& - ;
- N 4 i “
4 A 4 4
P ST s B 4
R it o % ma \wm
- & % e -’
H : % \!\..m.ﬂ.rﬁ\
: : % R
v Z % ST
‘ ‘ % % g 0%
v 7 “ .
¢ - : : :
,h*a.w\z..l PR H B M 1 o m.w
wi% . i . H o arisan d
I H s P x
Y p? R s 1
Pl B ST AR v “ 4
. B s . M i
[P ¢ B 4
P » ¥ v 4
prs a0 i v “ st mmww Wv
. % t P =
. N DU - pec
y D B ;g £
7 H “ 1 % =
[N ¢ . 7 %, =
Lo i : m 7 fro
v b z N 5 o =
o ; / ; ; I 4 a4 (0L
I 4 7 . i . [N 5 Ll
/ f J : ; B R J 1
i v [ ‘ i o p ¢ y
K [ 7 % : i :
1 : H s 7 2 . g 0
i [ T H t 5 B 7 a
4 [t 4 < € 4 B 3 “
14 P H
et - B ; < ¥ > H .
i v m ¥ ¥ v H R
i ¢ . re
7 ¢ . u
“ 7 % AT e z 4
R T Lo b
M S S : F .
7 ‘ ¢ [ .
% g < ¢ 3 7 p EL5Y
& % s i ] EErre Qu
ot I : H s n
oy i ' d
[ < Sosnnanng .
“r 7 < A T P a
PR L N 4 i
Y K + 2 “ ks
E p 3 ¢ B 2
o < . ¢ P “ PR mmm\
o . b H N
3 v P R R T i
i P TS B u
s ¢ s 5 2 P ]
3 » 7 4
s 3
- 4
13




PCT/US2015/048971
8/9

WO 2016/040337

‘sjuiod ainssald poojq SljolseIp pue 21j0jsAs Uo paseq ainssaid asind ay) Buimoys Josuas guSA 8y Ag paulelqo [eufis sjduwexg J onbi4

S

zo %

g 7
o £

Jeres
S5

20/

S
S

€0 .

a

104




PCT/US2015/048971

WO 2016/040337

9/9

"g)ed Weay $108gns e a1ejnojed o) $s800.d WelsAs ¥ASA au Ag pawopiad poyjsll sjduwexd

"8jed Leay
Yim souepaduwi sjejalie)

I8

AS-dQ9 Ul senjeA sy
uo paseq souepadul ajenojen

60 8

$3890.d
lepel 89

08

¢JajaLonosjelp

ON

£q a1ey LeaH

(AS-d@)) J0100n s|dwes 4@
0} (4d) pue (d@9) pusdde
pue saipadoid oLjo9aIp
uo paseq (da9) Aamiwied
21393ja1p Xa|dwos sje(naen

08

saladod 2110891 sUILLIBIEq

108

(4d) Aousnbaly
paulwioiepald yoes o4 .

08

~t

[e®

g aInbi4

gjel-)esH

L

150nbay subig [euA

3

0

S

e

20 8 $5801d YASA

~

}

g soimaq il



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US15/48971

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61B5/02, A61B5/05, A61B5/0215 (2015.01)
CPC - A61B5/02158, A61B5/04005, A61B5/0537

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

IPC(8)-A61B5/02, A61B5/05, A61B5/0215 (2015.01)
CPC-A61B5/02158, A61B5/04005, A61B5/0537

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

radar, bistatic radar, wand

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatSeer (US, EP, WO, JP, DE, GB, CN, FR, KR, ES, AU, IN, CA, RU, AT, CH, TH, BR, PH, INPADOC Data); implant*, wear*, arter*,
pressure, imped®, tissue, proxim®, probe, sensor, RF, prominent, blood pressure, fast fourier transform, systolic, diastolic, monostatic,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2013/121290 A2 (KYMA MEDICAL TECHNOLOGIES LTD) August 22, 2013, paragraphs |1, 3-8, 10-12, 14-17, 30
- [0037], [0043]-[0047], [0060]-[0070]

Y 2,9,13,18-22
A 23-29, 31
Y WO 2011/067623 A1 (KYMA MEDICAL TECHNOLOGIES LTD) June 9, 2011, page 10, lines |2, 9
11-15, page 16, lines 29-31, page 17, lines 2-4
Y US 2006/0101917 A1 (MERKEL, H) May 18, 2006, paragraph {0064] 13
US 2014/0163425 A1 (TRAN, B) June 12, 2014, paragraphs [0264], [0319]-[0320), [0327] 18-22

D Further documents are listed in the continuation of Box C.

I:I See patent family annex.

hd Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered 1o involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

03 November 2015 (03.11.2015)

Date of mailing of the international search report

10DEC 2015

Name and mailing address of the ISA/

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Shane Thomas

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - wo-search-report

