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SYSTEM AND METHOD FOR CARDIOVASCULARHEALTH MONITORING

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application serial

number 62/643,490 filed 15-MAR-2018, which is incorporated in its entirety by this

reference.

[0002] This application is related to U.S. Application serial number 15/337,127

filed 28-OCT-2016, each of which is incorporated in its entirety by this reference.

TECHNICAL FIELD

[0003] This invention relates generally to the biometric field, and more specifically

to a new and useful system and method for monitoring cardiovascular health.

BRIEF DESCRIPTION OF THE FIGURES

[0004] FIGURE 1 is a schematic representation of a first preferred embodiment of

[0005] the invention;

[0006] FIGURE 2 is a cross-sectional view taken along the line a-b in Figure 1;

[0007] FIGURE 3 is a schematic representation of further embodiment of the

invention;

[0008] FIGURE 4 is a schematic representation of another embodiment of the

invention;

[0009] FIGURE 5 is a schematic representation of another embodiment of the

invention;

[0010] FIGURE 6 is a flowchart representation of an alternative embodiment of the

invention;

[001 1] FIGURE 7 is a flowchart representation of another embodiment of the

invention;

[0012 ] FIGURE 8 is a flowchart representation of a further embodiment of the

invention;



[0013] FIGURE 9 is a flowchart representation of a further embodiment of the

invention;

[0014] FIGURE lo is a flowchart representation of an alternative embodiment of

the invention;

[0015] FIGURE l i is a representative graph of another embodiment of the

invention; and

[0016] FIGURE 12 is a cross-sectional view taken along the line a-b in Figure l .

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0017] The following description of the preferred embodiments of the invention is

not intended to limit the invention to these preferred embodiments, but rather to enable

any person skilled in the art to make and use this invention.

. A system for generating a contextualized blood pressure dataset

[0018] As shown in FIG l and FIG 2, the health monitoring system loo of one

embodiment includes an electromagnetic transmitter n o configured to transmit an

electromagnetic signal towards a target body region on a user; an electromagnetic receiver

120 configured to receive reflected energy from a target body region on a user; a

calibration sensor 130 that measures reference cardiovascular-related parameters of a

user (such as vessel pressure, stiffness, or motion); and an activity sensor 140 configured

to detect the activity state of a user. The system also includes an attachment mechanism

150 for fixing the electromagnetic transmitter, electromagnetic receiver, calibration

sensor and activity sensor to the user; and a stand-off mechanism 160 for fixing the

electromagnetic transmitter and electromagnetic receiver at a known standoff distance

from a target body region on the user. The standoff ensures that the target body region

remains outside of the reactive near-field of the electromagnetic transmitter and

electromagnetic receiver. The system also includes a processor 170 which is electrically

coupled to the electromagnetic receiver, electromagnetic transmitter, calibration sensor

and activity sensor. Processor 170 is configured to evaluate cardiovascular-related

parameters of the user based on the received reflected energy. Health monitoring system

100 may also include other components (not shown) such as display, touch screen,



battery, power charging unit, wireless communication (e.g. Wi-fi, Bluetooth), GPS, and

other peripheral units. In another embodiment, the processor is operable between a

calibration mode and an operating mode. In alternative embodiments, either the

calibration sensor or the activity sensor or both sensors may be external to the health

monitoring system 100. The outputs of the calibration sensor and/or the active sensor

may be input into the health monitoring system 100 via wireless communication or

manual input. In other embodiments, an external processor (e.g. remote server) may be

used to evaluate cardiovascular-related parameters of the user.

[0019] The electromagnetic transmitter n o functions to generate and transmit

electromagnetic signals towards a target body region of the user such as an arterial surface

pulse; the signals then reflect off of the user and are received by the electromagnetic

receiver 120. In one embodiment, the transmit signal is in the millimeter wave frequency

band (e.g. between 30 and 300 GHz). In one embodiment, the transmit signals are

millimeter- wave signals between 57 and 63 GHz. In one embodiment, the electromagnetic

transmitter utilizes frequency modulated continuous wave signals, as would be used for a

frequency modulated continuous wave radar system. In another embodiment, the

electromagnetic transmitter utilizes fixed continuous wave signals. In another

embodiment, the electromagnetic transmitter utilizes pulsed signals. The electromagnetic

transmitter can include a transmit antenna subsystem for facilitating radiation of the

electromagnetic energy.

[0020] The electromagnetic receiver 120 functions to receive reflected signals from

the target body region of a user such as an arterial pulse waveform. The timing, shape,

phase and amplitude of the received signals will be affected by the arterial pulse

waveform, which will in turn enable the determination of the user’s blood pressure. In

one embodiment, the transmitted and received signals are coupled into the processor 170

to form a radar system. Specifically, the processor may perform mixing, filtering and

signal processing of the received signal to extract information related to the position and

motion of the target body region of a user. In one embodiment, the radar system is a

frequency modulated continuous wave radar system. In another embodiment, the radar

system is a continuous wave radar, such as continuous wave doppler radar. In another

embodiment, the radar system is a pulsed radar, such as impulse-radio ultra-wideband



radar. In one embodiment, only the received signals are coupled into the processor to

form the radar system. The electromagnetic receiver can include a receive antenna

subsystem for facilitating reception of electromagnetic energy. In one embodiment,

transmit and receive functions can be performed with the same antenna subsystem.

[0021] The attachment mechanism 150 functions to fix the electromagnetic

transmitter and electromagnetic receiver to the user, as well as orient the electromagnetic

transmitter and electromagnetic receiver towards a target body region, such as an artery

of the user. In one embodiment, the attachment mechanism also functions to fix the

calibration sensor to the user. In one embodiment, the attachment mechanism includes

an enclosure 155 to house the electromagnetic transmitter and electromagnetic receiver.

In one embodiment, the enclosure has geometrical features (such as a thin plastic or open

window) that allow minimal perturbation of the transmit and/or receive signal. In one

embodiment, the attachment mechanism includes two attachment mechanisms—one

fixing the electromagnetic transmitter and electromagnetic receiver to the user and

another fixing the calibration sensor to the user. In one embodiment, the attachment

mechanism includes a band. Alternatively, the attachment mechanism includes: Velcro,

straps, adhesive, silicone, or any other suitable attachment mechanism or combination

thereof. In one embodiment, the attachment mechanism is configured to attach to a

separate device mounted to the user. In another embodiment, the attachment mechanism

is configured to couple the transmitter and receiver to a wearable fitness device.

Alternatively, the attachment device is fixed to an exercise machine and enables

temporary mounting to a user.

[0022] The stand-off mechanism 160 functions to offset the electromagnetic

transmitter and electromagnetic receiver at a known stand-off distance from a target body

region on the user. This offset positions the enclosure such that the enclosure avoids

perturbing the physiology of the target body region and enables the user’s skin and tissues

overlying the artery to move freely relative to the transmitter and receiver. Alternatively

or additionally, the offset maintains the target body region outside of the reactive near

field of the electromagnetic transmitter and electromagnetic receiver, thus preventing

unpredictable performance. As shown in FIG 1 and 2, in one embodiment, the stand-off

mechanism includes two spacers. In one embodiment, each spacer is curved at the



location resting against the user (or resting on an object adjacent to the user, such as

clothing). The curved edges may also serve as guides for orientation and placement of the

attachment mechanism on the user. In an alternative embodiment, the standoff

mechanism includes one or more projections that may be arranged in a grid. In one

embodiment, the projections are rods with rounded ends. In one embodiment, the

standoff mechanism is also the attachment mechanism. For instance, in one embodiment,

the material on the edges of the stand-off spacers includes an adhesive. The stand-off

distance prescribed by the stand-off mechanism maybe between 1and 20 millimeters. In

one embodiment, the stand-off distance is between 4 and 14 millimeters. In an alternative

embodiment, the stand-off distance is distinct for each transmitter and receiver.

[0023] Note that there maybe material between the user’s skin and the transmitter

and receiver, either as part of the system 100 or separate to the system 100. In one

embodiment, the region 165 between the electromagnetic transmitter and

electromagnetic receiver consists of a guiding structure that enhances the received signal

reflected from the target body region. With reference to FIG 12, in one embodiment the

guiding structure consists of a window 400 that is cut or inserted into the enclosure 155

and is substantially transparent to the transmit and receive signal. The window can be

configured such that the reflected energy between the transmit and receive antennas and

the window is less than 50%. In another embodiment, the window can be configured such

that the reflected energy between the transmit and receive antennas and the window is

less than 10%. The window may be constructed from low-loss materials such as air,

polystyrene, polyimide or other such materials. In one embodiment, the guiding structure

consists of a shaping element 410 that sits in close proximity to the transmit and receive

antennas and enhances the radiation pattern of the antennas to maximize the response

from the target body region. The shaping element may be constructed from low-loss

insulative materials that diffract energy, metallic materials that reflect energy or

absorptive materials that absorb energy. In one embodiment, the guiding structure

consists of a reflective patch 430 that is placed in the target body region and utilized to

increase the amount of reflection or scattering from the target. The reflective patch may

be constructed from good conductors such as copper, gold, or other such materials. In

one embodiment, the guiding structure consists of a mask 420 that is placed around the

target body region and utilized to minimize the amount of signal acquired from regions



outside of the target body region. The mask may be constructed from an absorptive or

reflective material. In other embodiments, the enclosure itself 155 forms the guiding

structure by choosing an appropriate shape and materials for the enclosure.

[0024] The activity sensor 140 functions to detect activity of the user in order to

contextualize the blood pressure measurements with the user’s activity state. The activity

sensor is communicatively coupled to the processor 170. Examples of sensors included in

the activity sensor include: inertial measurement unit, gyroscope, accelerometer,

magnetometer, altimeter, optical sensor, pressure sensor, or any other suitable sensing

device or combination thereof. In an alternative embodiment, the activity sensor includes

a camera (e.g., visual range, multispectral, hyperspectral, IR, stereoscopic, etc.). More

specifically in this alternative embodiment, the activity sensor includes a camera housed

separate from the electromagnetic transmitter and electromagnetic receiver. In another

embodiment, the activity sensor is contained on a separate wearable device which records

motion or other data and is communicatively coupled to an external subsystem of the

processor, as shown in FIG 3. Examples of devices which can contain the activity sensor

include: phone, tablet, glasses, fitness tracker, watch, medical device, healthcare monitor,

or any other suitable wearable device or combination thereof.

[0025] The processor 170 can be used along with the transmitted and received

signals to create a radar system. Additionally, the processor is operable between a

calibration mode and an operating mode, and functions to generate the contextualized

blood pressure dataset. In one embodiment of the calibration mode, measurements from

the radar system and calibration sensor are utilized to create a set of calibration

parameters. The calibration parameters function to correlate radar measurements to the

calibration sensor, and subsequently to the derived blood pressure. In one embodiment,

the processor triggers the output of signals from the electromagnetic transmitter. In one

embodiment, the calibration sensor consists of a second electromagnetic transmitter and

electromagnetic receiver in communication with the processor, thus forming a duality of

radar systems. The processor receives signals from the first and second radar systems and

measures motion such as arterial pulsing in two locations along the artery. Time delay

between the pulse signals is collected at the first and second radar systems; the time delay

functions to calculate an arterial pulse wave velocity, which functions in turn to derive



blood pressure or a proxy for blood pressure. Alternatively or additionally, the processor

is configured to calculate the pulse transit time from the pulse signal datasets. In another

alternative, the processor analyzes the waveform shape to derive blood pressure,

including: pulse waveform analysis, frequency analysis, amplitude analysis, filtering, or

any other suitable form of signal analysis or combination thereof. More specifically, the

processor in calibration mode may identify a start time of an arterial pulse waveform

recorded in the pulse signal datasets. Even more specifically, this start time may be

determined with the aid of one or more template arterial pulse waveform shapes.

Alternatively, this start time may be determined through any suitable method of

waveform analysis, including: frequency analysis, amplitude analysis, or filtering or

combination thereof. In another embodiment, the calibration sensor consists of a second

electromagnetic receiver that receives energy from the first transmitter to form the second

radar system.

[0026] In one embodiment of the operating mode, the processor is used with the

transmitted and received signals to create a radar system and is additionally coupled to

the activity sensor. In this embodiment, the processor is configured to use measurements

from the radar system as well as the activity sensor, and is configured to generate a

contextualized blood pressure dataset based on the radar data and the set of calibration

parameters. In one embodiment the calibration sensor can be turned off subsequent to

the calibration parameter generation, while the processor continues to periodically

generate radar data from the radar system. In an alternative embodiment, the calibration

sensor continues to function, and both the radar system and calibration sensor are used

to periodically determine blood pressure. In one embodiment, the blood pressure dataset

is generated by categorizing the received activity sensor data into activity state categories,

and subsequently labeling the blood pressure based on the categorization. In one

embodiment, one of the categories indicates that the user has been at a low level of activity

for a given period of time (i.e. ‘at rest’). In one embodiment, the period of time is greater

than l minute. In one embodiment, the period of time is greater than 5 minutes.

Additionally, in one embodiment, the processor transitions to calibration mode when the

activity sensor data is categorized as ‘at rest.’ Alternatively, the processor records data

from the radar system and calibration sensor only when the activity sensor data is

categorized as ‘at rest.’



[0027] The processor can include a local microprocessor subsystem coupled to the

attachment mechanism 150 or the housing 155 within the attachment mechanism.

Alternatively, the processor includes a local processing subsystem 172 as well as a remote

processing subsystem 174, as shown in FIG 3. Both subsystems can include a

communication system, which are communicatively coupled to one another. In one

embodiment, this remote processing subsystem is housed on a phone, tablet, computer,

or any other suitable device with processing capabilities or combination thereof. In

another alternative, the processor includes a local communication system coupled to the

attachment mechanism and a remote processing subsystem (including a communication

system) housed separately. The communication system in any embodiment can include

one or more radios or any other suitable component. The communication system can be

a long-range communication system, a short-range communication system, or any other

suitable communication system. The communication system can facilitate wired and/ or

wireless communication. Examples of the communication system include: 802. nx, W i

Fi, Wi-Max, WLAN, NFC, RFID, Bluetooth, Bluetooth Low Energy, BLE long range,

ZigBee, cellular telecommunications (e.g., 2G, 3G, 4G, LTE, etc.), radio (RF), microwave,

IR, audio, optical, wired connection (e.g., USB), or any other suitable communication

device or combination thereof.

[0028] The processor may optionally be communicatively coupled to additional

sensors, including: electrocardiography sensor, heart rate monitor,

photoplethysmography sensor, temperature sensor, blood pressure meter, laser sensor,

or any other suitable sensor or combination thereof.

[0029] The processor can be powered by a power supply. The power supply can be

a wired connection, wireless connection (e.g., inductive charger, RFID charging, etc.), a

battery (e.g., secondary or rechargeable battery, primary battery, etc.), energy harvesting

system (e.g., solar cells, piezoelectric systems, pyroelectrics, thermoelectrics, etc.), or any

other suitable system or combination thereof.

[0030] As shown in FIG 4, in one embodiment, a display 175 is optionally included

in the system to display the contextualized blood pressure dataset. The display can be

configured to label blood pressure measurements in accordance with the corresponding



detected activity state. In another variation (as shown in FIG 5), the display plots the

blood pressure and the activity state. In another variation, the display displays only blood

pressure measurements taken during certain activity states. In this variation, the display

can display only blood pressure measurements taken when the activity state was

categorized as ‘at rest.’ In one embodiment, the display module is an application on a

phone, tablet, or computer. Alternatively, the display is fixed to the attachment

mechanism or standoff mechanism.

2. A method for generating a contextualized blood pressure dataset

[0031] As shown in FIG 6, a method 200 for generating a contextualized blood

pressure dataset for a user preferably includes transmitting a set of electromagnetic

signals directed towards an artery of the user via an electromagnetic transmitter S210 and

collecting, at an electromagnetic receiver, a received reflected signal dataset that includes

the signals transmitted by the electromagnetic transmitter S220. The method additionally

includes measuring the cardiovascular parameters of a user with a calibration sensor

S230 and generating a set of calibration parameters that correlate the reflected signal

dataset of the receiver to the measured cardiovascular parameters S240. The method also

includes detecting an activity state of the user with an activity sensor S250 and generating

a contextualized blood pressure dataset with the user’s blood pressure linked to the

activity state S260. The method 200 functions to periodically determine the user’s blood

pressure non-invasively and to provide context for the blood pressure readings. The

method 200 may additionally or alternatively include a step collecting blood pressure

data at selected times based on the detected activity state of the user (as shown in FIG 7);

this step can be used to provide a more accurate blood pressure dataset. The method 200

is preferably implemented by the system 100, but may additionally or alternatively be

implemented by any system capable of interfacing with a receiver.

[0032] The step transmitting a set of signals directed towards a target body region

such as an artery of the user via an electromagnetic transmitter S210 preferably functions

to transmit signals that reflect off of the skin of the user and are then received in step

S220. In an alternative embodiment, the received signals are enhanced via guiding

structures such as a window or shaping element to maximize transmission of energy

between the transmit and receive antennas and the target. In another alternative



embodiment, the guiding structure consists of a reflective patch fixed to the skin of the

user, where the material moves in correlation with movement of the artery. In this case,

the material thickness can be less than 2 mm; or less than 1mm. In another alternative

embodiment, the guiding structure consists of a mask fixed to the skin of the user, where

the material leaves an exposed target body region such as an artery of the user and absorbs

energy that strikes other regions.

[0033] The preferred embodiment of S210 includes transmitting millimeter-wave

signals. More preferably, the electromagnetic transmitter transmits signals with a

frequency of 30 to 300 GHz. In another variation, the transmitted signals have a

frequency between 57 and 63 GHz. In one embodiment, S210 includes transmitting

frequency modulated continuous wave signals that can be used for frequency modulated

continuous wave radar. In another embodiment, S210 includes transmitting continuous

wave signals. In another embodiment, S210 includes transmitting pulsed signals.

[0034] The step collecting a reflected signal dataset S220 functions to receive

signals generated by the electromagnetic transmitter and reflected off of the user. The

timing, shape, phase and amplitude of the received signal will be affected by the arterial

pulse waveform, which will in turn enable the determination of the user’s blood pressure.

In one embodiment, S220 includes collecting frequency modulated continuous wave

signals. In another embodiment, S220 includes collecting continuous wave signals. In

another embodiment, S220 includes collecting pulsed signals. Preferably, S220 includes

a sub-step: mixing, filtering and performing radar signal processing on the reflected

signal dataset to extract information related to the position and motion of the target body

region of the user such as the arterial pulse waveform. S220 can include sampling the

reflected signal dataset. Alternatively, mixing, filtering and signal-processing of the

reflected signal dataset may occur during S240 or with any other suitable step.

[0035] The step measuring the blood pressure of a user with a calibration sensor

S230, preferably functions to enable the calculation of calibration parameters for the

receiver such that received data from the receiver can be used to derive blood pressure

without the use of the calibration sensor. Alternatively, the calibration sensor is used

periodically to prevent loss of accuracy in the calibration over time. In another alternative,

the calibration sensor is employed when the detected activity state changes, the



temperature changes, or based on any other relevant signal. The calibration sensor is

preferably a second receiver. Alternately, the calibration sensor is a second transmitter

and second receiver. More preferably, the calibration procedure is the method

substantially described as method 300. However, the calibration sensor may alternatively

be a blood pressure meter, a photoplethysmogram sensor, an optical sensor, or any other

suitable blood pressure measurement device or combination thereof. Even more

preferably, S230 includes turning off the calibration sensor subsequent to calibration.

Alternatively, S230 may include electrically or communicatively coupling the calibration

sensor to a processor which, in turn, is electrically coupled to the receiver. More

specifically, S230 may include uncoupling the calibration sensor subsequent to

calibration.

[0036] The step generating calibration parameters that correlate the reflected

signal dataset of the receiver to the measured blood pressure S240 functions to enable the

derivation of blood pressure without the use of the calibration sensor. In this

embodiment, S240 is followed by a repetition of steps S210 and S220. The calibration

parameters are then used in another step S245: calculating the blood pressure from the

reflected signal dataset collected during the repeated step S220. In the preferred

embodiment, S245 is performed without the use of the calibration sensor. However,

alternatively, S240 functions to increase the accuracy of the blood pressure readings by

enabling an analysis of any shifts in the reflected signal dataset relative to the blood

pressure correlation. In this embodiment, the calibration sensor continues to periodically

be used and the calibration parameters are re-calculated. Preferably, changes in the

calibration parameters are tracked with reference to the detected activity state. More

preferably, shifts in the calibration parameters are additionally or alternatively tracked

with reference to alternate sensor data or user input.

[0037] Calibration parameters are preferably parameters modifying one or more

equations that translate the reflected signal dataset to a blood pressure value. The

variables of the reflected signal dataset which are preferably used as inputs in equations

include: amplitude, frequency, Fast Fourier transform analysis results, shape, width,

derivative, or any other suitable aspect of the waveform or any combination thereof.

Alternatively, the calibration parameters are the equations that translate the reflected



signal dataset to a blood pressure value. The blood pressure value is preferably two

numbers: one corresponding to systolic blood pressure and one corresponding to

diastolic. Alternatively, the blood pressure value is a single number representing a

combination of systolic and diastolic pressure—including total systolic or total diastolic

pressure. In another alternative, the blood pressure value is one or more proxy values that

correlate or correspond to a relevant blood pressure measurement. In another alternative,

the blood pressure value corresponds to a category of blood pressure. Example categories

of blood pressure include: high, low, somewhat high, somewhat low, unsafe, and normal.

[0038] The step detecting an activity state of the user with an activity sensor S250

preferably functions to provide context for the blood pressure measurements. More

preferably, the activity state is categorized based on threshold values for levels of motion.

Even more preferably, any detected activity state corresponds to at least one activity state

category. Some example categories of user activity states include: inactive, active, resting,

walking, running, and sleeping. Most preferably, activity states are determined using

thresholds for activity levels as well as thresholds for time during which the motion

remains substantially above or below a given an activity threshold value for a given time

duration threshold. For example, as shown in FIG 8, one of the activity state categories

indicates that the user has been at a low level of activity for a given period of time (i.e. ‘at

rest’). Even more preferably, the period of time is greater than 1minute. Most preferably,

the period of time is greater than 5 minutes. Examples of activity detection methods

include the use of: inertial measurement unit, gyroscope, accelerometer, magnetometer,

altimeter, optical sensor, pressure sensor, or any other suitable communication module

or combination thereof. In another embodiment, S250 includes electrically or

communicatively coupling the activity sensor to a processor which, in turn, is electrically

coupled to the receiver.

[0039] In an alternative embodiment of the method 200, S250 functions to enable

the regulation of the timing of blood pressure measurements. As an example of such an

embodiment, as shown in FIG 7, the following step is included: S258 triggering the

generation of a blood pressure dataset based on the detected activity state. Preferably,

S210, S220, S230, and S240 were performed prior to S258; in this variation, the receiver

has already been calibrated with reference to a measured blood pressure, so the steps



following S258 would be S210 (again) and S220 (again). More preferably, S258 is

performed when the activity state is below or above a certain motion threshold value.

Even more preferably, S258 is performed when the activity state is below (or above) a

certain motion threshold value and remains substantially below (or above) that threshold

value for a specified period of time (as shown in FIG 8). Most preferably, that period of

time is greater than 5 min. The period of time can alternatively be any suitable time

period, and the motion threshold value can be any threshold suitable for categorizing the

received activity sensor signals. Note that if the activity state briefly crosses the threshold

(i.e. less than 5 seconds), the state may still be considered below (or above) the threshold

for the specified period of time. In an alternative embodiment, the receiver is continually

collecting reflected signal datasets, and it is the generation of the contextualized blood

pressure dataset that is triggered based on the activity state. Note that, in one

embodiment, the contextualized blood pressure dataset is a blood pressure dataset where

the blood pressure measurements were taken during a specific category of the detected

activity state. For example, the contextualized blood pressure dataset contains blood

pressures taken when the detected motion of the user was categorized as ‘at rest.’

[0040] In another alternative embodiment of the method 200, S250 functions to

enable the regulation of the timing of sensor calibration. Preferably, this embodiment

would include the following step: triggering the generation of calibration parameters that

correlate the reflected signal dataset of the receiver to the measured blood pressure. More

preferably, S210, S220, and S230 are periodically performed, while S240 is performed

based on the detected activity state. More preferably, the triggering of S240 is performed

when the activity state is below or above a certain motion threshold value. Even more

preferably, the triggering of S240 is performed when the activity state is below (or above)

a certain motion threshold value and remains substantially below (or above) that

threshold value for a specified period of time (as shown in FIG 8 and as previously

described). Most preferably, that period of time is greater than 5 min. The period of time

can alternatively be any suitable time period, and the motion threshold value can be any

threshold suitable for categorizing the received activity sensor signals. In another

alternative, the embodiment could similarly include triggering other steps including:

S210, S220, and S230.



[0041] The step generating a contextualized blood pressure dataset with the user’s

blood pressure linked to the activity state S260 preferably functions to combine the data

received from the receivers with the detected activity state, thus providing users and

medical professionals with an increased understanding of a user’s cardiovascular health.

More preferably, S260 includes labeling the blood pressure based on an activity state

category corresponding to the detected activity state. Embodiments of the activity state

categorization substep are detailed in S240. Alternatively, the activity state categorization

substep occurs during S260. Most preferably, the blood pressure is also labeled with a

time corresponding to the time the blood pressure reading or activity state reading was

taken.

[0042] In an alternative embodiment, S260 functions to clarify a blood pressure

dataset by grouping or filtering the blood pressure data based on the user’s activity state.

Preferably in this embodiment, S250 was performed for each relevant blood pressure

reading, thus enabling each reading to correspond to an activity state. In this

embodiment, S260 then groups the blood pressure readings based on the corresponding

activity state to generate a contextualized blood pressure dataset. More preferably, there

is a group corresponding to a rest state where the activity state was detected as a low level

of activity for a given period of time (as shown in FIG 8). Most preferably, the

contextualized blood pressure dataset is filtered with preference to the group

corresponding to a rest state. Alternatively, there are multiple groups given preference in

the filtering of the contextualized dataset substep.

[0043] In another embodiment of method 200, there is a step: collecting additional

data from a sensor. This step functions to provide additional contextual information to

the blood pressure dataset. Sensors can include: cameras (e.g., visual range,

multispectral, hyperspectral, IR, stereoscopic, etc.), orientation sensors (e.g.,

accelerometers, gyroscopes, altimeters), acoustic sensors (e.g., microphones), optical

sensors (e.g., photodiodes, etc.), temperature sensors, pressure sensors, flow sensors,

vibration sensors, proximity sensors, chemical sensors, electromagnetic sensors, force

sensors, electrocardiography sensors, heart rate monitors, photoplethysmography

sensors, blood pressure meters, or any other suitable sensor. In this embodiment, S260



combines blood pressure, detected activity state, and the additional sensor data to

generate a contextualized blood pressure dataset.

[0044] In another embodiment of method 200, as shown in FIG 6, there is an

additional step: inputting a user-defined information S265. This additional step functions

to enable users (or medical practitioners) to provide additional context, relating to the

user’s: cardiovascular parameters, age, gender, race, medical history, health, fitness,

general activity level, current activity state, activity state at a certain time, or any other

relevant contextual information. In this embodiment, S260 combines blood pressure,

detected activity state, and the user input, or any combination thereof, to generate a

contextualized blood pressure dataset. More preferably, there is an additional step of

combining blood pressure datasets from multiple users into a conglomerate dataset and

grouping the conglomerate dataset by factors inputted in S265. This conglomerate dataset

enables the analysis of blood pressure data for larger populations. Most preferably, this

conglomerate dataset generation includes a substep of attaining consent from the users.

Alternatively, the user-defined information is used to prescribe thresholds for activity

state categories. Another alternative uses the user-defined information to prescribe

thresholds for blood pressure categories. In another embodiment, S265 enables users to

correct erroneous activity sensor readings. Preferably, preference is given to the user-

defined activity state over the activity sensor detected activity state in the contextualized

blood pressure dataset. Alternatively, preference is given to the activity sensor-detected

activity state.

[0045] As shown in FIG 4 and 5, in one embodiment, an additional step is included:

displaying the contextualized blood pressure dataset. In the case of system 100, this step

is performed with a display module 175. This step preferably functions to display blood

pressure over a period of time in the context of the activity state in which the blood

pressure was determined. Preferably, the step includes labeling on the display blood

pressure measurements in accordance with the corresponding detected activity state (as

shown in FIG 4). In another variation (as shown in FIG 5), the step includes plotting blood

pressure and the activity state over a period of time. Alternatively, this step functions to

display the blood pressure readings which are considered relevant based on the activity

state in which the blood pressure was determined. More preferably in this variation, the



display module displays blood pressure measurements taken when the activity state was

categorized as ‘at rest.’ This displaying step can also function to illustrate areas of concern

to the user or physician. For example, in one embodiment, the display module shows a

plot of blood pressure and activity level over the course of a period of time (FIG 5); a time

were the blood pressure is higher than expected relative to the activity state could indicate

that the user was stressed at that time.

[0046] As shown in FIG 9, in one embodiment of method 200, the following

additional steps are included: setting a blood pressure threshold such that when the blood

pressure is above the blood pressure threshold, the blood pressure corresponds to an

unsafe state, and transmitting an alert if the blood pressure is beyond the blood pressure

threshold. Preferably, the unsafe state corresponds to systolic blood pressure above 120

mmHg or below 90 mmHg, and diastolic blood pressure above 80 mmHg or below 60

mmHg. Alternatively, the unsafe state threshold is any suitable blood pressure value,

including: systolic blood pressure, diastolic blood pressure, and average blood pressure.

The unsafe state may depend on the race, gender, age, medical history, or any other

relevant factor. Even more preferably, multiple levels of unsafe states are prescribed,

including a warning state when systolic pressure is above 120 mmHg, but below 140

mmHg. Alternatively, the unsafe state is prescribed by the user, a physician, or any other

suitable person. In another embodiment, the unsafe state is determined specifically for

each user. For example, the blood pressure is first measured at an initial time, and this

initial blood pressure determines the thresholds for unsafe state. More preferably, the

initial blood pressure is measured during one or more activity states and the unsafe state

depends on the detected activity state. The method may additionally include displaying

an alert if the alert is transmitted. For example, in the case of a patient with high blood

pressure, if the measured blood pressure (systolic or diastolic blood pressure) is higher

than a safe value, and remains high for at least 5 minutes, an alert is transmitted to the

user’s physician as well as displayed on the user’s phone.

3. A method for calibrating receivers to derive blood pressure

[0047] As shown in FIG 10, a method 300 for calibrating receivers to derive blood

pressure of a user includes: transmitting a set of signals directed towards an artery of the

user via an electromagnetic transmitter S310; collecting, at both a first electromagnetic



receiver and a second electromagnetic receiver, a first reflected signal dataset and a

second reflected signal dataset which includes the signals transmitted by the transmitter

S320; determining a time delay between the reflected signal datasets collected at the first

and second receivers S330; calculating an arterial pulse wave velocity based on the time

delay S340; deriving blood pressure of the user based on the arterial pulse wave velocity

S350; and generating calibration parameters that substantially correlate the reflected

signal dataset of the first receiver to the blood pressure S360. The method 300 functions

to calibrate a first receiver via a second receiver, thus allowing the non-invasive derivation

of blood pressure from the first receiver. The method 300 may additionally or

alternatively include collecting activity sensor data, which can be used to provide a

context for the blood pressure readings.

[0048] The preferred embodiment of method 300 includes a system as described

by system 100. A further or alternative embodiment of method 300 includes any step of

method 200 or any combination thereof.

[0049] The step transmitting a set of signals directed towards an artery of the user

via an electromagnetic transmitter S310 preferably functions to generate signals that

reflect off of the skin of the user and are then received in step S320. Preferably, the signals

are transmitted by two transmitters, each mounted with reference to one of the first and

second electromagnetic receivers, thus enabling increased precision in the reflected signal

datasets collected in S320. In another embodiment, S310 is performed by one

electromagnetic transmitter. More preferably in this embodiment, S310 includes

transmitting a set of signals at a non- zero angle relative to the line representing the

shortest distance from the transmitter to the artery of interest. Step S310 is similar to step

S210; additional variations of S310 are detailed in the discussion of embodiments of S210.

[0050] The step collecting, at both a first and a second electromagnetic receiver, a

reflected signal dataset S320 preferably functions to receive signals generated by the

electromagnetic transmitter and reflected off of the user. The timing, shape, phase and

amplitude of the received signals will be affected the arterial pulse waveform, which will

in turn enable the determination of the user’s blood pressure. In the preferred

embodiment, S320 includes collecting frequency modulated continuous wave signals. In

another embodiment, S320 includes collecting continuous wave signals. In another



embodiment, S320 includes collecting pulsed signals. Preferably, S320 includes a sub

step: mixing, filtering and performing radar signal processing on the first and second

reflected signal datasets to extract information related to the position and motion of the

target body region of the user such as the arterial pulse waveform. S320 can include

sampling the reflected signal datasets. Alternatively, mixing, filtering and sign al

processing of the reflected signal datasets may occur during S330 or with any other step.

[0051] As shown in FIG 11, The step determining a time delay between the reflected

signal datasets collected at the first and second receivers S330 preferably functions to

enable the calculation of an arterial pulse wave velocity, which in turn can be used to

derive blood pressure or a proxy for blood pressure. More preferably, the time difference

represents the time for an arterial pulse wave to travel a distance along the artery

corresponding to a receiver spacing distance separating the first and second receivers.

However, the time delay may include an additional delay (positive or negative) due to the

angles at which the signals are transmitted and received. For example, if the distance

separating the first receiver from the transmitter (or the portion of the transmitter

transmitting signals for the first receiver) is different than the distance separating the

second receiver from the transmitter (or the portion of the transmitter transmitting

signals for the second receiver), then the time delay between the first and second reflected

signal datasets may differ from the pulse transit time of the arterial pulse along a distance

equivalent to the sensor spacing distance. Similarly, if the angle at which the first receiver

receives reflected signals is different than the angle for the second receiver, the time delay

may not be representative of the pulse transit time along a distance equivalent to the

sensor spacing distance. In such cases, step S340 will preferably account for the

differences.

[0052] In the preferred embodiment, S330 includes identifying a start time of an

arterial pulse waveform recorded in the reflected signal datasets. Even more preferably,

this start time is determined with the aid of one or more template arterial pulse waveform

shapes. Alternatively, this start time may be determined through any suitable method of

waveform analysis, including: frequency analysis, amplitude analysis, or filtering or

combination thereof. The start time is defined as any point along the waveform, including:

a peak, valley, rising waveform, falling waveform or any suitable location in the reflected



signal datasets. Alternatively, the start time may shift depending on the shape of

waveform being analyzed. More preferably, when the start time location determination

method changes for differing reflected signal datasets, the start time continues to

represent equivalent positions in the first and second reflected signal datasets, such that

the difference between the start times corresponds to the time delay of the arterial pulse.

[0053] The step calculating an arterial pulse wave velocity based on the time delay

S340 preferably functions to enable the derivation of blood pressure. In the preferred

embodiment, the time delay represents the pulse transit time for an arterial pulse along a

distance equivalent to the sensor spacing distance. Thus, in this embodiment, S340

includes dividing the sensor spacing distance by the time delay. Alternatively, the pulse

transit time is first calculated from the time delay. More specifically, calculating the pulse

transit time from the time delay includes an adjustment for the distance and angle that

the signals travel from the transmitter to the first and second receiver. For example, if

signals travel further from the transmitter to the second receiver (after reflecting) when

compared to the distance radar signals travel from the transmitter to the first receiver

(after reflecting), then the time delay may include an additional delay (positive or

negative) compared to the pulse transit time. Preferably, this additional delay is

calculated based on the relative locations of the receivers and transmitter. More

preferably, this additional delay is subtracted from the time delay to calculate pulse

transit time, which in turn is used to calculate arterial pulse wave velocity. Alternatively,

this additional delay is used during S350.

[0054] The step deriving blood pressure of the user based on the arterial pulse wave

velocity S350 preferably functions to translate the calculated arterial pulse wave velocity

into a blood pressure value. Pulse wave velocity has been shown to correlate with blood

pressure. Preferably, S350 includes the use of a correlation between pulse wave velocity

and blood pressure derived from one or more subjects. Alternatively, an additional sensor

is used to calibrate pulse wave velocity to blood pressure for the user. Some examples of

additional sensors include: a blood pressure meter, a photoplethysmogram sensor, an

optical sensor, or any other suitable blood pressure measurement device or combination

thereof. In another embodiment, S350 is additionally or alternatively performed through

analysis of the waveform shape of the reflected signal dataset to derive blood pressure,



including: pulse waveform analysis, frequency analysis, amplitude analysis, filtering, or

any other suitable form of signal analysis or combination thereof.

[0055] The blood pressure value is preferably two numbers: one corresponding to

systolic blood pressure and one corresponding to diastolic. Alternatively, the blood

pressure value is a single number representing some combination of systolic and diastolic

pressure—including total systolic or total diastolic pressure. In another alternative, the

blood pressure value is one or more proxy values that correlate or correspond to a relevant

blood pressure measurement. In another alternative, the blood pressure value

corresponds to a category of blood pressure. Example categories of blood pressure

include: high, low, somewhat high, somewhat low, unsafe, and normal.

[0056] The step generating calibration parameters that substantially correlate the

reflected signal dataset of the first receiver to the blood pressure S360 preferably

functions to enable the derivation of blood pressure measurements for the user. In this

embodiment, S360 is followed by a repetition of steps S310 and S320. The calibration

parameters are then used in S357: calculating the blood pressure from the reflected signal

dataset collected during the repeated step S320. In the preferred embodiment,

[0057] S357 is performed without the use of the second receiver. More preferably,

S360 includes turning off the second receiver subsequent to calibration. Alternatively,

S360 functions to increase the accuracy of the blood pressure readings by enabling an

analysis of any shifts in the reflected signal dataset relative to the blood pressure

correlation. In this embodiment, the second receiver continues to periodically collect data

and the calibration parameters are re-calculated. Preferably, changes in the calibration

parameters are tracked with reference to alternate sensor data or user input data.

[0058] Calibration parameters are preferably parameters modifying one or more

equations that translate the reflected signal dataset to a blood pressure value. The

variables of the reflected signal dataset which are preferably used as inputs in the

equations include: amplitude, frequency, Fast Fourier transform analysis results, shape,

width, derivative, or any other suitable aspect of the waveform or any combination

thereof. Alternatively, the calibration parameters are equations that translate the

reflected signal dataset to a blood pressure value.



[0059] Method 300 may additionally include a step S305: mounting the first and

second electromagnetic transmitters and first and second electromagnetic receivers to the

user at a known stand-off distance. S305 functions to fix the first and second transmitters

and receivers to the user as well as to offset the first and second transmitters and receivers

at a known stand-off distance from a point of interest on the user. This stand-off enables

the user’s skin overlaying the artery to move relative to the transmitters and receivers; it

also enables the target body region to be maintained outside of the reactive near-field of

the electromagnetic transmitters and receivers - thus preventing unpredictable

performance. In the preferred embodiment, the stand-off distance prescribed by the

stand-off mechanism is between 1 and 20 millimeters. Even more preferably, the stand

off distance is between 4 and 14 millimeters. In an alternative embodiment, the stand-off

distance is distinct for each transmitter and receiver.

[0060] In one embodiment, S305 additionally functions to fix the first and second

electromagnetic receivers at a known spacing distance apart preferably, the spacing

distance is greater than 0.25 centimeters. Even more preferably, the spacing distance is

greater than 1centimeter.

[0061] In one embodiment, S305 includes mounting the first and second receivers

to the user with a wristband. Alternatively, S305 includes the use of: Velcro, straps,

adhesive, and/or silicone. In a preferred embodiment, S305 includes mounting to a

separate device which is mounted to the user. More preferably, S305 includes mounting

the electromagnetic transmitters and electromagnetic receivers to a wearable fitness

device. Alternatively, S305 includes mounting to an exercise machine and enabling

temporary mounting to a user.

[0062] Embodiments of the system and/ or method can include every combination

and permutation of the various system components and the various method processes,

wherein one or more instances of the method and/or processes described herein can be

performed asynchronously (e.g., sequentially), contemporaneously (e.g., concurrently, in

parallel, etc.), or in any other suitable order by and/or using one or more instances of the

systems, elements, and/or entities described herein. Components and/or processes of the

following system and/ or method can be used with, in addition to, in lieu of, or otherwise

integrated with all or a portion of the systems and/or methods disclosed in the



applications mentioned above, each of which are incorporated in their entirety by this

reference.

[0063] As a person skilled in the art will recognize from the previous detailed

description and from the figures and claims, modifications and changes can be made to

the preferred embodiments of the invention without departing from the scope of this

invention defined in the following claims.



CLAIMS

1. A system for evaluating cardiovascular-related parameters of a user, the system

comprising:

an electromagnetic transmitter for transmitting a signal towards a target body

region on a user;

an electromagnetic receiver for receiving reflected energy from said target body

region;

a processor for evaluating cardiovascular-related parameters of the user based on

the received reflected energy;

an enclosure for housing the electromagnetic transmitter and the electromagnetic

receiver; and

a stand-off mechanism for positioning antenna subsystems of the electromagnetic

transmitter and the electromagnetic receiver to be outside of a reactive near-field

with respect to the target body region.

2. The system of claim l , wherein the stand-off mechanism further positions the

enclosure such that the enclosure substantially avoids perturbing the physiology of the

target body region.

3. The system of claim 1, further comprising an attachment mechanism adaptable to

position the enclosure proximal to the target body region, and wherein the attachment

mechanism substantially maintains position of the enclosure relative to the target body

region.

4. The system of claim 1, wherein a guiding structure is arranged between at least one

of the group consisting of the electromagnetic transmitter and the target body region, the

electromagnetic receiver and the target body region, or both of the electromagnetic

transmitter and receiver and the target body region, to influence at least one property of

the received reflected energy.

5. The system of claim 1, wherein the processor is operable between:

a calibration mode, wherein the processor receives a set of input parameters based

on measured cardiovascular parameters of a user from a calibration sensor, and

outputs a set of calibration parameters; and



an operating mode, wherein the processor is configured to generate a blood

pressure dataset based on the received reflected energy and a set of calibration

parameters.

6. The system of claim 1, wherein the system further comprises an activity sensor for

detecting an activity state of the user, and wherein the processor is configured to generate

a contextualized blood pressure dataset based on the activity state.

7. A method for evaluating cardiovascular-related parameters of a user, the method

comprising:

transmitting a signal towards a target body region on a user with an

electromagnetic transmitter;

receiving reflected energy from said target body region with an electromagnetic

receiver;

generating a set of calibration parameters based on a received set of measured

cardiovascular parameters of a user from a calibration sensor; and

generating a blood pressure dataset based on the received reflected signal and a set

of calibration parameters.

8. The method of claim 7, further comprising turning off the calibration sensor after

generating the set of calibration parameters.

9. The method of claim 7, further comprising:

detecting an activity state of the user with an activity sensor;

determining an activity state category corresponding to the detected activity state;

and

labeling a blood pressure in the blood pressure dataset based on the activity state

category.

10. A method for non-invasively generating a contextualized blood pressure dataset

for a user, the method comprising:

transmitting a signal towards a target body region on a user with an

electromagnetic transmitter;

receiving a reflected signal from said target body region with an electromagnetic

receiver;



generating a set of calibration parameters based on a received set of measured

cardiovascular parameters of a user from a calibration sensor, wherein the

calibration parameters substantially correlate a reflected signal dataset of the

electromagnetic receiver to the measured cardiovascular parameters from the

calibration sensor;

detecting an activity state of the user with an activity sensor, wherein the activity

state is detected at substantially the same time as the reflected signal dataset; and

generating a contextualized blood pressure dataset based on the activity state.

11. The method of claim 10, further comprising turning off the calibration sensor after

generating the set of calibration parameters.

12. The method of claim 10, further comprising:

determining an activity state category corresponding to the detected activity state;

labeling a blood pressure in the contextualized blood pressure dataset based on the

activity state category.

13. The method of claim 10, further comprising:

setting an activity threshold value and a time duration threshold, such that if the

activity state is below the activity threshold value for a duration greater than the

time duration threshold, the activity state category is set to rest; and

generating a set of calibration parameters if the activity state category is set to rest.

14. The method of claim 10, further comprising:

transmitting an alert if a blood pressure in the contextualized blood pressure

dataset is outside of a predetermined blood pressure threshold.

15. A method for non-invasively determining blood pressure of a user, the method

comprising:

transmitting a signal towards a target body region on a user with an

electromagnetic transmitter;

receiving a first reflected signal at a first electromagnetic receiver and a second

reflected signal at a second electromagnetic receiver, wherein the antenna

subsystems of the first and second electromagnetic receivers are separated by a

receiver spacing distance;

determining a time difference between the first reflected signal and the second

reflected signal;



determining a blood pressure of the user based on the time difference and the

receiver spacing distance; and

generating a set of calibration parameters, wherein the calibration parameters

substantially correlate the first reflected signal to the blood pressure.

16. The method of claim 15, wherein determining the time difference includes

determining a start time on the first reflected signal and a start time on the second

reflected signal.

17. The method of claim 15, wherein determining a blood pressure of the user based

on the time difference and the receiver spacing distance includes determining a pulse

wave velocity.

18. The method of claim 15, further comprising:

detecting an activity state of the user with an activity sensor; and

generating a contextualized blood pressure dataset based on the activity state.
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