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(57) Abstract: A blood pressure and cardiac monitoring sys-
tem includes a sensing assembly, which comprises a first
sensor (102a) located at a first axis of atarget generating a
first time-dependent motion waveform (302) representative of
one or more contractile properties of the target's heart and a
second sensor (102b) located at a second axis of the target
generating a second time dependent motion waveform (304).
The processor is configured to determine a first time differ-
ence between avital sign present in the first time dependent
motion waveform and the second time dependent motion
waveform. A third sensor (102c) located either at the first or
the second axis of the target generates athird time dependent
waveform (300) representative of the electrical potential due
to the depolarization of heart muscle. At least one of the
sensors may be configured to either remove motion artifacts
(as a reference sensor) or detect attributes from the environ-
ment for providing context awareness information.
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Blood Pressure and Cardiac Monitoring System and Method Ther eof
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No.
62/319,920, filed April 8, 2016, which is incorporated herein by reference.
FIELD
[0002] This disclosure is related to heath monitoring devices, and more
particularly, to a blood pressure and cardiac monitoring system and method for
monitoring vital signs.
SUMMARY
[0003] A summary of certain embodiments disclosed herein is set forth below. It
should be understood that these aspects are presented merely to provide the reader
with a brief summary of these certain embodiments and that these aspects are not
intended to limit the scope of this disclosure. Indeed, this disclosure may encompass
avariety of aspects that may not be set forth below.
[0004] Embodiments of the disclosure related to a blood pressure and cardiac
monitoring system are described. For example, the system comprises a sensing
assembly and a processor communicatively coupled to the sensing assembly. The
sensing assembly comprises a first accelerometer located at a first axis of a target
generating a first time-dependent motion waveform representative of one or more
contractile properties of the target's heart and a second accelerometer located at a
second axis of the target generating a second time dependent motion waveform
representative of the target's blood flow. The processor configured to receive the first

time dependent motion waveform and the second time dependent motion waveform,
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and to determine a first time difference between avital sign present in the first time
dependent motion waveform and the second time dependent motion waveform.

[0005] In another embodiment, athird sensor located either along the first or the
second axis of the target generating a third time dependent waveform representative
of the electrical potential due to the depolarization of heart muscle is provided.

[0006] In yet another embodiment, a fourth sensor located along any axis of the
target is provided.

[0007] In one or more embodiments, the fourth sensor is configured to either
remove motion artifacts (as a reference sensor) or detect attributes from the
environment for providing context awareness information.

[0008] Embodiments of another disclosure relates to a sensing assembly for
monitoring vital signs includes a first sensor located a a first axis of a target
generating a first time-dependent motion waveform representative of one or more
contractile properties of the target's heart and a second sensor located at a second axis
of the target generating a second time dependent motion waveform representative of
the target's blood flow. A processor configured to receive the first time dependent
motion waveform and the second time dependent motion waveform, and to determine
a first time difference between avital sign present in the first time dependent motion
waveform and the second time dependent motion waveform.

[0009] In one or more embodiments, a housing is provided to encapsulate the

processor and the sensing assembly.
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[0010] In one or more embodiments, the processor isremotely located outside the
sensing assembly and is communicatively coupled to the sensing assembly via a

wireless network.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] These and other features, aspects, and advantages of this disclosure will
become better understood when the following detailed description of certain
exemplary embodiments is read with reference to the accompanying drawings in
which like characters represent like arts throughout the drawings, wherein:
[0012] FIG. 1illustrates ablock diagram of a blood pressure monitoring system
according to an exemplary embodiment of a disclosure;
[0013] FIG. 2 illustrates atarget with ablood pressure monitoring system of FIG.
1 placed on a sternum of the target according to a described embodiment of the
disclosure;
[0014] FIG. 3 illustrates a sensing assembly for the blood pressure monitoring
system of FIG. 1according to a described embodiment of the disclosure; and
[0015] FIG. 4 illustrates a graph of time-dependent waveforms according to an
exemplary embodiment of the disclosure.

DETAILED DESCRIPTION
[0016] One or more specific embodiments will be described below. In an effort
to provide a concise description of these embodiments, not al features of an actual
implementation are described in the specification. It should be appreciated that in the
development of any such actual implementation, as in any engineering or design

project, numerous implementation-specific decisons must be made to achieve the
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developers specific goals, such as compliance with system-related and business-
related constraints, which may vary from one implementation to another. Moreover,
it should be appreciated that such development effort might be complex and time
consuming, but would nevertheless be a routine undertaking of design, fabrication,
and manufacture for those of ordinary skill having the benefit of this disclosure.

[0017] The following description is presented to enable any person skilled in the
art to make and use the described embodiments, and is provided in the context of a
particular application and its requirements. Various modifications to the described
embodiments will be readily apparent to those skilled in the art, and the general
principles defined herein may be applied to other embodiments and applications
without departing from the spirit and scope of the described embodiments. Thus, the
described embodiments are not limited to the embodiments shown, but are to be
accorded the widest scope consistent with the principles and features disclosed herein.
[0018] As used herein, the term "electrocardiography (ECG)" refers to the
changes of the electrical potential due to the depolarization of heart muscle. R-peak
of the ECG signa can be used in the calculation of time intervals for monitoring
blood pressure (eg. RJtime interval), R-peak or Q-peak of ECG signa for
monitoring cardiac activity (e.g. pre-gjection period (PEP) and its influencing
parameters such as hormones, preload, afterload, etc.) or as the trigger to start data
measurement/analysis.  The term "seismocardiography (SCG)" refers to the
acceleration of the sternum caused by the cardiac activity of the heart while the term
"ballistocardiography (BCG)" refers to the changes in the center of mass of the body

due to blood flow or heart activity. The Jpeak of the RJ-time interval comes from
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the peak obtained from either SCG or BCG. In an example case where a tri-axis
accelerometer isused for SCG measurement, the J-peak of the SCG is labelled as J,-
peak for acceleration in the X-axis (also referred as head-to-foot axis), Jy-peak in'Y -
axis (also referred as right-left axis) and J,-peak for acceleration in the Z-axis (also
referred as dorso-ventral axis). Accelerometer signal detected on Z-axis (aso
referred as dorso-ventral axis) measures the chest movement due to heart contraction.
J,-peak can be used with ECG signa (e.g. R-J, or Q-J, time interval) to investigate
important cardiac activity such as the pre-gection period (PEP) and its influencing
parameters such as hormones, preload, afterload, etc. Accelerometer signal (detected
on X-axis (also referred as head-to-foot axis) measures the body recoil movement due
to blood flow. J -peak signifies the time where blood pumps out from the heart and
reaches the arches of Aorta blood vessel. One example will be R-J, time interval for
blood pressure monitoring. In the measurement of the time intervals, R-peak of ECG
or J,-peak of accelerometer can beused totrigger the start of measurement.

[0019] The blood pressure monitoring can also be performed solely using SCG or
accelerometers (e.g. J,-J, time interval). J-peak signifies the time where heart
contracts while J -peak signifies the time where the blood rushes through the arches
of the Aorta blood vessel. This time interval is inversely correlated to the blood
pressure. J,-peak can also be used as the trigger to start data measurement/analysis.
Ix-peak can beused in the calculation of time intervals for monitoring blood pressure
(eg. R-Xx time interval, J,-J, time interval, or J with photoplethysmogram (PPG)
signal time interval). The term "photoplethysmography (PPG)" refers to the changes

in light adsorption in blood. Depending on the position where the PPG data is taken,
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the time interval between R-peak with PPG, J-peak (from SCG) with PPG, J -peak
(from SCG) with PPG, PPG in one location with PPG in another location, can be used
to monitor blood pressure or blood flow velocity.

[0020] FIG. 1 illustrates an exemplary embodiment of a blood pressure
monitoring system 100. The system 100 can be either removably worn by a target,
i.e. apatient, applied to, or placed a a sternum of the target and configured to either
continuously, semi-continuously, or synchronously detected at least one signa. In
some embodiments, the system 100 can be implanted into the target. In another
embodiment, the system 100 can be integrated into aclient device either worn by the
target, applied to, or positioned placed at the sternum of the target and configured to
either continuously, semi-continuously, or synchronously detected at least one signal.
As some examples, the client device may be a patch, a neckless, a chest strap, a
pendant, or any suitable device. If the system 100 is implantable into the target, the
system 100 may be a pacemaker, or any suitable implantable device. The system 100
includes a sensing assembly 102, a processor 104, a memory 106, a communication
interface 108, and any suitable computer implemented modules communicatively
coupled to each other via abus. A housing may be provided to encapsulate at least
one or more of the sensing assembly 102, the processor 104, the memory 106, and the
communication interface 108. In one embodiment, the housing may be formed from
a thin film material that allows the target to stretch, bend, twist, squeeze, fold,
expand, or combination thereof either worn by the target, applied to, reapplied to,
removed from, or positioned placed at the sternum of the target. The memory 106

communicatively coupled to the processor 104 stores computer-readable instructions
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that, when executed by the processor 104 of the system 100, causes the system, and
more particularly the processor 104, to perform or monitor vital signs and cardiac
activity based on the detected signal transmitted by the sensing assembly 102. The
memory 106 may include any transitory, non-transitory, volatile, non-volatile,
magnetic, optical, or electrical media, such as arandom access memory (RAM), read-
only memory (ROM), non-volatile RAM (NVRAM), electrically-erasable
programmable ROM (EEPROM), flash memory, or any other digital or analog media.
The vital signs include body temperature, pulse rate, blood pressure, and respiratory
rate.

[0021] The processor 104 may be of any type, including but not limited to a
microprocessor, a microcontroller, a digital signal processor, or any combination
thereof. The processor 104 may include one or more levels of caching, such as a
level cache memory, one or more processor cores, and registers. Depending on the
desired configuration, the processor may be of any type, including but not limited to a
microprocessor (uP), a microcontroller (UC), adigital signa processor (DSP), or any
combination thereof. The processor may include one or more levels of caching, such
as a level cache memory, one or more processor cores, and registers. The example
processor cores may (each) include an arithmetic logic unit (ALU), a floating point
unit (FPU), a digital signal processing core (DSP Core), or any combination thereof.
An example memory controller may also be used with the processor, or in some
implementations the memory controller may be an internal part of the processor. The
communication interface 108 allows software and data to be transferred between a

computer system external to the system 100 and the system in the form of signals
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which may be, for example, electronic, electromagnetic, optical, or other signals
capable of being received by the communication interface. The communication
interface may be for example amodem, a network interface, acommunication port, a
PCM-CIA dot and card, or the like. The sensing assembly 102 is configured to
detect at least one or more of electrocardiogram (ECG) signal, afirst motion signal, a
second motion signal, aphotoplethysmorgram (PPG) signal, seismocardiogram signal
(SCG) and ballistocardiogram (BCG) signal. In one embodiment, the sensing
assembly 102 is a single-axis sensing assembly. In another embodiment, the sensing
assembly 102 is a double-axis sensing assembly. In yet another embodiment, the
sensing assembly 102 is amulti-axis assembly. As an example, the sensing assembly
102 includes at least one sensor device. The sensor device may be an accelerometer,
a motion sensor, an optical sensor, atransducer, a Doppler ultrasonic transducer, an
acoustic sensor, an electrode, an ECG sensor, a target orientation sensor, a sonar
sensor, a thermal sensor, an environmental sensor, and any suitable sensor or
transducer. Asan example, afirst sensor device located at afirst axis of the target for
detecting a first time-dependent motion waveform representative of one or more
contractile properties of the target's heart and a second sensor device located a a
second axis of the target for detecting a second time dependent motion waveform
representative of the target's blood flow. Additional sensors provided a a location
along any axis of the target to either remove motion artifacts (as a reference sensor)
or detect attributes from the environment for providing context awareness

information.
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[0022] The system 100 may be a wired computing system or a wireless
computing system. In one embodiment, the system 100 is a cloud computing device
which may be communicated with via the Internet, and which may be co-located or
geographically distributed, wherein shared resources, software, and information are
provided to computers and other devices on demand for example, as will be
appreciated by those skilled in the art. In another embodiment, the cloud blood
pressure system 100 may be implemented as one or more servers which may be
communicated with via the Internet. The system 100 may communicatively couple to
a computing device 122, a server 124, or a network 126 via one or more links. The
link may be wired, wireless, or combination thereof. The wireless communication
link may include cellular protocol, data packet protocol, radio frequency protocol,
satellite band, infrared channel, or any other protocol able to transmit data among
client machines. The wired communication link may include any wired line link.

[0023] Depending on the application, one or more servers may be
communicatively coupled to the computing device 122 to and the system 100. The
server 124 may be an application server, a certificate server, a mobile information
server, an e-commerce server, aFTP server, adirectory server, CMS server, aprinter
server, amanagement server, amail server, apublic/private access server, area-time
communication server, a database server, aproxy server, a streaming media server, or
the like. The client machine 122 may be apersonal computer or desktop computer, a
laptop, acellular or smart phone, atablet, apersona digital assistant (PDA), a gaming
console, an audio device, avideo device, an entertainment device such as atelevision,

avehicle infotainment, awearable device, athin client system, athick client system,
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or the like. The client machine 122 can in some embodiment be referred to as a
single client machine or a single group of client machines, while the server 124 may
be referred to as a. single server or a single group of servers. in one embodiment a
single client machine communicates with more than one server, while in another
embodiment a single server communicates with more than one client machine. 1n yet
another embodiment, a single client machine communicates with asingle server. The
network 126 can comprise one or more sub-networks, and can be installed between
any combination of the client machines 122 and the server 124. In some
embodiments, the network 126 can be for example a loca-area network (LAN), a
metropolitan area network (MAN), a wide area network (WAN), a primary network
126 comprised of multiple sub-networks located between the client machines 122 and
the server 124. Still further embodiments include the network 126 that can be any
network types such as a point to point network, a broadcast network, a
telecommunication network, adata communication network, a computer network, an
ATM (Asynchronous Transfer Mode) network, a SONET (Synchronous Optical
Network) network, a SDH (Synchronous Digita Hierarchy) network, a wireless
network, a wireline network, and the like. Depending on the application, other
networks may be used so that data exchanged between the client machine and the
server can be transmitted over the network. Network topology of the network 124
can differ within different embodiments which may include a. bus network topology,
a star network topology, aring network topology, arepeater-based network topology,
or a tiered-star network topology. Additional embodiments may include a network of

mobile telephone networks that use a protocol to communicate among mobile
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devices, where the protocol = can be for example AMPS, TDMA, CDMA, GSM,
GPRS, UMTS, LTE or any other protocol able to transmit data among mobile
devices.

[0024] FIG. 2 illustrates a target 202, such as a user or a patient, with a blood
pressure monitoring system 200 according to a described embodiment of the
disclosure. The system 200 identical to the system 100 depicted in FIG. 1is placed
on a sternum of the target and configured to continuously, semi-continuously, or
synchronously detect or monitor a least one or more of electrocardiogram (ECG)
signal, a first motion signal, a second motion signal, a photoplethysmorgram (PPG)
signal, a seismocardiogram (SCG) signal, a ballistocardiogram (BCG) signa or
environmental signal. In some embodiments, the system 200 is placed on the
sternum of the target for sensing movement of the chest wall. Since bones can
transfer the body movement due to cardiac activities with less damping effects than
muscles, the system 200 is able to detect the signal that is less affected by motion
artifacts. In another embodiment, the system 100 may be placed on any location of
the body proxima to the sternum of the target. In yet another embodiment, the
system 200 is configured to detect the time interval between heart contraction and
blood flow. Asillustrated, X-axis 204, Y-axis 206, and Z-axis 208 are provided. A
first sensor device of the system 100 located a a first axis of the target for
continuously detecting a first time-dependent motion waveform representative of one
or more contractile properties of the target's heart and a second sensor device located
at a second axis of the target for continuously detecting a second time dependent

motion waveform representative of the target's blood flow. The first axis is the

11
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dorso-ventral axis and the second axis is the head-to-foot axis. The axis can be
interchangeable between x,y, and z depending on position arrangement of the system
200. If the system 200 ispointing at X-axis 204, as illustrated in FIG. 2 the first axis
is the Z-axis 208 and the second axis isthe X-axis 204. In another embodiment, the
system 200 is pointing at Y-axis 206, the first axis is the Z-axis 208 and the second
axis is the Y-axis 206. The sensor devices may be a single-axis sensor device or a
double-axis sensor device. In another embodiment, the sensor device is a multi-axis
sensor device configured to map the resulting vector along the axis of interest, e.g. if
the multi-axis sensor device is rotated and not completed aligned with for example
the head-to-foot axis. As illustrated, the first and second sensor devices are
accelerometers.

[0025] FIG. 3 illustrates a sensing assembly 102 for the blood pressure
monitoring system 100. The sensing assembly 102 is configured to detect at least one
or more of electrocardiogram (ECG) signal, a first motion signal, a second motion
signal, a photoplethysmorgram (PPG) signal, seismocardiogram (SCG) signal and
ballistocardiogram (BCG) signal. In one embodiment, the sensing assembly 102 is a
single-axis sensing assembly. In another embodiment, the sensing assembly 102 is a
double-axis sensing assembly. In yet another embodiment, the sensing assembly 102
is amulti-axis assembly. As an example, the sensing assembly 102 includes at least
one sensor device. The sensor device may be an accelerometer, a motion sensor, an
optical sensor, a transducer, a Doppler ultrasonic transducer, an acoustic sensor, an
electrode, an ECG sensor, atarget orientation sensor, a sonar sensor, athermal sensor,

an environmental sensor, and any suitable sensor or transducer. As an example, a

12
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first sensor device located at afirst axis of the target generates a first time-dependent
motion waveform representative of one or more contractile properties of the target's
heart and a second sensor device located at a second axis of the target generates a
second time dependent motion waveform representative of the target's blood flow.
As another example, athird sensor device located at either the first or the second axis
of the target generates a third time dependent waveform representative of the
electrical potential due to the depolarization of heart muscle. In one embodiment, the
first and second sensor devices are accelerometers 102a, 102b and the third sensor
device 102c is either an electrode or aECG sensor. In another embodiment, afourth
sensor located along any axis of the target is provided and is configured to either
detect attributes from the environment for providing context awareness information or
remove motion artifacts (as reference sensor).

[0026] FIG. 4 illustrates time-dependent waveforms, ECG waveform 300, a first
motion waveform 302, and a second motion waveform 304 continuously monitored
by the blood pressure system to determine the target's vital sign, i.e. blood pressure
and cardiac activity (e.g. PEP and its influencing parameters). The ECG waveform
300, generated by the ECG sensor 102c of the sensing assembly 102 placed on the
target represents the electrical excitation of the heart, features apeak 310. The first
motion waveform 302 generated by the first accelerometer 102a of the sensing
assembly 102 represents the chest movement due to the heart contraction or the
cardiac activity of the heart. In one embodiment, the first motion waveform 302 is a
SCG waveform in the Z-axis. In another embodiment, the first motion waveform 302

is a BCG waveform in the Z-axis. The second motion waveform 304, generated by
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the second accelerometer 102b of the sensing assembly 102 represents the body recoil
movement due to the blood flow, features a peak 306. In one embodiment, the
second motion waveform 304 is a SCG waveform in the X-axis. In another
embodiment, the second motion waveform 304 is a BCG waveform in the X-axis.
The peak 310 also referred as R-peak of ECG waveform 300 may be used either in
the calculation of time intervals for monitoring blood pressure, vital signs and cardiac
activity or to trigger a start of blood pressure measurement. The peak 312 aso
referred as Q-peak of ECG waveform 300 may also be used in the calculation of time
intervals for monitoring blood pressure, vital signs and cardiac activity or to trigger a
start of blood pressure measurement. Any points along the first motion waveform
302 may beused in calculation of time intervals for monitoring blood pressure, vita
signs and cardiac activity or to trigger a start of blood pressure measurement. As an
example, the peak 314 may be used in calculation of time intervals for monitoring
blood pressure, vital signs and cardiac activity or to trigger a start of blood pressure
measurement. As another example, the peak 316 may be used in calculation of time
intervals for monitoring blood pressure, vital signs and cardiac activity or to trigger a
start of blood pressure measurement. Any points along second motion waveform
304 may be used in the calculation of time intervals for monitoring blood pressure,
vital signs and cardiac activity. As one example, the peak 306 may be used in the
calculation of time intervals for monitoring blood pressure, vital signs and cardiac
activity. In one embodiment, the time difference between the peaks 306, 310 is pulse
arrival time (PAT). In another embodiment, the time difference between any points

312 located along the ECG waveform 300 and the peak 306 of the second motion

14
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waveform 304 features the PAT. As an example, the point 312 islocated at Q. As
described previoudly, pre-gjection period (PEP) is defined between two points located
aong waveforms 300, 302. In one embodiment, J,,-peak 314 located along the
waveform 302 can be used with point Q 312 along the ECG waveform 300 to
investigate important cardiac activity such as the pre-gjection period (PEP) and its
influencing parameters such as hormones, preload, afterload, etc. In yet another
embodiment, J,2-peak 316 located along the waveform 302 can be used with point Q
312 along the ECG waveform 300 to investigate important cardiac activity such as
the pre-gection period (PEP) and its influencing parameters such as hormones,
preload, afterload, etc. In yet another embodiment, J, -peak 314 located along the
waveform 302 can be used with peak R 310 along the ECG waveform 300 to
investigate important cardiac activity such as the pre-gjection period (PEP) and its
influencing parameters such as hormones, preload, afterload, etc. In further yet
another embodiment, J,,-peak 316 located along the waveform 302 can be used with
peak R 310 along the ECG waveform 300 to investigate important cardiac activity
such as the pre-gection period (PEP) and its influencing parameters such as
hormones, preload, afterload, etc. As one embodiment, the time difference between
J,,-peak 314 of the waveform 302 and the peak 306 of the waveform 304 features
pulse transit time (PTT).

[0027] The time interval between the J,-peak of the dorso-ventra axis to the J,-
peak of the head-to-foot axis signifies the time it takes for the heart to start
contracting till the time the blood flow reaches the arches of the aorta. This J,-J, time

interval can be used to monitor blood pressure or relative blood pressure. The time
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interval can also be used to monitor other cardiovascular parameters such as arterial
stiffness, as one example.

[0028] As described above, blood pressure can be monitored by measuring the
blood flow velocity profile of two PPG signals a two different locations at the time
intervals. Alternatively, the blood flow velocity can be measured using a Doppler
ultrasonic transducer. This method uses reflection of ultrasonic irradiation of
frequency fo from the blood in any arteries, e.g. the Aorta, with additional ultrasonic
frequencies appearing in the reflected wave spectrum as sidebands at spectral position

fo+/- Af, with Af being atime-dependent function of blood velocity v(t):

Af() = Af(v) = Af(v(t))

[0029] The peak reading of Af or its amplitude Afs corresponds to the peak
velocity va of the blood gjected from the heart into the aorta, and has a correlation to
blood pressure. Afa or va corresponds to the systolic blood pressure.

[0030] The minimum reading of Af in between 2 maxima Afa, namely Afninhas a
correlation to the minimum blood velocity vmin and to blood pressure as well.  Afmin
or Vmin COrresponds to the diastolic blood pressure.

[0031] The measurement of Af can be done by synchronous demodulation of the
reflected ultrasonic signal spectrum with the center frequency f; into the base-band,
by a combination of mixing stage and low-pass filter, or any suitable FM-
demodulation technique. Phase-locked loop demodulators, ratio-detectors, and any
suitable active components, depending on the applications, may be used.

[0032] In yet another embodiment, the sensor device may be any suitable

piezoelectric or electrostatic/capacitive bending actuator or bimorph configured to
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convert an electrical carrier frequency signal a fo into an ultrasonic wave, and an
incoming ultrasonic wave spectrum is converted back to an electrical signal spectrum
for further analysis. In addition, at least one accelerometer signal can be used,
depending on the application, totrigger the ultrasonic irradiation and evaluation loop,
for cross-correlating data, and for providing context-awareness information. More
than one accelerometer of the system 200 can also be used to detect if the user is
moving or the kind of activity the user is doing, to add additional information to the
user. The additional accelerometer can also be utilized to reduce/filter motion
artifacts fromthe J, or J, data.

[0033] The embodiments described above have been shown by way of example,
and it should be understood that these embodiments may be susceptible to various
modifications and alternative forms. It should be further understood that the claims
are not intended to be limited to the particular forms disclosed, but rather to cover al
modifications, equivalents, and alternatives falling with the sprit and scope of this
disclosure.

[0034] While the patent has been described with reference to various
embodiments, it will be understood that these embodiments are illustrative and that
the scope of the disclosure is not limited to them. Many variations, modifications,
additions, and improvements are possible. More generally, embodiments in
accordance with the patent have been described in the context or particular
embodiments. Functionality may be separated or combined in blocks differently in

various embodiments of the disclosure or described with different terminology. These
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and other variations, modifications, additions, and improvements may fall within the

scope of the disclosure as defined in the claims that follow.
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What is claimed is:
1. A blood pressure and cardiac monitoring system comprising:
a sensing assembly comprising:

a first accelerometer located at a first axis of a target generating a first
time-dependent motion waveform representative of one or more contractile
properties of the target's heart; and

a second accelerometer located a a second axis of the target generating a
second time dependent motion waveform representative of the target's blood
flow; and
a processor configured to receive the first time dependent motion waveform and
the second time dependent motion waveform, and to determine:

a first time difference between a vital sign present in the first time dependent

motion waveform and the second time dependent motion waveform.

2. The blood pressure and cardiac monitoring system of claim 1 further comprising

at least one of amemory and a communication interface.

3. Theblood pressure and cardiac monitoring system of claim 1 further comprising a
third sensor located either at the first or the second axis of the target generating a
third time dependent waveform representative of the electrical potential due to the

depolarization of heart muscle.
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9.

The blood pressure and cardiac monitoring system of claim 1wherein the system

isintegrated into a client device and the processor is disposed in the client device.

The blood pressure and cardiac monitoring system of claim 1wherein the system

isintegrated into a client device and the processor is disposed in the system.

The blood pressure and cardiac monitoring system of claim 1wherein the system

isacloud computing device.

. The blood pressure and cardiac monitoring system of claim 1wherein the system

is communicatively coupled to a least one of a client device, a server, and a

network.

The blood pressure and cardiac monitoring system of claim 3 wherein the third
sensor is selected from a group consisting of an accelerometer, a motion sensor,
an optical sensor, a transducer, a Doppler ultrasonic transducer, an acoustic
sensor, an electrode, an ECG sensor, a sonar sensor, a thermal sensor, an

environmental sensor, and atarget orientation sensor.

A sensing assembly for monitoring vital signs comprising:

a first sensor located a a first axis of a target generating a first time-
dependent motion waveform representative of one or more contractile properties
of the target's heart; and

a second sensor located at a second axis of the target generating a second

time dependent motion waveform representative of the target's blood flow; and
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a processor configured to receive the first time dependent motion waveform and
the second time dependent motion waveform, and to determine:
a first time difference between a vital sign present in the first time dependent

motion waveform and the second time dependent motion waveform.

10. The sensing assembly of claim 9 further comprising athird sensor located either
a the first or the second axis of the target generating a third time dependent
waveform representative of the electrical potential due to the depolarization of

heart muscle.

11. The sensing assembly of claim 9 wherein the assembly is integrated into a client

device and the processor is disposed in the client device.

12. The sensing assembly of claim 9 wherein the assembly is a cloud computing

device.

13. The sensing assembly of clam 9 wherein the assembly is communicatively

coupled to at least one of aclient device, a server, and a network.

14. The sensing assembly of claim 10 wherein the sensor is selected from a group
consisting of an accelerometer, a motion sensor, an optical sensor, atransducer, a
Doppler ultrasonic transducer, an acoustic sensor, an electrode, an ECG sensor, a
sonar sensor, athermal sensor, an environmental sensor, and atarget orientation

Sensor.
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