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METHOD AND DEVICE FOR CONTINUOUS
BLOOD PRESSURE MONITORING AND
ESTIMATION

CROSS-REFERENCE TO RELATED
APPLICATIONS AND PRIORITY

[0001] The present application claims priority from Indian
non-provisional specification no. 3417/MUM/2015 filed on
4 Sep. 2015, the complete disclosure of which, in its entirety
1s herein incorporated by references.

TECHNICAL FIELD

[0002] The present application generally relates to blood
pressure measurement. More particularly, but not specifi-
cally, the invention provides a method and device for
continuously monitoring and estimating blood pressure of a
person using displacement signal generated by palpation of
arteries.

BACKGROUND

[0003] The blood pressure measurement is one of the
techniques to monitor the health of an individual. Typically,
blood pressure is characterized by two readings, the systolic
and diastolic blood pressures. The systolic blood pressure is
the pressure as the heart contracts and is the higher of the
two pressures. The diastolic blood pressure is the pressure
when the heart relaxes and fills with blood in preparation for
another contraction. The high blood pressure can result in
headache, vision problem, nose bleeding etc. The high blood
pressure may indicate few problems such as type IT diabetes
kidney disease or toxemia. The low blood pressure which
results in dizziness, blurred vision, fainting, which may be
an indicator to certain diseases like allergic reaction, heart
problems, shock, etc. Thus it is necessary to continuously
monitor and measure the blood pressure of a patient or a
person.

[0004] The conventional non-invasive blood pressure
measurement methods require a cuff to be fastened on a
particular part of a body, and each group of measurement
data is obtained after going through periods of inflation and
deflation of the cuff. Therefore, it is impossible to continu-
ously monitor a patient’s blood pressure without interrup-
tion. In addition to that these methods are susceptible to
noise.

[0005] Another approach for measuring blood pressure
uses a sphygmomanometer. This is one of the auscultatory
methods to measure the blood pressure. A typical sphygmo-
manometer has an occluding cuff capable of being wrapped
around a patient’s arm; a pump for inflating the cuff; either
an aneroid or mercury gravity sphygmomanometer to mea-
sure pressure in the cuff;, and a stethoscope or other system
for detecting Korotkoff sounds. Such devices are widely
used in hospitals and doctors” offices for making routine
blood pressure measurements but are not well adapted to
providing continuous blood pressure monitoring.

[0006] Another method for measuring blood pressure is
the oscillometric method. Oscillometric blood pressure mea-
surements are made by using a transducer to detect and
measure pressure waves in a pressure cuff as blood surges
through an artery constricted by the pressure cuff. Many
currently available digital blood pressure monitors use the
oscillometric method for determining blood pressure. The
oscillometric method is not ideal for continuous blood
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pressure monitoring because it typically cannot produce an
updated blood pressure reading more frequently than about
once every 30 seconds. Further, the cuff compresses under-
lying tissues. Over an extended period of time this can cause
tissue damage.

[0007] Continuous measurement of blood pressure by
means of optically based pressure transducer tips, inserted
into the blood stream using a catheter, have also been
proposed. Several other methods exist for the determination
of continuous non-invasive blood pressure monitoring.
However, none of these has been widely accepted. Problems
include susceptibility to motion, questionable accuracy, and
poor sensor locations.

[0008] Another non-invasive method of estimating the BP
from the physiological signal is using multimode approach.
For example, acquire more than one signal like ECG and
PPG or ECG and PCG or PCG and PPG. Here we have to
use multiple sensor, which is an cumbersome method and
less accuracy

[0009] In addition to those, cuff-based methods may not
vield representative blood pressure during sleep as repeated
inflations induce arousal reactions, leading to non-represen-
tative overestimated BP values. Therefore, the development
of novel technologies that reduce the recurrent use of
pneumatic cuffs is clearly justified.

[0010] The above-mentioned prior art lacks the advan-
tages of a continuous blood pressure monitoring system that
is capable of being worn for continual periods, whilst
offering the patient complete mobility.

SUMMARY

[0011] Embodiments of the present disclosure present
technological improvements as solutions to one or more of
the above-mentioned technical problems recognized by the
inventors in conventional systems.

[0012] The present application provides a processor
implemented method for continuously monitoring and esti-
mating blood pressure of a person. A displacement generated
by the palpation of an artery of the person is sensed using a
piezoelectric sensor. The displacement signal is then ampli-
fied, filtered to generate a processed displacement signal.
The processed displacement signal is then sent as a first
input to a processor. A set of parameters are provided as a
second input to the processor. The set of parameters include
at least one of a mean radius of the artery, a radius at zero
mmHg, a viscoelastic damping parameter, an elasticity of
the artery and a thickness of wall of the artery. A blood
pressure waveform is then generated by the processor as an
output using the set of parameters and the processed dis-
placement signal. Finally, the processor estimates a systolic
blood pressure and a diastolic blood pressure using a maxi-
mum and minimum values of the blood pressure waveform.
[0013] According to another embodiment, the invention
also provides a processor implemented method where the
continuous monitoring and estimation of the blood pressure
is personalized specific to the person. In this method, the set
of parameters are estimated using a medical history related
to systolic and diastolic blood pressure of the person and the
processed displacement signal. The viscoelastic damping
parameter, the mean radius of the artery and the radius at
zero mmHg are then optimized by the processor using a
heuristic optimization technique. A blood pressure wave-
form is then generated by the processor as an output using
the optimized viscoelastic damping parameter, the opti-
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mized mean radius of the artery and the optimized radius at
zero mmHg, the elasticity of the artery, the thickness of the
wall of the arteries, and the processed displacement signal.
Finally, the processor estimates a systolic blood pressure and
a diastolic blood pressure using a maximum and minimum
values of the blood pressure waveform.

[0014] According to an embodiment, the invention also
provides a device for continuous monitoring and estimation
of the blood pressure of the person. The device includes a
strap worn by the person, a piezoelectric sensor, a user
interface and a processor. The piezoelectric sensor is present
on the strap. The piezoelectric sensor senses a displacement
signal generated by the palpation of an artery of the person.
The user interface provides a set of parameters. The set of
parameters include at least one of a mean radius of the artery,
aradius at zero mmHg, a viscoelastic damping parameter, an
elasticity of the artery and a thickness of wall of the artery.
The processor performs the step as mentioned in the above
paragraph to estimate the systolic and the diastolic blood
pressure of the person for both the generalized and person-
alized case.

[0015] Inanother embodiment, a non-transitory computer-
readable medium having embodied thereon a computer
program for continuously monitoring and estimating blood
pressure of a person has also been provided. A displacement
generated by the palpation of an artery of the person is
sensed using a piezoelectric sensor. The displacement signal
is then amplified, filtered to generate a processed displace-
ment signal. The processed displacement signal is then sent
as a first input to a processor. A set of parameters are
provided as a second input to the processor. The set of
parameters include at least one of a mean radius of the artery,
aradius at zero mmHg, a viscoelastic damping parameter, an
elasticity of the artery and a thickness of wall of the artery.
A blood pressure waveform is then generated by the pro-
cessor as an output using the set of parameters and the
processed displacement signal. Finally, the processor esti-
mates a systolic blood pressure and a diastolic blood pres-
sure using a maximum and minimum values of the blood
pressure waveform.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The foregoing summary, as well as the following
detailed description of preferred embodiments, are better
understood when read in conjunction with the appended
drawings. For the purpose of illustrating the invention, there
is shown in the drawings exemplary constructions of the
invention; however, the invention is not limited to the
specific methods and devices disclosed. In the drawings:
[0017] FIG. 1 shows a block diagram illustrating a blood
pressure monitoring and estimating device attached to the
wrist of a person in accordance with an embodiment of the
invention;

[0018] FIG. 2 shows a schematic diagram illustrating
various parts of the blood pressure monitoring and estimat-
ing device in accordance with an embodiment of the inven-
tion;

[0019] FIG. 3 shows a flow chart illustrating steps
involved in blood pressure monitoring and estimation for a
person in accordance with an embodiment of the invention;
and

[0020] FIG. 4 shows a flow chart illustrating steps
involved in blood pressure monitoring and estimation for
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individualized monitoring of the person in accordance with
an embodiment of the invention.

[0021] The Figures depict various embodiments of the
present invention for purposes of illustration only. One
skilled in the art will readily recognize from the following
discussion that alternative embodiments of the structures
and methods illustrated herein may be employed without
departing from the principles of the invention described
herein.

DETAILED DESCRIPTION OF THE
INVENTION

[0022] Some embodiments of this invention, illustrating
all its features, will now be discussed in detail.

[0023] The words “comprising,” “having,” “containing,”
and “including,” and other forms thereof, are intended to be
equivalent in meaning and be open ended in that an item or
items following any one of these words is not meant to be
an exhaustive listing of such item or items, or meant to be
limited to only the listed item or items.

[0024] It must also be noted that as used herein and in the
appended claims, the singular forms “a,” “an,” and “the”
include plural references unless the context clearly dictates
otherwise. Although any systems and methods similar or
equivalent to those described herein can be used in the
practice or testing of embodiments of the present invention,
the preferred, systems and methods are now described. In
the following description for the purpose of explanation and
understanding reference has been made to numerous
embodiments for which the intent is not to limit the scope of
the invention.

[0025] One or more components of the invention are
described as module for the understanding of the specifica-
tion. For example, a module may include self-contained
component in a hardware circuit comprising of logical gate,
semiconductor device, integrated circuits or any other dis-
crete component. The module may also be a part of any
software programme executed by any hardware entity for
example processor. The implementation of module as a
software programme may include a set of logical instruc-
tions to be executed by a processor or any other hardware
entity.

[0026] The disclosed embodiments are merely exemplary
of the invention, which may be embodied in various forms.
[0027] Method steps of the invention may be performed
by one or more computer processors executing a program
tangibly embodied on a computer-readable medium to per-
form functions of the invention by operating on input and
generating output. Suitable processors include, by way of
example, both general and special purpose microprocessors.
Generally, the processor receives (reads) instructions and
data from a memory (such as a read-only memory and/or a
random access memory) and writes (stores) instructions and
data to the memory. Storage devices suitable for tangibly
embodying computer program instructions and data include,
for example, all forms of non-volatile memory, such as
semiconductor memory devices, including EPROM,
EEPROM, and flash memory devices; magnetic disks such
as internal hard disks and removable disks; magneto-optical
disks; and CD-ROMs. Any of the foregoing may be supple-
mented by, or incorporated in, specially-designed ASICs
(application-specific integrated circuits) or FPGAs (Field-
Programmable Gate Arrays). A computer can gererally also
receive (read) programs and data from, and write (store)
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programs and data to, a non-transitory computer-readable
storage medium such as an internal disk (not shown) or a
removable disk.

[0028] The present application provides a method for
continuously monitoring and estimating blood pressure of a
person. A displacement generated by the palpation of an
artery of the person is sensed using a piezoelectric sensor.
The displacement signal is then amplified, filtered to gen-
erate a processed displacement signal. The processed dis-
placement signal is then sent as a first input to a processor.
A set of parameters are provided as a second input to the
processor. The set of parameters include at least one of a
mean radius of the artery, a radius at zero mmHg, a vis-
coelastic damping parameter, an elasticity of the artery and
a thickness of wall of the artery. A blood pressure waveform
is then generated by the processor as an output using the set
of parameters and the processed displacement signal.
Finally, the processor estimates a systolic blood pressure and
a diastolic blood pressure using a maximum and minimum
values of the blood pressure waveform.

[0029] According to another embodiment, the invention
also provides a method where the continuous monitoring
and estimation of the blood pressure is personalized specific
to the person. In this method, the set of parameters are
estimated using a medical history related to systolic and
diastolic blood pressure of the person and the processed
displacement signal. The viscoelastic damping parameter,
the mean radius of the artery and the radius at zero mmHg
are then optimized by the processor using a heuristic opti-
mization technique. A blood pressure waveform is then
generated by the processor as an output using the optimized
viscoelastic damping parameter, the optimized mean radius
of the artery and the optimized radius at zero mmHg, the
elasticity of the artery, the thickness of the wall of the
arteries, and the processed displacement signal. Finally, the
processor estimates a systolic blood pressure and a diastolic
blood pressure using a maximum and minimum values of
the blood pressure waveform.

[0030] According to an embodiment of the present inven-
tion, a device 100 for monitoring and estimating blood
pressure of a person is shown in FIG. 1. The device 100 is
configured to continuously monitor the blood pressure of the
person using a non-invasive technique. The device senses
and analyzes pressure transmission properties from the
radial artery of the person, thereby estimating other charac-
teristics, such as a diastolic pressure, a systolic pressure, a
mean blood pressure of the person. The device 100 is
continuously monitoring the arterial pulse palpation in a
non-invasive manner to estimate the blood pressure of the
person.

[0031] According to an embodiment of the present inven-
tion, the device 100 includes a strap 102, a piezoelectric
sensor 104 present on the strap 102, a user interface 106, a
display screen 108, a processor 110 and a signal processing
module 112 as shown in FIG. 1. The processor 110 is
electronically coupled with the user interface 106 and the
display screen 108 through a wired or a wireless medium.
The signal processing module 112 is configured to take input
from the piezoelectric sensor 104 to generate a processed
displacement signal. The processor 110 is configured to
receive the processed displacement and the set of parameters
from the user interface 106 to estimate the blood pressure
and display it on the display screen 108. It should be
appreciated that in another embodiment, the display screen
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108 and the user interface 106 are the same. i.c., the display
screen 108 can be converted in to the user interface 106 and
used to provide the input. The display screen 108 can be a
touch screen or any other type of display screen available in
the market.

[0032] Normally, the strap 102 is worn by the person on
the wrist as shown in FIG. 1. The piezoelectric sensor 104
is attached to the strap 102 in such a way that the piezo-
electric sensor 104 can easily sense the pulse palpation
signal from the person’s body. In a person, the palpation
signal are generated at an average of 72 palpations per
minute. Thus the measurement of arterial palpation and
blood pressure estimation corresponding to the palpation
results in continuous monitoring and estimation of the blood
pressure of the person. Arterial pulse palpation signal can be
accurate at various places in the human body, however for
continuous monitoring of the pulse and the blood pressure
an adequate position has to be adapted. In an embodiment of
the invention, the strap 102 is present on the wrist of the
person. To be more precise, the region of interest includes
1-5 cm below the dorsal side of the styloid process landmark
on the surface of the wrist. Though it should be appreciated
a person having original skill in the art can easily design the
device 100 in such a way that the strap 102 can also be worn
by the person at any other part of the body such as leg, arms
etc. It should also be appreciated the device 100 can also be
implement in any other form other than the strap arrange-
ment.

[0033] According to an embodiment of the invention, an
exploded view of the device 100 for monitoring and esti-
mating the blood pressure shown in FIG. 2. The figures
shows the device 100 including a screw 114, an upper cover
116, a lower cover 118 and the processor 110 which can be
fitted between the upper cover 116 and the lower cover 118.
The strap 102 also include the piezoelectric sensor 104.
[0034] The piezoelectric sensor 104 senses a displacement
signal corresponding to a displacement generated by the
palpation of an artery of the person. The cardiovascular
system of human body pumps blood into the arteries pul-
satile during each systole and creates a displacement wave
throughout the arterial tree. The displacement signal is sent
as a first input to the processor 110.

[0035] The processor 110 is also configured to receive a
set of parameters. The set of parameters act as a second input
to the processor 110. The set of parameters include at least
one of a mean radius of the artery, a radius at zero mmHg,
a viscoelastic damping parameter, an elasticity of the artery
and a thickness of wall of the artery. The set of parameters
are derived from a set of standard references present in the
prior art literature.

[0036] The derivation of the set of parameters from the
standard literature makes the device 100 suitable for general
application. The device 100 can be used with any person
irrespective of other parameters related to the person such as
age, health etc. of the person. The set of parameters are
varied with respect to a variance (10% of the mean) and the
mean of the set of parameters estimated from the standard
literature. It should be appreciated that the set of parameters
are provided using the user interface 106. In another
embodiment, it the set of parameters are pre-fed in the
processor 110.

[0037] According to another embodiment of the invention,
the device 100 can be personalized for individualized moni-
toring of the person. A medical history related to the blood
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pressure of the person is provided to the processor 110. To
be more specific, an initial systolic and diastolic blood
pressure values are provided to the processor. The initial
systolic and diastolic values can be measured using existing
blood pressure monitoring device prior to using the device
100. The initial systolic and diastolic values can also be
taken from the medical history of the person. The medical
history related to the systolic and diastolic blood pressure of
the person is used to calculate the set of parameters specific
to the person. The mean radius of the artery (R,,,.,), the
radius of artery at zero mmHg (R,,), the viscoelastic damping
parameter (v), the elasticity of the blood vessel (H,) and the
thickness of the wall of the artery are calculated specifically
for the person. In an example, the medical history related to
the blood pressure of the person is provided using the user
interface 106. In another example, medical history related to
the blood pressure of the person can be provided as input
using any other means such as during the registration
process of a person in the health care facility. In another
example, the medical history related to the blood pressure of
the person can be programmed using a cloud software
update.

[0038] The processor 110 includes a plurality of modules
for performing various functions. The plurality of modules
include modules such as a signal processing module 112, a
receiving module (not shown), an optimization module (not
shown), etc. The signal processing module 112 may further
include a pre-amplifier and a filter (not shown).

[0039] The processor 110 makes use of a predefined model
for the estimation of the blood pressure of the person. The
model is used for monitoring the blood pressure of the
person using a “constitutive model” of the radial artery and
surrounding tissues. The model is governed by the set of
parameters as defined above. In another embodiment the
model may also consider few other parameters in addition to
the set of parameters.

[0040] According to an embodiment of the invention, the
constitutive model may include a mathematical model of a
voight-type viscoelastic cylinder. This model has been fre-
quently used in the art for modelling an artery. The math-
ematical model of a voight-type viscoelastic cylinder is used
to model the radial artery at the region of interest. The region
of interest includes 1-5 cm below the dorsal side of the
styloid process landmark on the surface of the wrist. The
model is governed by the set of parameters. The set of
parameters include the mean radius of the artery (R,,,.,,,), the
radius of artery at zero mmHg (R,), the viscoelastic damping
parameter (), the elasticity of the blood vessel (H,) and the
thickness of the wall of the artery or cylindrical structure
under consideration. Normally, the elasticity of the blood
vessel varies with respect to state of the cardiac cycle of the
person.

[0041] In an embodiment of the invention, few of the set
of parameters are estimated from the standard literature in
the art, while others are estimated using the model. In
another embodiment the set of parameters are estimated for
individualized monitoring of the person. The mean radius of
the artery (R,,,,,) the radius of artery at zero mmHg (R,) and
the elasticity of the blood vessel are estimated from the prior
art. These parameters are varied with respect to a variance
(10% of the mean) and the mean of the set of parameters
estimated from the standard literature. The estimation of the
viscoelastic damping parameter (y), the elasticity of the
blood vessel (H,) are done using the model. The model is

Mar. 9, 2017

configured to relate the pressure inside the artery to the
external pressure applied. The model further configured to
use a Monte-Carlo sampling methodology to infer the maxi-
mum likely value of the parameters given a ground truth
systolic pressure.

[0042] According to an embodiment of the invention, the
set of parameters need to be optimized before providing
them as the input to the model. In an example, a genetic
optimization algorithm can be used to optimize the set of
parameters. It should be appreciated that the use of any other
optimization technique such heuristic optimization approach
is well within the scope of this invention.

[0043] Inthe genetic optimization algorithm, a unique cost
function is minimized to optimize the set of parameters. The
mode] uses the genetic optimization algorithm for the opti-
mization of viscoelastic damping parameter, which governs
the damping caused by the surrounding tissues on the radial
artery pulse waveform. The model further uses the genetic
optimization algorithm for the optimization of the mean
radius (R,,,_,,) around which radial artery is pulsating at the
location 2-4.5 cm below the thumb-region 3-5 cm proximal
to the flexor carpi radialis. The model further uses the
genetic optimization algorithm for the optimization of the
radius at zero mmHg (R,) which is used for finding the
parameter A, in the equation around which radial artery is
pulsating at the location 2-4.5 cm below the thumb-region
3-5 cm proximal to the flexor carpi radialis. The optimized
values which are calculated for the viscoelastic damping
parameter, the mean radius and the radius at zero mmHg are
assumed to vary in the physiological range randomly around
a mean with a particular variance. The blood pressure value
is then estimated with respect to a certain confidence level
using the proposed mathematical model.

[0044] The model also used the genetic algorithm for L1
minimization of the multi-objective fitness function. In the
model, the Gaussian distribution for each of the parameters
under consideration and inferred the maximum likely pres-
sure from the sampled waveform. As the relationship
between the input and output wave was nonlinear and
different parameters can be fitted to different type of Gauss-
ians with or without skewness inference problem is not
trivial.

[0045] According to an embodiment of the invention, the
device 100 also considers the present condition of the person
and various other scenarios. The device 100 can take into
consideration of a third set of parameters while estimating
the blood pressure. The third set of parameters include such
as the body type or the fat deposition in and around the radial
artery and surrounding tissues. In addition to this, the device
can also use the current status of the person during the blood
pressure measurement. For example, if the person is walking
or jogging or working out, depending on the current condi-
tion, the device can be manipulated to estimate the blood
pressure.

[0046] According to an embodiment of the invention, the
mode] makes use of the following formulas for the calcu-
lation of the pressure inside the artery:

dA Equation (1
P=PEX,+A£(\/X— /—AO)H_E quation (1)
0

Where
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-continued
Equation (2)

['=/2)(1/V(xAg) )

Equation (3)

(i

[0047] Wherein various symbols can be defined as fol-
lows:

[0048] P=Pressure inside the artery

[0049] P,=Pressure applied externally to the artery
[0050] A=Cross-sectional area of the artery—assuming

artery is circular

[0051] A, =Cross-sectional area of the artery at the zero
trans-mural pressure, where the trans-mural pressure is
the net pressure acting on the artery

[0052] 1=Length of the arterial segment

[0053] E=Modulus of elasticity of the artery

[0054] h=Wall thickness of the artery

[0055] y(Gamma)=Viscoelastic damping parameter or the

damping coefficient
[0056] According to an embodiment of the invention, a
generalized method for continuously monitoring and esti-
mating the blood pressure of the person is shown in the
flowchart 200 of FIG. 3. The generalized method can be
used with any person irrespective of other parameters such
as age, health etc. of the person. Initially at step 202, a
displacement generated by the palpation of an artery of the
person. A displacement signal corresponding to the displace-
ment is sensed by the piezoelectric sensor 104. In an
embodiment, the displacement signal is sensed through the
radial artery. In step 204, the displacement signal is sent to
a signal processing module 112 to generate a processed
displacement signal. The signal processing module 112 may
also include a pre-amplifier and a filter. In step 206, the
processed displacement is sent to the processor 110 as the
first input.
[0057] In the next step 208, the set of parameters are
provided to the processor 110 as the second input. The set of
parameters include at least one of the mean radius of the
artery, the radius of artery at zero mmHg, the viscoelastic
damping parameter, the elasticity of the artery and the
thickness of wall of the artery. The set of parameters are
provided using the user interface 106. In another example,
the set of parameters can also be provided using any other
means. The set of parameters are derived from a set of
standard references present in the prior art literature.
[0058] In the next step 210, the blood pressure waveform
is generated by the processor 110 using the set of parameters
and the processed displacement signal. The blood pressure
waveform is displayed on the display screen 108. And
finally, at step 212, the systolic blood pressure is estimated
by averaging all the maximum values present in every cycle
of the blood pressure waveform. Similarly, the diastolic
blood pressure is estimated by averaging all the minimum
values present in every cycle of the blood pressure wave-
form.
[0059] According to another embodiment of the invention,
a personalized method for continuously individualized
monitoring and estimating the blood pressure of the person
is shown in the flowchart 300 of FIG. 4. The personalized
method is customized based on the medical history related
to the systolic and diastolic blood pressure values of the
person. Initially at step 302, a displacement generated by the
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palpation of an artery of the person. A displacement signal
corresponding to the displacement is sensed by the piezo-
electric sensor 104. In an embodiment, the displacement
signal is sensed through the radial artery. In step 304, the
displacement signal is sent to a signal processing module
112 to generate a processed displacement signal. The signal
processing module 112 may also include a pre-amplifier and
a filter. In step 306, the processed displacement is sent to the
processor 110 as the first input. At step 306, the processed
displacement signal is sent to the processor as the first input.

[0060] In the next step 308, the medical history related to
the blood pressure of the person is provided to the processor
110. To be more specific, the systolic and diastolic blood
pressure values are provided to the processor 110. The initial
systolic and diastolic values can be measured using existing
blood pressure monitoring device prior to using the device
100. The initial systolic and diastolic values can also be
taken from the medical history of the person. In the next step
310, the set of parameters specific to the person are esti-
mated using the medical history related to the blood pressure
of the person and the processed displacement signal. The
estimated set of parameters are provided to the processor
110 as the second input. The set of parameters include at
least one of the mean radius of the artery, the radius of artery
at zero mmHg, the viscoelastic damping parameter, the
elasticity of the artery and the thickness of wall of the artery.
The set of parameters are provided using the user interface
106. In another example, the set of parameters can also be
provided using any other means.

[0061] In the next step 312, the viscoelastic damping
parameter, the mean radius of the artery and the radius at
zero mmHg are optimized by the processor 110 using a
heuristic optimization technique. The viscoelastic damping
parameter governs the damping caused by the surrounding
tissues on the radial artery displacement signal. The radius
at zero mmHg is used for finding the parameter A, in the
equation (1) around which radial artery is pulsating at the
location 2-4.5 cm below the thumb-region 3-5 cm proximal
to the flexor carpi radialis. At the next step 314, the blood
pressure waveform is generated by the processor 110. The
blood pressure waveform is displayed on the display screen
108. And finally, at step 316, the systolic blood pressure is
estimated by averaging all the maximum values present in
every cycle of the blood pressure waveform. Similarly, the
diastolic blood pressure is estimated by averaging all the
minimum values present in every cycle of the blood pressure
waveform.

[0062] According to an embodiment of the invention, the
device is also configured to estimate a systolic blood pres-
sure timing and a diastolic blood pressure timing. The
systolic blood pressure timing is estimated by measuring a
time difference between a systolic rising time and a diastolic
starting time. The diastolic blood pressure timing is esti-
mated by measuring a time difference between the diastolic
starting time to a starting point of the blood pressure
waveform.

[0063] According to an embodiment of the invention, the
device 100 can also be used in ambulatory scenarios. In the
existing blood pressure monitors, it is difficult to monitor the
blood pressure when the person is moving or when the
person is sleeping. The present device 100 is attached to the
person for the monitoring and estimation of the blood
pressure even when the person is moving or sleeping. The
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device 100 involves robust signal processing techniques to
generate a noise free displacement signal for the estimation
of the blood pressure.
[0064] According to an embodiment of the invention, the
computational efficiency of the device 100 can be controlled.
The computational efficiency can be controlled by using a
suitable number of samples during the estimation of the
blood pressure. Though by doing so, the accuracy of the
estimation of the blood pressure can be reduced.
[0065] According to an embodiment of the invention, the
method can also be generalized using a probabilistic tech-
nique. In this case, the device can be used with any person
without customizing it every time before use.
[0066] It should be appreciated the device and method can
also be used for the estimation of other parameters of the
person such as heart rate, etc. It should also be appreciated
that the device can also be implemented using Hrllasika
based wearable nadi sensor.
[0067] In view of the foregoing, it will be appreciated that
the present invention provides a method and device for the
continuous estimation of the blood pressure using palpation
signal captured from the artery. Still, it should be understood
that the foregoing relates only to the exemplary embodi-
ments of the present invention, and that numerous changes
may be made thereto without departing from the spirit and
scope of the invention as defined by the following claims.
We claim:
1. A method for continuously monitoring and estimating
blood pressure of a person, the method comprising a pro-
cessor implemented steps of:
sensing a displacement signal generated by palpation of
an artery of the person using a piezoelectric sensor;

sending the displacement signal sensed by the piezoelec-
tric sensor to a signal processing module to generate a
processed displacement signal;

sending the processed displacement signal as a first input

to the processor;
providing a set of parameters as a second input to the
processor, wherein the set of parameters include at least
one of a mean radius of the artery, a radius at zero
mmHg, a viscoelastic damping parameter, an elasticity
of the artery and a thickness of wall of the artery;

generating a blood pressure waveform as an output of the
processor using viscoelastic damping parameter, mean
radius of the artery, radius at zero mmHg, the elasticity
of the artery, thickness of the wall of the artery and the
processed displacement signal; and

estimating a systolic blood pressure and a diastolic blood

pressure using the blood pressure waveform.

2. The method of claim 1, wherein the set of parameters
are provided using a set of standard references present in the
prior art literature.

3. The method of claim 1 further includes estimating a
systolic blood pressure timing by measuring a time differ-
ence between a systolic rise time to a diastolic start time.

4. The method of claim 1 further includes estimating a
diastolic blood pressure timing by measuring a time differ-
ence between the diastolic start time to a starting point of the
blood pressure waveform.

5. The method of claim 1 further includes displaying the
blood pressure waveform on a display screen.

6. The method of claim 1, wherein the signal processing
module includes a pre-amplifier and a filter.
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7. The method of claim 1, further includes providing at
least one of body mass index (BMI) of the person. anthro-
pometric information and habits of the person to the pro-
Cessor.

8. The method of claim 1, wherein the processor further
measures the heart rate of the person.

9. The method of claim 1 further includes the step of
controlling the efficiency of the blood pressure measurement
using a predefined number of samples.

10. A method for continuously monitoring and estimating
blood pressure of a person, the method comprising:

sensing a displacement signal generated by palpation of
an artery of the person using a piezoelectric sensor;

sending the displacement signal sensed by the piezoelec-
tric sensor to a signal processing module to generate a
processed displacement signal;

sending the processed displacement signal as a first input
1o a processor;

providing a medical history related to systolic and dia-
stolic blood pressure values of the person;

estimating a set of parameters corresponding to the person
by the processor using the processed displacement
signal and the medical history related to the blood
pressure, wherein the set of parameters include at least
one of a mean radius of the artery, a radius at zero
mmHg, a viscoelastic damping parameter, an elasticity
of the artery and a thickness of wall of the artery;

optimizing the viscoelastic damping parameter, the mean
radius of the artery and the radius at zero mmHg by the
processor;

generating a blood pressure waveform as an output of the
processor using optimized viscoelastic damping param-
eter, optimized mean radius of the artery, optimized
radius at zero mmHg, the elasticity of the artery,
thickness of the wall of the artery and the processed
displacement signal; and

estimating a systolic blood pressure and a diastolic blood
pressure using the blood pressure waveform.

11. A device for continuously estimating blood pressure of

a person, the device comprising:
a strap to be worn by the person;
a piezoelectric sensor present on the strap, the piezoelec-
tric sensor sensing a displacement signal generated by
the palpation of an artery of the person;
a user interface for providing a medical history related to
systolic and diastolic blood pressure values of the
person; and
a processor configured to perform following steps,
receiving the displacement signal as a first input;
receiving the medical history related to systolic and
diastolic blood pressure values of the person as a
second input;

estimating a set of parameters using the displacement
signal and the medical history, wherein the set of
parameters include at least one of a mean radius of
the artery, a radius at zero mmHg, a viscoelastic
damping parameter, an elasticity of the artery and a
thickness of wall of the artery;

optimizing the viscoelastic damping parameter, the
mean radius of the artery and the radius at zero
mmHg using a heuristic optimization technique;

generating a blood pressure waveform as an output of
the processor using optimized viscoelastic damping
parameter, optimized mean radius of the artery, opti-
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mized radius at zero mmHg, the elasticity of the
artery and thickness of the wall of the artery; and

estimating a systolic blood pressure and a diastolic
blood pressure using the blood pressure waveform.

12. The device of claim 11 further includes a display
screen for displaying the blood pressure waveform.

13. The device of claim 11, wherein the artery is a radial
artery.

14. The device of claim 11, wherein the strap is present on
at least one of an arm or a leg or wrist of the person.

15. The device of claim 11, wherein the device is adapt-
able to be used with a moving person.

16. The device of claim 11, wherein the processor is
configured to controlling the efficiency of the blood pressure
measurement using a predefined number of samples

17. The device of claim 11, wherein the set of parameters
are optimized using a heuristic algorithmic approach.

18. The device of claim 11, wherein the device is con-
figured to share the estimated blood pressure to at least one
of a central server, a cloud or a mobile for a long term
monitoring.
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19. A non-transitory computer-readable medium having
embodied thereon a computer program for continuously
monitoring and estimating blood pressure of a person, the
method comprising:
sensing a displacement signal generated by palpation of
an artery of the person using a piezoelectric sensor;

sending the displacement signal sensed by the piezoelec-
tric sensor to a signal processing module to generate a
processed displacement signal;

sending the processed displacement signal as a first input

to the processor;
providing a set of parameters as a second input to the
processor, wherein the set of parameters include at least
one of a mean radius of the artery, a radius at zero
mmHg, a viscoelastic damping parameter, an elasticity
of the artery and a thickness of wall of the artery;

generating a blood pressure waveform as an output of the
processor using viscoelastic damping parameter, mean
radius of the artery, radius at zero mmHg, the elasticity
of the artery, thickness of the wall of the artery and the
processed displacement signal; and

estimating a systolic blood pressure and a diastolic blood

pressure using the blood pressure waveform.

L S S T



THMBW(EF)

RE(EFR)AGE)

HAT R E(ZFRR)AGE)

FRI& B A

EHA

L 5E4X

S\EReERE

BEG®)

RHT -—MERAFRAMRRELMGITNEN S EMRE, ZHESE
RN B BB P = E MM BES. RFEEEN AT AT ME(Lm
ENEERAFELREMEAN, ZERSEUBESN-ASKBENA
Ao ZASHAENKFIGRE , EEmmHGALRIFE | HEMEEE
S8, Bk EMNBBRENEE, ZAEBEERBRRMLEARK
RLSHE XA TEITRBENETKE, R EMERERE TR
PEAL BAMEAE 3t S5 U A T ARV I

ATEZmEENNGEITHTENRE

US20170065191A1 K (AE)B
US15/255643 FER
EEBARSERAE
EEBARSHRAH

JAYARAMAN SRINIVASAN
PURUSHOTHAMAN BALAMURALIDHAR
UNNI MIDHUN P

SINHA ANIRUDDHA

PAL ARPAN

RAMAKRISHNAN RAMESH KUMAR

JAYARAMAN, SRINIVASAN
PURUSHOTHAMAN, BALAMURALIDHAR
UNNI, MIDHUN P.

SINHA, ANIRUDDHA

PAL, ARPAN

RAMAKRISHNAN, RAMESH KUMAR

A61B5/021 A61B5/02 GO1L9/00 A61B5/00

patsnap

2017-03-09

2016-09-02

A61B5/02133 A61B5/7278 A61B5/02007 A61B5/743 A61B5/7225 G01L9/008 A61B5/6831 A61B5
/6824 A61B5/6828 A61B5/0022 A61B5/02108 A61B5/02116 A61B5/02125 A61B5/6802 A61B5/7203

A61B5/7235 A61B5/021 A61B5/7271

3417MUM2015 2015-09-04 IN

Espacenet  USPTO



https://share-analytics.zhihuiya.com/view/3bdbf295-55e4-4bd7-b95f-f108cdea8864
https://worldwide.espacenet.com/patent/search/family/056853525/publication/US2017065191A1?q=US2017065191A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170065191%22.PGNR.&OS=DN/20170065191&RS=DN/20170065191

