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(7) ABSTRACT

A method for calibrating a blood pressure monitoring system
includes activating a reference monitor to perform a refer-
ence measurement of the blood pressure of a user as part of
a calibration process. A wearable sensing device is activated
to detect a parameter of user that is correlatable to the user’s
blood pressure. A processor of the user interface device
processes the at least one parameter detected by the wear-
able blood pressure sensing device with reference to the
reference measurement to determine a correlation factor that
correlates the at least one parameter detected by the wear-
able blood pressure sensing device to the blood pressure of
the user. The reference measurement includes an inflation
phase, a measurement phase and a deflation phase. The
processor is configured to only use the at least one parameter

A61B 5/0205 (2006.01) detected by the wearable blood pressure sensing device
A61B 5/026 (2006.01) during the measurement phase in determining the correlation
AG6IB 5/00 (2006.01) factor.
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CALIBRATION METHODS FOR BLOOD
PRESSURE DEVICES

TECHNICAL FIELD

[0001] This disclosure is related generally to health moni-
toring devices, and more particularly, to blood pressure
monitoring systems and methods for calibrating such sys-
tems.

BACKGROUND

[0002] Blood pressure (BP) is an important indicator of
cardiovascular health and other physiological conditions.
Blood pressure may be measured with conventional methods
on an infrequent basis in a medical setting. However, there
are also needs to measure blood pressure on a more frequent
basis and under various conditions outside of the medical
setting. For instance, certain blood pressure dynamics, e.g.,
the non-dipper blood pressure pattern, when a person is
sleeping, are of medical importance. Such dynamics are not
easily measurable with conventional methods. Moreover, for
example, blood pressure variations during daily activities
after certain medications are consumed may be used to
optimize medical treatments.

[0003] Conventional noninvasive methods for measuring
blood pressure include oscillometric blood pressure mea-
surement (OBPM) methods and auscultation methods using
sphygmomanometer. Both methods require the use of an
inflating cuff which can cause discomfort to the user. Other
conventional blood pressure measuring methods include
tonometry and the volume clamp method. The former
requires a trained operator while the latter is also cumber-
some and relatively obtrusive in a person’s every day
routine. As such, these conventional methods are not ideal
for blood pressure measurements on a frequent basis and
under various conditions, e.g., ambulatory blood pressure
measurements (ABPM).

[0004] Most cuff-less blood pressure (BP) monitoring
systems can only provide a relative but not absolute value.
For same applications like stress level monitoring the rela-
tive value is sufficient. However to get the absolute value a
calibration step is needed. This step must be simple and easy
to use. Different techniques are described in the following
for a convenient and less error prone calibration step.

[0005] The calibration step is very critical for a good
estimation of the absolute blood pressure value. The cali-
bration points taken with respect to a reference monitor 16
has to be as accurate and as close to the reality as possible
to reflect the current conditions of the blood pressure. Blood
pressure changes dynamically and even the reference moni-
tor such as the blood pressure cuff might not capture the
whole truth of the blood pressure value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a schematic block diagram of a blood
pressure monitoring system in accordance with the present
disclosure.

[0007] FIG. 2 is a schematic block diagram of a sensor
assembly of the blood pressure monitoring system of FIG. 1.
[0008] FIG. 3 is a schematic block diagram of a user

interface device of the blood pressure monitoring system of
FIG. 1.
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[0009] FIGS. 4-6 depict a flow chart of a calibration
procedure for the blood pressure monitoring system of FIG.
1.

[0010] FIG. 7 is a graph of an example sensor output of the
sensing device over time showing the

DETAILED DESCRIPTION

[0011] For the purposes of promoting an understanding of
the principles of the disclosure, reference will now be made
to the embodiments illustrated in the drawings and described
in the following written specification. It is understood that
no limitation to the scope of the disclosure is thereby
intended. It is further understood that the present disclosure
includes any alterations and modifications to the illustrated
embodiments and includes further applications of the prin-
ciples of the disclosure as would normally occur to a person
of ordinary skill in the art to which this disclosure pertains.
[0012] The disclosure is directed to a calibration process,
including calibration protocols, calibration methods and
algorithms for calibrating non-invasive, cuff-less blood pres-
sure devices. The calibration process enables an accurate
estimation of blood pressure values based on reference
blood pressure measurements from a reference monitor 16,
such as a cuff-based sphygmomanometer. The process of
calibration can range from fully automatic to semi-manual to
manual calibration protocols. A fully automatic calibration
procedure does not require specialist knowledge or interac-
tion from the user whereas semi-manual or manual calibra-
tion procedures allow the user to double check the reason-
ableness of the calibration points and the user can take action
to assure that the calibration is performed under control
conditions (e.g. no movements, correct placement of refer-
ence monitor 16, etc.)

[0013] FIG. 1is a schematic depiction of a blood pressure
monitoring system 10 in accordance with the present dis-
closure. The blood pressure monitoring system 10 includes
awearable blood pressure sensing device 12, a user interface
device 14 and a reference monitor 16. The wearable blood
pressure sensing device 12 is a device that is configured to
be attached or held in place on a user’s body at a location to
detect a physical parameter of the user’s body that can be
correlated to blood pressure. An embodiment of a wearable
blood pressure sensing device 12 is depicted in FIG. 2. As
depicted, the wearable blood pressure sensing device 12
includes a housing 18, a sensor assembly 20, a processor 22,
a memory 24 and a communication interface 26.

[0014] The housing 18 may be provided to encapsulate at
least one or more of the sensing assembly 20, the processor
22, the memory 24, and the communication interface 26. In
one embodiment, the housing 18 may be formed from a thin
film material that allows the target to stretch, bend, twist,
squeeze, fold, expand, or combinations thereof and may be
either worn by the user, adhered to the user’s body, or
implanted into the user’s body. As some examples, the
wearable blood pressure sensing device 12 may be a patch,
a necklace, a chest strap, a pendant, or any suitable device.
[0015] The sensor assembly 20 is configured to detect at
least one parameter of the user that can be correlated to
blood pressure. The sensor assembly 20 may utilize any
suitable type of sensor or device to detect the at least one
parameter. In one embodiment, the sensor assembly 20
includes at least one accelerometer which is configured to
detect a mass transit time related to blood flow in the user’s
circulatory system (explained in more detail below). As used
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herein, the term “Mass Transit Time (MTT)” refers to the
time interval between the start of the blood ejection from the
heart to the time where blood turns at the arches of the aorta
or any other specific locations where the change in the blood
flow can be detected. Tt is not a pulse transit time because not
the pulse is detected but the transit of the mass of blood and
the resulting impulse of the mass movement to the torso of
the body. Therefore, it is called mass transit time and not
pulse transit time. Other start and end events can also be
used to measure MTT.

[0016] For more details regarding mass transit time, ref-
erence is made to U.S. patent application Ser. No. 15/834,
686 to Yee et al. entitled “Blood Pressure and Cardiac
Monitoring System and Method Thereof”, the disclosure of
which is hereby incorporated herein in its entirety. In addi-
tion to mass transit time, the sensor assembly 20 may
include at least one sensor, such as an accelerometer, for
detecting heart rate of the user. In this embodiment, the
blood pressure sensing device 12 may be configured as a
patch which is applied to the sternum of the user. Since
bones can transfer the body movement due to cardiac
activities with less damping effects than muscles, the sensor
assembly 20 is able to detect the signal that is less affected
by motion artifacts. In another embodiment, the sensor
assembly 20 may be placed on any location of the body
proximal to the sternum of the target. In yet another embodi-
ment, the sensor assembly 20 is configured to detect the time
interval between heart contraction and blood flow. In alter-
native embodiments, the sensor assembly 20 may be con-
figured to detect any parameter that maybe correlated to
blood pressure, such as electrocardiogram (ECG) sensors,
photoplethysmorgram (PPG) sensors, seismocardiogram
sensors (SCG), ballistocardiogram (BCG) sensors, motion
sensors, optical sensors, transducers, Doppler ultrasonic
transducers, radar, acoustic sensors, electrodes, an ECG
sensor, a target orientation sensor, a sonar sensor, a thermal
sensor, an environmental sensor, or any suitable sensor or
transducer

[0017] The sensor assembly 20 is configured to output
sensor signals indicative of mass transit time and heart rate
to the processor. The processor 22 may be of any type,
including but not limited to a microprocessor, a microcon-
troller, a digital signal processor, or any combination
thereof. The processor 22 is communicatively coupled to the
memory which is used by the processor 22 to store data, such
as computer-readable instructions that, when executed by
the processor, causes the processor 22 to control the sensor
assembly 20 and communication interface in accordance
with the calibration methods and procedures described
herein. The memory 24 may include any transitory, non-
transitory, volatile, non-volatile, magnetic, optical, or elec-
trical media, such as a random 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.

[0018] The communication interface 26 enables data to be
transferred between the processor 22 and the user interface
device 14 in the form of signals which may be, for example,
electronic, electromagnetic, optical, or other signals capable
of being received by the communication interface. The
communication interface 26 may be implemented using any
suitable hardware and/or software and may be configured to
use any suitable communication protocol. In one embodi-
ment, the communication interface comprises a wireless
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transceiver configured to implement a wireless communica-
tion protocol, such as Bluetooth™. In operation, the pro-
cessor 22 is configured to receive commands from the user
interface device 14 and to send data (e.g., sensor output) to
the user interface device 14 via the communication interface.
[0019] Referring to FIG. 3, the user interface device 14
comprises a portable, handheld electronic device which is
configured to interface with the wearable blood pressure
sensing device 12 and to enable a user to interact with the
blood pressure monitoring system in meaningful ways. The
user interface device 14 may comprise a processor 28, a
memory 30, a display 32, an input device 34 and a com-
munication interface 36. The user input device 34 comprises
one or more hardware or software implemented buttons,
keys, and the like that enable the user to input data and make
selections. The processor 28 is communicatively coupled to
the memory 30 which is used by the processor 28 to store
data, such as computer-readable instructions that, when
executed by the processor, enable the processor 28 to
operatively control the display 32 and communication inter-
face 36 to implement certain steps of the calibration methods
and procedures described herein and based at least in part on
input received via the user input device. The memory 30
may include any transitory, non-transitory, volatile, non-
volatile, magnetic, optical, or electrical media, such as a
random access memory (RAM), read-only memory (ROM),
non-volatile RAM (NVRAM), electrically-erasable pro-
grammable ROM (EEPROM), flash memory, or any other
digital or analog media.

[0020] The user interface device 14 may comprise a
smartphone, tablet, laptop computer, desktop computer, or a
dedicated electronic device. In one embodiment, blood
pressure monitoring procedures and blood pressure device
calibration procedures are implemented as software appli-
cations, e.g., “apps”, on the user interface device 14. Apps
comprise programmed instructions that may be stored in the
memory and executed by the processor when selected by a
user via the input device. The communication interface 36
may be implemented using any suitable hardware and/or
software and may be configured to use any suitable com-
munication protocol, such as Bluetooth™, to enable com-
munication with the wearable blood pressure sensing device
12 and, in some embodiments, the reference monitor 16.
Other communication protocols that may be implemented
include Zigbee, 802.15.4, WiFi, NFC, Z-wave and the like.
[0021] The reference monitor 16 may be any suitable
device capable of providing accurate reference blood pres-
sure measurements, €.g., systolic and diastolic blood pres-
sure, for calibrating the blood pressure monitoring system.
For example, the reference monitor 16 may comprise a
cuff-based sphygmomanometer, a cuff-based automatic
blood pressure monitoring device, hemodynamic monitor-
ing system such as Finapres or pulse transit time monitors or
echocardiogram, or implantable blood pressure monitors.
[0022] The blood pressure monitoring system 10 may be
provided as a retro-fit system or an all-in-one system. In a
retro-fit system, the reference monitor 16 is provided as a
separate component from the wearable blood pressure sens-
ing device 12 and user interface device 14. As such, the
reference monitor 16 and the user interface device 14 are not
able to communicate or pass data without some form of
manual intervention from the user.

[0023] For a retro-fit system, the user is responsible for
getting the reference blood pressure measurements entered
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into the user interface device 14 during the calibration
process. This can be performed in different ways. For
example, the user may simply enter the blood pressure
values into the user interface device 14 via the user input
device. This is a manual implementation of calibration
process. In other embodiments, the user interface device 14
may be configured to receive the reference blood pressure
values by scanning an image taken of the reference monitor
16 by the user using a camera of the user interface device 14.
This is a semi-manual implementation of the calibration
procedure.

[0024] In an all-in-one version of the blood pressure
monitoring system, the wearable blood pressure sensing
device 12, the user interface device 14 and the reference
monitor 16 are configured to work together without requir-
ing manual intervention of the user. As such, the reference
monitor 16 includes necessary components, such as a pro-
cessor, memory, and communication interface, to enable the
reference monitor 16 to receive commands from the user
interface device 14 and to transmit reference blood pressure
measurements to the user interface device 14 for implement-
ing a fully automatic calibration procedure.

[0025] FIGS. 4-6 depict a flowchart of a calibration pro-
cedure in accordance with the present disclosure. The cali-
bration process may be initiated by a user via an input or
selection made by the user via the user input device (Start,
block 400). Once initiated, the user interface device 14 is
configured to provide instructions to the user to guide the
user through the entire calibration procedure. The instruc-
tions may be provided visually and/or auditorily. Pro-
grammed instructions for execution by the processor for
providing the instructions to the user may be stored in the
memory of the user interface device 14. As discussed below,
the procedure followed and therefore the instructions given
can vary depending on whether the system is a retro-fit
system (block 404) or an all-in-one system (406).

[0026] The first step performed after the calibration pro-
cedure has been initiated is to determine whether the user
interface device 14 is communicatively coupled, or paired,
to the wearable blood pressure sensing device 12 (block
408). For example, a pairing function in the calibration app
may be selected to start the pairing process. Depending on
the available hardware of the user interface device 14
different methods for pairing may be used, including near
field communication (NFC) (block 410), radio-frequency
identification (RFID) (block 412), code (blocks 414, 420),
button (block 416), movement (428) and the like. For NFC
and RFID, the wearable blood pressure sensing device 12 is
brought into close contact with an NFC reader or an RFID
reader, respectively, of the user interface device 14 to
automatically start the pairing process. The wearable user
interface device 14 may be provided with a barcode, or an
alphanumeric code, that can be scanned by the user interface
device 14 to initiate the pairing process. The pairing process
may be initiated by pressing a button provided on the
wearable user interface device 14. Knocking, bumping or
other synchronic movements (e.g., shaking, tapping, etc.) of
the wearable blood pressure sensing device 12 and the user
interface device 14 may be used to initiate the pairing
process. In this case, the time correlation between the
impacts or movements which are measured at both devices
is used to start the pairing. Of course, the pairing process
may be initiated automatically when the user interface
device 14 and wearable blood pressure sensing device 12 are
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powered on and/or when the wearable blood pressure sens-
ing device 12 is placed on skin.

[0027] Before or after pairing, the sensing device 12 is
placed on the body of the user. Instructions may be provided
to the user via the user interface device 14 as to where the
sensing device 12 should be placed (block 422). The refer-
ence monitor 16, e.g., the cuff, is also placed in the appro-
priate location on the user’s body (before or after pairing)
(block 422).

[0028] Referring to FIG. 5, once the sensing device 12 and
the reference monitor 16 are in place and the sensing device
12 has been paired with the user interface device 14 (which
may be confirmed by the user on the user interface device
14), calibration is initiated (block 500). Reference measure-
ments are performed during the calibration process. Each
measurement generates a calibration point. One, two or
more calibration points may be used for the calibration
procedure (as discussed below). Instructions provided on the
user interface device 14 may guide the user through the
procedure.

[0029] For the first measurement point, the user is
instructed via the user interface device 14 to perform a
certain activity which influences the blood pressure (stabi-
lizes, increases or decreases). The activity could be laying
down or sitting still to stabilize the blood pressure at a low
level or performing some activity to increase or decrease
blood pressure, such as exercising (e.g. squatting, running,
walking at a fast speed, alternating between sitting and
standing, etc.), changing positions and postures (e.g. sitting
versus lying down, sitting with head up versus sitting with
head on the lap, etc.), intake of food or drugs or hormones,
or the like.

[0030] The sensing device 12 may include sensors for
detecting and monitoring the movement of the user during
this time which can be communicated to the user interface
device 14. The user interface device 14 instructs the user to
start the measurement procedure (block 502) when prede-
termined conditions have been met (block 504). For
example, the user interface device 14 may instruct the user
to initiate the measurement procedure after a predetermined
time has elapsed or by monitoring other parameters such as
the heart rate of the user. Heart rate may be determined using
a sensor of the sensor assembly 20 of the sensing device 12
or by using a separate device or hand measurement.
[0031] For a retro-fit monitoring system (block 506), the
user interface device 14 instructs the user to activate the
reference monitor 16 to perform a reference blood pressure
measurement and to indicate the start of the reference blood
pressure measurement on the user interface device 14 (block
510). For all-in-one monitoring systems (block 508), the
user interface device 14 and reference monitor 16 are able to
communicate with each other automatically. Therefore, the
user does not need to activate the reference monitor 16
manually as the user interface device 14 can transmit
commands to the reference monitor 16 to activate the
reference monitor 16 to being a reference measurement. The
user interface device may indicate that the measurement
procedure has started (block 512).

[0032] During the measurement, the user should minimize
any movement, and hold his/her positions stationary. For
example, the positions can be either supine position or
sitting with back straight position. This should last for a
short duration (<2-10 mins) depending on the need to
achieve a desired accuracy. The position and movement of
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the user can be detected and monitored during the measure-
ment by the sensor assembly 20 of the sensing device 12. If
an incorrect position and/or too much movement is detected
during the measurement, the user interface device 14 may
instruct the user to restart the measurement step. The mea-
surement step may be aborted and/or restarted automatically
based on the sensor input or manually by the user.

[0033] The sensing device 12 continuously detects the
parameter(s) of the user correlatable to blood pressure
during and after the reference measurement. After the ref-
erence measurement has been completed, the results of the
measurement, such as systolic, diastolic blood pressure and
heart rate, must be transferred into the user interface device
14. For retro-fit systems, this can be done by the user by
manually entering the results or using a camera of the user
interface device 14 to capture an image of the results (block
514). The user interface device 14 will analyze the image
and automatically readout the results. Any suitable method
of transferring the results of the reference measurement to
the user interface device 14 may be used. This ends the
calibration process for a one calibration point measurement.
For all-in-one systems, the reference monitor 16 can auto-
matically transfer the reference measurements to the user
interface device 14 via the communication link (block 516).
[0034] In case of a two or more calibration point mea-
surement, the user interface device 14 instructs the user to
begin a subsequent reference measurement procedure. For
the subsequent reference measurement procedure, the blood
pressure of the user should be different, e.g., higher or lower,
compared to the first measurement. To accomplish this, the
user is instructed to perform a certain activity to influence
the blood pressure in a desired manner such that the user’s
blood pressure is higher or lower relative to the previous
measurement. After that, the user interface device 14
instructs the user to activate the reference monitor 16 to
perform the subsequent measurement and to indicate the
start of the subsequent measurement on the user interface
device 14. Once the reference measurement has been com-
pleted, the results of the measurement are transferred to the
user interface device 14. This process may be repeated until
a desired number of reference measurements and calibration
points have been generated.

[0035] Referring to FIG. 6, after the desired number of
calibration points has been generated, the one or more
calibration points are used by the processor of the user
interface device 14 to calculate the absolute blood pressure
based on the output of the sensors of the sensing device 12.
Programmed instructions on the user interface device 14
may be configured to cause the processor to implement a
suitable algorithm for calculating the absolute blood pres-
sure (block 600).

[0036] The algorithm can be a simple scale factor, a fitting
function, averaging or anything else. The algorithm may
also be take into consideration previous calibration results or
any kind of calibration correction factors (such as age, sex,
race, height, weight, etc.) (block 602). Calibration correction
factors may be entered by the user into the user interface
device 14 in response to queries provided to the user.
Afterwards the user interface signals to the user that the
wearable sensing device 12 is calibrated and ready to use.
[0037] When a reference blood pressure measurement is
started as indicated by the user on the user interface device
14, the user interface device 14 commands the wearable
sensing device 12 to begin transmitting sensor output to the
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user interface device 14. FIG. 7 depicts a graph showing
results of blood pressure measurements using the sensing
device over time. Although the sensing device 12 and the
reference monitor 16 measurements are started at the same
time, in reality, the reference monitor 16 takes, for example,
around 15 seconds or more to inflate the cuff. The actual
reference measurement takes place, for example, approxi-
mately 15-40 seconds after the reference monitor 16 is
activated (indicated by the shaded area in the graph of FIG.
7), at which point the cuff deflates. Depending on the
reference monitor used and the BP of the person, the actual
measurement duration can varies and the algorithm has to be
adapted accordingly. The reference measurement includes
an inflation phase, a measurement phase and a deflation
phase. The processor is configured to only use the sensor
output during the measurement phase (shaded area of graph)
in determining the correlation factor.

[0038] In addition, the blood pressure of the user during
the measurement, especially during the inflation phase, may
be more susceptible to changes depending on the event/
activity performed by the user right before the measurement
is initiated. Also nonphysical effects, such as emotional
stress, can influence the blood pressure during measurement
time. Therefore, in order to take into account the actual state
of a person’s blood pressure for high calibration accuracy,
the blood pressure calibration algorithm takes into consid-
eration the actual state of the reference monitor 16 by
omitting the sensor output of the sensing device 12 during
the inflation phase of the measurement procedure.

[0039] The time required for the reference monitor 16 to
reach a state at which the measurement is actually started
and the duration for achieving a measurement for a particu-
lar reference monitor 16 are taken into account during the
calibration process by omitting the sensor output from the
sensing device 12 during this time. The time frame required
for the reference monitor 16 to perform a measurement
depends on the cuff and on the blood pressure of the subject.
This time/duration may be entered into the user interface
device 14 by the user for use by the processor in determining
when to activate the wearable sensing device 12 and/or
when to begin monitoring the output of the sensing device
12. For all-in-one systems or automatically coupled refer-
ence monitor 16 and sensing device 12, the time duration for
the reference monitor 16 is determined automatically with-
out needing any input from the user. In addition, fitting
function and averaging methods can be used for calibration.
For example, fitting functions can include exponential func-
tions, linear functions, polynomial functions and the like
(block 604).

[0040] Next, for calibration purposes, averaging methods
or curve fitting methods are used to obtain a blood pressure
value which correlates to the value measured by the refer-
ence monitor 16. For this example, the mean of the fitted
exponential function from the duration of 15-40 seconds of
the reference measurement is calculated and this value is
used to correlate with the reference blood pressure value
from the reference monitor 16. For the first calibration point,
this mean value is called MTT 1 and the reference monitor
16 value is called BP_1. Here, MTT is Mass Transit Time
and BP is Blood Pressure or Systolic Blood Pressure (block
606). These steps may be repeated to obtain a desired
number of calibration points based on new measurements
which will be labeled MTT_2 and BP_2, MTT_3 and BP_3
and so on.
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[0041] After the calibration point’s values are collected,
another curve fitting function/algorithm is used to obtain the
correlation relationship between the sensing device 12 blood
pressure values (MTT time interval) with the blood pressure
values from the reference monitor 16 (block 608). Correla-
tion parameters may then be used to estimate/predict blood
pressure or other parameters(cardiac output, heart rate, and
the like) (block 610). The fitting function can vary from
linear regression with single parameter with constants such
as BP=a*MTT_time_interval+b, where a and b are constants
obtained from fitting, to linear regression with multiple
parameters with constants such as BP=a*MTT_time_inter-
val+b*HR+c, where HR is heart rate and a, b, and ¢ are
constants. Other parameters can also be used in replacement
or in addition to heart rate (HR), such as previous calibration
results or any kind of calibration correction factors (such as
age, sex, race, height, weight, etc.). In these examples, it has
been assumed that the parameters influence the blood pres-
sure linearly. In the case where the influence is non-linear,
other fitting methods such as exponential, power or poly-
nomial functions can be used or machine learning algo-
rithms and methods can be used.

[0042] While the disclosure has been illustrated and
described in detail in the drawings and foregoing descrip-
tion, the same should be considered as illustrative and not
restrictive in character. It is understood that only the pre-
ferred embodiments have been presented and that all
changes, modifications and further applications that come
within the spirit of the disclosure are desired to be protected.

What is claimed is:

1. A method for calibrating a blood pressure monitoring
system, the method comprising:

communicatively coupling a user interface device with a
wearable blood pressure sensing device, the wearable
blood pressure sensing device being placed on a user’s
body and configured to detect at least one parameter of
the user’s body that is correlatable to a blood pressure
of the user;

activating a reference monitor to perform a reference
measurement of the blood pressure of the user as part
of a calibration process;

using the user interface device to activate the wearable
blood pressure sensing device to detect the parameter
while the reference monitor performs the reference
measurement, the wearable blood pressure sensing
device communicating the detected parameter to the
user interface device during the reference measure-
ment;

transferring the reference measurement to the user inter-
face device after the reference measurement has been
completed; and

using a processor of the user interface device to process
the at least one parameter detected by the wearable
blood pressure sensing device with reference to the
reference measurement to determine a correlation fac-
tor that correlates the at least one parameter detected by
the wearable blood pressure sensing device to the blood
pressure of the user;

wherein the reference measurement includes an inflation
phase, a measurement phase and a deflation phase, and
wherein the processor of the user interface device is
configured to only use the at least one parameter
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detected by the wearable blood pressure sensing device
during the measurement phase in determining the cor-
relation factor.

2. The method of claim 1, wherein the at least one
parameter includes mass transit time of a blood flow of the
user.

3. The method of claim 2, wherein the wearable blood
pressure sensing device includes at least one accelerometer
for detecting the mass transit time.

4. The method of claim 2, wherein the at least one
parameter further includes a heart rate of the user.

5. The method of claim 1, wherein the reference monitor
comprises an inflatable cuff.

6. The method of claim 1, wherein the user interface
device is communicatively coupled to the reference monitor,
and

wherein the reference measurements are automatically

communicated to the user interface device by the
reference monitor when the reference measurement is
completed.

7. The method of 1, wherein the reference measurements
are manually entered into the user interface device by the
user.

8. The method of claim 1, wherein the user interface
device comprises a smartphone or a tablet.

9. The method of claim 1, wherein the user interface
device provides instructions to the user to guide the user
through the calibration process.

10. A method for calibrating a blood pressure monitoring
system, the method comprising:

communicatively coupling a user interface device with a

wearable blood pressure sensing device and a reference
monitor, the wearable blood pressure sensing device
being placed on a user’s body and configured to detect
at least one parameter of the user’s body that is corre-
latable to a blood pressure of the user, the reference
monitor being configured to measure a blood pressure
of the user;

using the user interface device to activate the reference

monitor to perform a reference measurement of the
blood pressure of the user and to activate the wearable
blood pressure sensing device to detect the at least one
parameter during the reference measurement, the at
least one parameter detected by the wearable blood
pressure sensing device being communicated to the
user interface device;

automatically communicating the reference measurement
to the user interface device from the reference monitor
after the reference measurement has been completed;
and

using a processor of the user interface device to process
the at least one parameter detected by the wearable
blood pressure sensing device with reference to the
reference measurement to determine a correlation fac-
tor that correlates the at least one parameter detected by
the wearable blood pressure sensing device to the blood
pressure of the user.
11. The method of claim 10, wherein the reference mea-
surement includes an inflation phase, a measurement phase
and a deflation phase, and

wherein the processor of the user interface device is
configured to only use the at least one parameter
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detected by the wearable blood pressure sensing device
during the measurement phase in determining the cor-
relation factor.

12. The method of claim 10, wherein the user interface
device comprises a smartphone or a tablet.

13. The method of claim 10, wherein the at least one
parameter includes mass transit time of a blood flow of the
user.

14. The method of claim 13, wherein the wearable blood
pressure sensing device includes at least one accelerometer
for detecting the mass transit time.

15. The method of claim 14, wherein the at least one
parameter further includes a heart rate of the user.

16. The method of claim 10, wherein the reference
monitor comprises an inflatable cuff.

® 0% % % %
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