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SYSTEM AND METHOD FOR
PHYSIOLOGICAL PARAMETER
MONITORING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The application claims priority to International
Application No. PCT/CN2015/083334 filed Jul. 3, 2015,
which claims priority to Chinese Patent Application No.
201520188152.9 filed Mar. 31, 2015, the entire contents of
which are hereby incorporated by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to a system
and method applicable in health-care related areas. More
particularly, the present disclosure relates to a system and
method for blood pressure monitoring.

BACKGROUND

[0003] A traditional blood pressure measurement system,
also called sphygmomanometers, employs Korotkoff sounds
or an oscillometric method to determine blood pressure
based on the relationship of the external pressure and
magnitude of arterial volume pulsations. Such a traditional
blood pressure measurement system involves an inflatable
cuff to restrict blood flow. Various cuff-based methods work
discontinuously with an interval of some minutes or longer
between consecutive measurements. Currently, ambulatory
blood pressure measurement and home blood pressure mea-
surement are recommended by professional societies for
hypertension management and cardiovascular risk predic-
tion. However, such intermittent blood pressure measure-
ments cannot capture the dynamic state of cardiovascular
system throughout a day or even longer time period. Con-
tinuous and non-invasive blood pressure monitoring may
allow the investigation of transient changes in blood pres-
sure and thus may give insights into mechanisms of blood
pressure control. There is a need for a system and method to
monitor blood pressure continuously in a non-invasive and
cuffless way with certain accuracy.

SUMMARY

[0004] Some embodiments of the present disclosure
relates to a device including memory storing instructions,
and at least one processor. The device may be used to
calculate, estimate, or monitor the blood pressure of a
subject. When the at least one processor executing the
instructions, the at least one processor may perform one or
more of the following operations. A first signal representing
heart activity the subject, or first information relating to or
representing the first signal, may be received. A plurality of
second signals representing time-varying information on at
least one pulse wave of the subject, or second information
relating to or representing the second signal, may be
received. The second signals or the second information may
be from a plurality of body locations of the subject (or
referred to as locations of the body of the subject, or
locations of the subject). A first feature of the first signal may
be identified. The identification of the first feature in the first
signal may be achieved by analyzing the first information or
the first signal. For each of the plurality of second signals,
a second feature may be identified. The identification of the
second feature of one of the plurality of second signals may
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be achieved by analyzing the second information or the
second signal. A pulse transit time based on a difference of
the first feature and at least one of the second features may
be computed. In some embodiments, a blood pressure of the
subject may be calculated according to a model based on the
computed pulse transit time. The model may include a
compensation term relating to the plurality of second signals
or the second features thereof.

[0005] Some embodiments of the present disclosure
relates to a method implemented on at least one processor
for calculating, estimating, or monitoring the blood pressure
of a subject. The method may include one or more of the
following operations. A first signal representing heart activ-
ity the subject, or first information relating to or representing
the first signal, may be received. A plurality of second
signals representing time-varying information on at least one
pulse wave of the subject, or second information relating to
or representing the second signal, may be received. The
second signals or the second information may be from a
plurality of body locations of the subject (or referred to as
locations of the body of the subject, or locations of the
subject). A first feature of the first signal may be identified.
The identification of the first feature in the first signal may
be achieved by analyzing the first information or the first
signal. For each of the plurality of second signals, a second
feature may be identified. The identification of the second
feature of one of the plurality of second signals may be
achieved by analyzing the second information or the second
signals. A pulse transit time based on a difference of the first
feature and at least one of the second feature may be
computed. In some embodiments, a blood pressure of the
subject may be calculated according to a model based on the
computed pulse transit time. The model may include a
compensation term relating to the plurality of second signals
or the second features thereof.

[0006] Some embodiments of the present disclosure
relates to a system implemented on memory and at least one
processor. The system may be used to calculate, estimate, or
monitoring the blood pressure of a subject. The system may
include an acquisition module and an analysis module. The
acquisition module may be configured to receive a first
signal representing heart activity of a subject (or first infor-
mation relating to or representing the first signal), and a
plurality of second signals representing time-varying infor-
mation on at least one pulse wave of the subject (or second
information relating to or representing the second signal).
The second signals or the second information may be from
a plurality of body locations of the subject (or referred to as
locations of the body of the subject, or locations of the
subject). The analysis module may be configured to identify
a first feature in the first signal; identify, for each of the
plurality of second signals, a second feature; compute a
pulse transit time based on a difference between the first
feature and one of the second features; and calculate a blood
pressure of the subject according to a model based on the
computed pulse transit time. The model may include a
compensation term relating to the plurality of second signals
or the second features thereof. The identification of the first
feature in the first signal may be achieved by analyzing the
first information or the first signal. The identification of the
second feature in the plurality of second signals may be
achieved by analyzing the second information or the second



US 2018/0085012 A1

signals. The system may further include an output module
configured to provide the calculated blood pressure for
output.

[0007] In some embodiments, a plurality of pulse transit
time values may be computed. The value of pulse transit
time may be computed based on the difference between the
first feature of a first signal and the second feature of a
second signal. The second signals may be from different
locations of the body of a same subject. The plurality of
pulse transit time values may be based on a same first signal
or different first signals. For instance, two pulse transit time
values may be based on one first signal and two second
signals from two locations of the body of the subject. As
another example, two pulse transit time values may be based
on two different first signals and two second signals from
two locations of the body of the subject. As used herein,
different signals may be acquired from the same location of
the body of a subject at different times, or acquired from
different locations of the body of a subject approximately the
same time or at different times. For instance, different first
signals or different second signals may be acquired from the
same location of the body of the subject at different times.
As another example, different first signals or different sec-
ond signals may be acquired from different locations of the
body of a subject approximately the same time or at different
times. In some embodiments, a plurality of blood pressure
values of the subject may be calculated according to a model
based on the computed pulse transit time values. In some
embodiments, a plurality of blood pressure values of the
subject may be calculated according to multiple models
based on the computed pulse transit time values. Such
models may be selected based on the location(s) where the
first signal or the second signal whose feature(s) is/are used
to compute the pulse transit time have been acquired. For
instance, second signals are acquired from an upper arm and
at an ankle of the subject, the second features of these two
second signals are identified, and two pulse transit time
values are computed based on the two second features and
a first feature of a same first signal; two blood pressure
values may be calculated based on the two pulse transit time
values according to a same model, or according to two
different models; the two models may be selected based on
the locations (the upper arm and the ankle) where the two
second signals have been acquired.

[0008] In some embodiments, receiving the first signal
may include communicating with a first sensor configured to
acquire the first signal at a first location on the body of the
subject. Receiving the first signal may include measuring or
acquiring the first signal using a first sensor configured to
acquire the first signal at a first location on the body of the
subject. The first sensor may be part of the device. In some
embodiments, the receiving the plurality of second signals
may include communicating with a plurality of second
sensors configured to acquire the plurality of second signals
at a plurality of second locations on the body of the subject.
In some embodiments, the receiving the plurality of second
signals may include communicating with a plurality of
second sensor arrays configured to acquire the plurality of
second signals at a plurality of second locations on the body
of the subject. The second sensors or the second sensor
arrays may be a part of the device. The first location and one
of the second locations may be substantially the same. The
second locations may include head, the neck, the chest, the
abdomen, the upper arm, the wrist, the waist, the upper leg,
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the knee, or the ankle of the subject. The device may include
a structure that allows the device to be worn by the subject.
[0009] In some embodiments, at least one of the plurality
of second sensor arrays may include a plurality of sensors,
a plurality of receiving ends of a one or more sensors, or a
plurality of emitting ends of one or more sensors. In some
embodiments, the configuration of the sensor array may be
an oval array, a rectangular array, a circular array or a
triangular array.

[0010] In some embodiments, the first signal may include
an optical signal or an electrical signal. The second signal
may include an optical signal or an electrical signal. The first
signal or the second signal may include a photoplethysmog-
raphy (PPG) waveform, an electrocardiography (ECG)
waveform, or a ballistocardiogram (BCG) waveform.
[0011] In some embodiments, a plurality of blood pres-
sures of the plurality of second locations may be calculated.
In some embodiments, relation information may be gener-
ated. For example, the relation information may include a
distribution of blood pressure values of a plurality of body
locations (for example, the left ankle versus the right ankle,
the left upper arm versus the right upper arm) of the subject.
As another example, the relation information may include a
comparison of the blood pressure value at a body location
with a reference value. Exemplary reference values may
include one or more historic blood pressure values at the
same or similar location of the subject, of a sub-group of
people who share a same or similar characteristic with the
subject, or a general population. In some embodiments, the
pulse transit time values on the basis of which the blood
pressure values are calculated may be used, instead of the
blood pressure values themselves, to generate the relation
information. In some embodiments, a recommendation
relating to the subject may be provided based on the relation
information. In some embodiments, the recommendation
may include a compensation term regarding the model to be
used to calculate blood pressure. In some embodiments, the
recommendation may be a prompting message regarding
selection of a model that may be used to calculate blood
pressure. In some embodiments, the recommendation may
include a model that may be used to calculate blood pres-
sure. The model may include the modified first model by the
compensation term. In some embodiments, the recommen-
dation may be a push information regarding daily activities
of the subject.

[0012] In some embodiments, the at least one processor
may further receive information relating to the subject or a
condition when the first signal or the second signal is
acquired. Exemplary information may include, e.g., age,
body weight, the time (during the day) or the date the first
signal or the second signal is acquired, the room tempera-
ture, the mood of the subject at the time, whether the subject
has recently exercised, or the like, or a combination thereof.
Such information may be taken into consideration when the
blood pressure of the subject is calculated using the device.
[0013] Additional features will be set forth in part in the
description which follows, and in part will become apparent
to those skilled in the art upon examination of the following
and the accompanying drawings or may be learned by
production or operation of the examples. The features of the
present disclosure may be realized and attained by practice
or use of various aspects of the methodologies, instrumen-
talities and combinations set forth in the detailed examples
discussed below.



US 2018/0085012 A1

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The present disclosure is further described in terms
of exemplary embodiments. These exemplary embodiments
are described in detail with reference to the drawings. These
embodiments are non-limiting exemplary embodiments, in
which like reference numerals represent similar structures
throughout the several views of the drawings, and wherein:
[0015] FIG. 1 illustrates an exemplary system configura-
tion in which a system for monitoring a physiological signal
may be deployed in accordance with various embodiments
of the present disclosure;

[0016] FIG. 2 depicts an exemplary diagram of an engine
of the system illustrated in FIG. 1, according to some
embodiments of the present disclosure;

[0017] FIG. 3 is a flowchart of an exemplary process in
which a method for estimating a physiological signal is
deployed, according to some embodiments of the present
disclosure;

[0018] FIG. 4 is a block diagram illustrating an architec-
ture of an acquisition module according to some embodi-
ments of the present disclosure;

[0019] FIG. 5-A and FIG. 5-B are schematic diagrams
showing the arrangement or the location of the ECG sensors
and PPG sensors according to some embodiments of the
present disclosure;

[0020] FIG. 6-A through FIG. 6-D are schematic diagrams
showing exemplary sensor arrays of PPG sensors according
to some embodiments of the present disclosure;

[0021] FIG. 7 is a flowchart of a process for estimating a
physiological parameter of interest according to some
embodiments of the present disclosure;

[0022] FIG. 8-A through FIG. 8-E provide exemplary
signal processing according to some embodiments of the
present disclosure;

[0023] FIG. 9 illustrates an exemplary personal health
manager according to some embodiments of the present
disclosure;

[0024] FIG. 10 depicts the architecture of a mobile device
that may be used to implement a specialized system or a part
thereof incorporating the present disclosure;

[0025] FIG. 11 depicts the architecture of a computer that
may be used to implement a specialized system or a part
thereof incorporating the present disclosure; and

[0026] FIG. 12 illustrates an exemplary device according
to some embodiments of the present disclosure.

DETAILED DESCRIPTION

[0027] In the following detailed description, numerous
specific details are set forth by way of examples in order to
provide a thorough understanding of the relevant disclosure.
However, it should be apparent to those skilled in the art that
the present disclosure may be practiced without such details.
In other instances, well known methods, procedures, sys-
tems, components, and/or circuitry have been described at a
relatively high-level, without detail, in order to avoid unnec-
essarily obscuring aspects of the present disclosure.

[0028] The present disclosure relates to system, method,
and programming aspects of blood pressure monitoring. The
blood pressure monitoring may involve a cuffless system
and method. In some embodiments, blood pressure is esti-
mated based on pulse wave related information, for
example, pulse transit time (PTT), pulse arrival time (PAT),
or the like, or a combination thereof. The system and method
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involve improved sensor design and signal processing. The
system and method as disclosed herein may perform blood
pressure monitoring continuously in a non-invasive way,
with improved accuracy. The system and method as dis-
closed herein may perform blood pressure monitoring of
multiple body locations in real time. The following descrip-
tion is provided with reference to PTT in connection with the
blood pressure monitoring for illustration purposes, and is
not intended to limit the scope of the present disclosure.
Merely by way of example, the system and method as
disclosed herein may utilize one or more other pulse wave
related information or signals, for example, PAT, for blood
pressure monitoring.

[0029] These and other features, and characteristics of the
present disclosure, as well as the methods of operation and
functions of the related elements of structure and the com-
bination of parts and economies of manufacture, may
become more apparent upon consideration of the following
description with reference to the accompanying drawing(s),
all of which form a part of this specification. It is to be
expressly understood, however, that the drawing(s) are for
the purposes of illustration and description only and are not
intended to limit the scope of the present disclosure. As used
in the specification and in the claims, the singular form of
“a,” “an,” and “the” include plural referents unless the
context clearly dictates otherwise.

[0030] FIG. 1 illustrates an exemplary system configura-
tion in which a system 100 may be deployed in accordance
with some embodiments of the present disclosure. The
system 100 may be configured to monitor a physiological
parameter of interest. The system 100 may include a mea-
suring device 110, a database (for example, a server 120), an
external data source 130, and a terminal 140. Various
components of the system 100 may be connected to each
other directly or indirectly via a network 150.

[0031] The measuring device 110 may be configured to
measure a signal. The signal may be a cardiovascular signal.
The signal may relate to or be used to calculate or estimate
a physiological parameter of interest. The measuring device
110 may include, for example, a clinical device, a household
device, a portable device, a wearable device, or the like, or
a combination thereof. As used herein, a clinical device may
be one that meets applicable standards and/or specifications
to be used in a clinical setting including, for example, a
hospital, a doctor’s office, a nursing home, or the like. A
clinical device may be used by or with the assistance of a
healthecare provider. As used herein, a household device may
be one that meets applicable standards and/or specifications
to be used at home or a nonclinical setting. A household
device may be used by someone who is or is not a profes-
sional provider. A clinical device or a household device, or
a portion thereof, may be portable or wearable. Exemplary
clinical devices include an auscultatory device, an oscillo-
metric device, an ECG monitor, a PPG monitor, or the like,
or a combination thereof. Exemplary household devices
include an oscillometric device, a household ECG monitor,
a sphygmometer, or the like, or a combination thereof.
Exemplary portal devices include an oscillometric device, a
portable ECG monitor, a portable PPG monitor, or the like,
or a combination thereof. Exemplary wearable devices
include a pair of glasses 111, a shoulder strap 112, a smart
watch 113, an anklet 114, a thigh band 115, an armband 116,
a chest belt 117, a necklet 118, or the like, or a combination
thereof. The above mentioned examples of measuring
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devices 110 are provided for illustration purposes, and not
intended to limit the scope of the present disclosure. A
measuring device 110 may be in another form including, for
example, a fingerstall, a wristband, a brassiere, an undet-
wear, a chest band, or the like, or a combination thereof.

[0032] Merely by way of example, the measuring device
110 is a wearable or portable device configured to measure
one or more cardiovascular signals. In some embodiments,
the wearable or portable device may process at least some of
the measured signals, estimate a physiological parameter of
interest based on the measured signals, display a result
including the physiological parameter of interest in the form
of, for example, an image, an audio alert, perform wired or
wireless communication with another device or server (for
example, the server 120), or the like, or a combination
thereof. In some embodiments, the wearable or portable
device may communicate with another device (for example,
the terminal 140) or a server (for example, a cloud server).
The device or server may process at least some of the
measured signals, estimate a physiological parameter of
interest based on the measured signals, display a result
including the physiological parameter of interest in the form
of, for example, an image, an audio alert, or the like, or a
combination thereof.

[0033] Insomeembodiments, the operations of processing
the measured signals, estimating a physiological parameter,
displaying a result, or performing wired or wireless com-
munication may be performed by an integrated device or by
separate devices connected to or communicating with each
other. Such an integrated device may be portable or wear-
able. In some embodiments, at least some of the separate
devices may be portable or wearable, or located in the
vicinity of a subject whose signal is measured or a physi-
ological parameter of interest is estimated or monitored.
Merely by way of example, the subject wears the measuring
device 110 that is configured to measure one or more
cardiovascular signals; the measured one or more cardio-
vascular signals are transmitted to a smart phone that is
configured to calculate or estimate a physiological parameter
of interest based on the measured signals. In some embodi-
ments, at least some of the separate devices are located in a
location remote from the subject. Merely by way of
example, the subject wears the measuring device 110 that is
configured to measure one or more cardiovascular signals;
the measured one or more cardiovascular signals are trans-
mitted to a server that is configured to calculate or estimate
a physiological parameter of interest based on the measured
signals; the calculated or estimated physiological parameter
of interest may be transmitted back to the subject, or a user
other than the subject (for example, a doctor, a care provider,
a family member relating to the subject, or the like, or a
combination thereof).

[0034] In some embodiments, the measuring devices 110
may incorporate various types of sensors including, for
example, an electrode sensor, an optical sensor, a photoelec-
tric sensor, a pressure sensor, an accelerometer, a gravity
sensor, a temperature sensor, a moisture sensor, or the like,
or a combination thereof. The measuring device may be
configured to monitor and/or detect one or more types of
variables including, for example, temperature, humidity,
user or subject input, or the like, or a combination thereof.
The measuring devices 110 may also incorporate a position-
ing system, for example, a GPS receiver, or a location
sensor, and the position information may be transmitted to
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the server 120, the external data source 130, the terminal
140, or the like, or a combination thereof, through the
network 150. The position information and measured signals
may be transmitted simultaneously or successively.

[0035] The system may include or communicate with a
server or a database configured for storing a library 1100
and/or algorithms 121. The server or database may be the
server 120. The server 120 may be a cloud server. Merely by
way of example, the server 120 may be implemented in a
cloud server that may provide storage capacity, computation
capacity, or the like, or a combination thereof. The library
1100 may be configured to collect or store data. The data
may include personal data, non-personal data, or both. The
data may include static data, dynamic data, or both. Exem-
plary static data may include various information regarding
a subject including identity, contact information, birthday, a
health history (for example, whether a subject has a history
of smoking, information regarding a prior surgery, a food
allergy, a drug allergy, a medical treatment history, a history
of genetic disease, a family health history, or the like, or a
combination thereof), the gender, the nationality, the height,
the weight, the occupation, a habit (for example, a health-
related habit such as an exercise habit), the education
background, a hobby, the marital status, religious belief, or
the like, or a combination thereof. Exemplary dynamic data
may include a current health condition of a subject, medi-
cations the subject is taking, a medical treatment the subject
is undertaking, diet, physiological signals or parameters (for
example, pulse transit time (PTT), systolic blood pressure
(SBP), diastolic blood pressure (DBP), or the like) relating
to the subject for multiple time points or over a period of
time, or the like, or a combination thereof.

[0036] As used herein, a subject may refer to a person or
animal whose signal or information is acquired and whose
physiological parameter is acquired, estimated, or moni-
tored. Merely by way of example, a subject may be a patient
whose cardiovascular signals are acquired, and blood pres-
sure estimated or monitored based on the acquired cardio-
vascular signals.

[0037] One or more algorithms 121 in the server 120 may
be applied in data processing or analysis, as described
elsewhere in the present disclosure. The description of the
server 120 above is provided for illustration purposes, and
not intended to limit the scope of the present disclosure. The
server 120 may have a different structure or configuration.
For example, algorithms 121 are not stored in the server 120;
instead, the algorithms 121 may be stored locally at the
terminal 140. Furthermore, a library 1100 may also be stored
at the terminal 140.

[0038] The external data sources 130 may include a vari-
ety of organizations, systems, and devices, or the like, or a
combination thereof. Exemplary data sources 130 may
include a medical institution 131, a research facility 132, a
conventional device 133, and a peripheral device 134, or the
like, or a combination thereof. The medical institution 131
or the research facility 132 may provide, for example,
personal medical records, clinical test results, experimental
research results, theoretical or mathematical research
results, algorithms suitable for processing data, or the like,
or a combination thereof. The conventional device 133 may
include a cardiovascular signal measuring device, such as a
mercury sphygmomanometer. A peripheral device 134 may
be configured to monitor and/or detect one or more types of
variables including, for example, temperature, humidity,
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user or subject input, or the like, or a combination thereof.
The above mentioned examples of the external data sources
130 and data types are provided for illustration purposes,
and not intended to limit the scope of the present disclosure.
For instance, the external data sources 130 may include
other sources and other types of data, such as genetic
information relating to a subject or his family.

[0039] The terminal 140 in the system 100 may be con-
figured for processing at least some of the measured signals,
estimating a physiological parameter of interest based on the
measured cardiovascular signals, displaying a result includ-
ing the physiological parameter of interest in the form of, for
example, an image, storing data, controlling access to the
system 100 or a portion thereof (for example, access to the
personal data stored in the system 100 or accessible from the
system 100), managing input-output from or relating to a
subject, or the like, or a combination thereof. The terminal
140 may include, for example, a mobile device 141 (for
example, a smart phone, a tablet, a laptop computer, or the
like), a personal computer 142, other devices 143, or the
like, or a combination thereof. Other devices 143 may
include a device that may work independently, or a process-
ing unit or processing module assembled in another device
(for example, an intelligent home terminal). Merely by way
of example, the terminal 140 includes a CPU or a processor
in a measuring device 110. In some embodiments, the
terminal 140 may include an engine 200 as described in FIG.
2, and the terminal 140 may also include a measuring device
110.

[0040] The network 150 may be a single network or a
combination of different networks. For example, the net-
work 150 may be a local area network (LAN), a wide area
network (WAN), a public network, a private network, a
proprietary network, a Public Telephone Switched Network
(PSTN), the Internet, a wireless network, a virtual network,
or any combination thereof. The network 150 may also
include various network access points, for example, wired or
wireless access points such as base stations or Internet
exchange points (not shown in FIG. 1), through which a data
source or any component of the system 100 described above
may connect to the network 150 in order to transmit infor-
mation via the network 150.

[0041] Various components of or accessible from the
system 100 may include a memory or electronic storage
media. Such components may include, for example, the
measuring device 110, the server 120, the external data
sources 130, the terminal 140, peripheral equipment 240
discussed in connection with FIG. 2, or the like, or a
combination thereof. The memory or electronic storage
media of any component of the system 100 may include one
or both of a system storage (for example, a disk) that is
provided integrally (i.e. substantially non-removable) with
the component, and a removable storage that may be remov-
ably connected to the component via, for example, a port
(for example, a USB port, a firewire port, etc.) or a drive (for
example, a disk drive, etc.). The memory or electronic
storage media of any component of the system 100 may
include or be connectively operational with one or more
virtual storage resources (for example, cloud storage, a
virtual private network, and/or other virtual storage
resources).

[0042] The memory or electronic storage media of the
system 100 may include a dynamic storage device config-
ured to store information and instructions to be executed by

Mar. 29, 2018

the processor of a system-on-chip (SoC, for example, a
chipset including a processor), other processors (or comput-
ing units), or the like, or a combination thereof. The memory
or electronic storage media may also be used to store
temporary variables or other intermediate information dur-
ing execution of instructions by the processor(s). Part of or
the entire memory or electronic storage media may be
implemented as Dual In-line Memory Modules (DIMMs),
and may be one or more of the following types of memory:
static random access memory (SRAM), Burst SRAM or
SynchBurst SRAM (BSRAM), dynamic random access
memory (DRAM), Fast Page Mode DRAM (FPM DRAM),
Enhanced DRAM (EDRAM), Extended Data Output RAM
(EDO RAM), Extended Data Output DRAM (EDO
DRAM), Burst Extended Data Output DRAM (BEDO
DRAM), Enhanced DRAM (EDRAM), synchronous
DRAM (SDRAM), JEDECSRAM, PCIOO SDRAM,
Double Data Rate SDRAM (DDR SDRAM), Enhanced
SDRAM (ESDRAM), SyncLink DRAM (SLDRAM),
Direct Rambus DRAM (DRDRAM), Ferroelectric RAM
(FRAM), or any other type of memory device. The memory
or electronic storage media may also include read-only
memory (ROM) and/or another static storage device con-
figured to store static information and instructions for the
processor of the SoC and/or other processors (or computing
units). Further, the memory or electronic storage media may
include a magnetic disk, optical disc or flash memory
devices to store information and instructions.

[0043] In some embodiments, the SoC may be part of a
core processing or computing unit of a component of or
accessible from the system 100. The SoC may be configured
to receive and process input data and instructions, provide
output and/or control other components of the system. In
some embodiments, the SoC may include a microprocessor,
a memory controller, a memory, and a peripheral compo-
nent. The microprocessor may further include a cache
memory (for example, SRAM), which along with the
memory of the SoC may be part of a memory hierarchy to
store instructions and data. The microprocessor may also
include one or more logic modules such as a field program-
mable gate array (FPGA) or other logic array. Communica-
tion between the microprocessor in the SoC and memory
may be facilitated by the memory controller (or chipset),
which may also facilitate in communicating with the periph-
eral component, such as a counter-timet, a real-time timer, a
power-on reset generator, or the like, or a combination
thereof. The SoC may also include other components includ-
ing, for example, a timing source (for example, an oscillator,
a phase-locked loop, or the like), a voltage regulator, a
power management circuit, or the like, or a combination
thereof.

[0044] Merely by way of example, the system 100 may
include a wearable or portable device. The wearable or
portable device may include a SoC and a plurality of
sensors. Exemplary sensors may include a photoelectric
sensor, a conductance sensor, or the like, or a combination
thereof. The SoC may process signals acquired through at
least some of the plurality of sensors. The acquired signals
may be various physiological signals including, for example,
photoplethysmograph (PPG), electrocardiograph (ECG), or
the like, or a combination thereof. The SoC may calculate a
physiological parameter of interest based on the acquired
signals. Exemplary physiological parameters of interest may
be blood pressure, or the like, or a combination thereof.
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[0045] Insome embodiments, the external data source 130
may receive data from the measuring device 110, the sever
120, the terminal 140, or the like, or any combination by the
network 150. Merely by way of example, the external data
source 130 (for example, a medical institution, or a smart
home system, or the like) may receive information relating
to a subject (for example, location information, data from
the cloud sever or a terminal, or the like, or a combination
thereof) based on the data received from the measuring
devices 110 or the terminals 140. In some embodiments, the
measuring device 110 may receive data from the sever 120,
the external data source 130, or the like, or any combination,
via the network 150. Merely by way of example, the
measuring device 110 may receive the information relating
to a subject (for example, a current/historical health condi-
tion of a subject, medications the subject is taking, medical
treatment the subject is undertaking, current/historical diets,
current emotion status, historical physiological parameters
(for example, PTT, SBP, DBP) relating to the subject, or the
like, or a combination thereof). Furthermore, the terminal
140 may receive data from the measuring device 110, the
server 120, the external data source 130, or the like, or a
combination thereof.

[0046] FIG. 1 is a specific example of the system 100, and
the configuration of the system 100 is not limited to that
illustrated in FIG. 1. For example, a server 120 may be
omitted, migrating all of its functions to a terminal 140. In
another example, a server 120 and a terminal 140 may both
be omitted, migrating all of their functions to a measuring
device 110. The system may include various devices or
combinations of devices in different embodiments.

[0047] In an example, the system may include a wearable
or portable device and a mobile device (for example, a smart
phone, a tablet, a laptop computer, or the like). The wearable
or portable device may be used to acquire physiological
signals, environmental information, or the like, or a combi-
nation thereof. The mobile device may be used to receive the
signals or information acquired by the wearable or portable
device. The mohile device may calculate one or more
physiological parameters of interest based on the acquired
signals or information, as well as relevant data retrieved
from another source (for example, from a server). The
retrieved relevant data may include, for example, current/
historical information stored on the server. Exemplary cur-
rent/historical information may include a current/historical
health condition of a subject, current/historical medications
the subject is/was taking, current/historical medical treat-
ment the subject is/was undertaking, current/historical diets,
current/historical emotion status, current/historical physi-
ological parameters (for example, PTT, SBP, DBP) relating
to the subject, or the like, or a combination thereof. The
wearable or portable device, or the mobile device may
display or report, or store at least some of the acquired
signals, information, the retrieved relevant data, the calcu-
lated one or more physiological parameters of interest, or the
like, or a combination thereof. The display or report may be
provided to a subject, a user other than the subject, a third
party, the server, or another device.

[0048] In another example, the system may include a
wearable or portable device that may be configured to
perform functions including: acquiring physiological signals
or environmental information, retrieving relevant data from
another source (for example, from a server), calculating one
or more physiological parameters of interest based on the
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acquired signals, information, or the retrieved relevant data,
and displaying, reporting, or storing at least some of the
acquired signals, information, the retrieved relevant data, the
calculated one or more physiological parameters of interest,
or the like, or a combination thereof. The display or report
may be provided to a subject, a user other than the subject,
a third party, the server, or another device.

[0049] 1In a further example, the system may include a
wearable or portable device that may be configured to
perform functions including: acquiring physiological signals
and environmental information, communicating with a
server to transmit at least some of the acquired signals or
information to the server such that the server may calculate
one or more physiological parameters of interest, receiving
the calculated one or more physiological parameters of
interest from the server, displaying, reporting or storing at
least some of the acquired signals, information, the calcu-
lated one or more physiological parameters of interest, or the
like, or a combination thereof. The display or report may be
provided to a subject, a user other than the subject, a third
party, the server, or another device. In some embodiments,
the communication between the wearable or portable device
and the server may be achieved by way of the wearable or
portable device being connected to a network (for example,
the network 150). In some embodiments, the communication
between the wearable or portable device and the server may
be achieved via a communication device (for example, a
mobile device such as a smart phone, a tablet, a laptop
computer, or the like) that communicates with both the
wearable or portable device and the server.

[0050] In still a further example, the system may include
a wearable or portable device, a mobile device (for example,
a smart phone, a tablet, a laptop computer, or the like), and
a server. The wearable or portable device may be used to
acquire physiological signals, environmental information, or
the like, or a combination thereof. The mobile device may be
used to receive the signals or information acquired by the
wearable or portable device, and may calculate one or more
physiological parameters of interest based on the received
signals and/or information retrieved from the wearable or
portable device, as well as relevant data retrieved from
another source (for example, a server). The mobile device
may display, report, or store at least some of the acquired
signals, information, the retrieved relevant data, the calcu-
lated one or more physiological parameters of interest, or the
like, or a combination thereof. The display or report may be
provided to a subject, a user other than the subject, a third
party, the server, or another device.

[0051] In some embodiments, the system may be config-
ured to provide a user interface to allow a subject, a user
other than the subject, or an entity to exchange information
(including input into or output from the system) with the
system as disclosed herein. The user interface may be
implemented on a terminal device including, for example, a
mobile device, a computer, or the like, or a combination
thereof. The access to the system may be allowed to one who
has an appropriate access privilege. An access privilege may
include, for example, a privilege to read some or all infor-
mation relating to a subject, update some or all information
relating to a subject, or the like, or a combination thereof.
The access privilege may be associated with or linked to a
set of login credentials. Merely by way of example, the
system may provide three tiers of access privileges. A first
tier may include a full access privilege regarding informa-
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tion relating to a subject, allowing both receiving and
updating information relating to a subject. A second tier may
include a partial access privilege regarding information
relating to a subject, allowing receiving and updating part of
information relating to a subject. A third tier may include a
minimal access privilege regarding information relating to a
subject, allowing receiving or updating part of information
relating to a subject Different login credentials may be
associated with different access privilege to the information
relating to a subject in the system. As used herein, updating
may include providing information that does not exist in the
system, or modifying pre-existing information with new
information.

[0052] Merely by way of example, the system may receive
information relating to a subject provided via the user
interface. The information relating to a subject may include
basic information and optional information. Exemplary
basic information may include the height, the weight, the
age (or the date of birth), the gender, the arm length, the
nationality, the occupation, a habit (for example, a health-
related habit such as an exercise habit), the education
background, a hobby, the marital status, religious belief, a
health-related history (for example, whether a subject has a
history of smoking, a food allergy, a drug allergy, a medical
treatment history, a family health history, a history of genetic
disease, information regarding a prior surgery, or the like, or
a combination thereof), contact information, emergency
contact, or the like, or a combination thereof. Exemplary
optional information may include, current health condition
of the subject, medications the subject is taking, a medical
treatment the subject is undertaking, diet. The system may
receive, via the user interface, information relating to a
specific measurement of, for example, a physiological
parameter of interest. Examples of such information may
include the motion state of the subject at or around the
acquisition time (defined elsewhere in the present disclo-
sure), the emotional state at or around the acquisition time,
the stress level at or around the acquisition time, or the like,
or a combination thereof. The system may receive, via the
user interface, one or more options or instructions. In some
embodiments, the options or instructions may be provided
by a subject or a user other than the subject answering
questions or making selections in response to questions or
prompts by the system. In one example, the options or
instructions may include a measurement frequency (for
example, once a week, once a month, twice a week, twice a
month, once a day, twice a day, or the like), a preferred
format of the presentation of information to the subject or a
user other than the subject (for example, email, a voice
message, a text message, an audio alert, haptic feedback, or
the like, or a combination thereof). In another example, the
options or instructions may include information relating to
calculating parameters of interest, for example, rules regard-
ing how to select a model, a function, calibration data, or the
like, or a combination thereof.

[0053] Insome embodiments, the system may provide, via
the user interface, information to a subject, or a user other
than the subject. Exemplary information may include an
alert, a recommendation, a reminder, or the like, or a
combination thereof. In one example, an alert may be
provided or displayed to the subject or a user other than the
subject if a triggering event occurs. Exemplary triggering
events may be that at least some of the acquired information
or a physiological parameter of interest exceeds a threshold.
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Merely by way of example, a triggering event may be that
the acquired heart rate exceeds a threshold (for example,
higher than 150 beats per minute, lower than 40 beats per
minute, or the like). As another example, a triggering event
may be that the physiological parameter of interest, for
example, an estimated blood pressure, exceeds a threshold.
In another example, a recommendation may be provided or
displayed to the subject or a user other than the subject.
Exemplary recommendations may be a request to input
specific data (for example, basic information, optional infor-
mation, updated parameters of interest, updated models,
updated functions, updated options and instructions, or the
like, or a combination thereof). A reminder may be provided
or displayed to the subject or a user other than the subject.
Exemplary reminders may include a reminder to take a
prescription medication, take a rest, take a measurement of
a physiological parameter of interest, or the like, or a
combination thereof.

[0054] In some embodiments, the system may communi-
cate with the subject, a user other than the subject, and/or a
third party through the user interface. Exemplary third
parties may be a doctor, a healthcare worker, a medical
institution, a research facility, a peripheral device of the
subject or a user well-connected to the subject, or the like.
Exemplary communications may relate to health conditions
of the subject, a dietary habit, an exercise habit, a prescrip-
tion medication, instructions or steps to conduct a measure-
ment, or the like, or a combination thereof. In some embodi-
ments, a user interface accessible to or by a third party may
be the same as, or different from a user interface accessible
to or by a subject. In one example, an output or data may be
transmitted to a third party (for example, a computer, a
terminal at a doctor’s office, a hospital where a health care
provider is located and the health condition of the subject is
being monitored, or the like, or a combination thereof). The
third party may provide feedback information or instructions
related to the output information via the user interface.
Merely by way of example, a third party may receive
information regarding one or more physiological parameters
of interest relating to a subject, and accordingly provide a
recommendation of actions to be taken by the subject (for
example, to take a prescription medication, to take a rest, to
contact or visit the third party, or the like, or a combination
thereof); the system may relay the recommendation to the
subject.

[0055] FIG. 2 shows an exemplary diagram including the
engine 200. The engine 200 may be configured for acquiring
one or more signals and calculating or estimating one or
more physiological parameters of interest based on the
acquired signals. As illustrated, the engine 200 may be
connected to or otherwise communicate with, for example,
peripheral equipment 240, and the server 120. The engine
200 may include an information acquisition module 210, an
analysis module 220, and an output module 230. The infor-
mation acquisition module 210 may be configured for
acquiring a signal or information relating to a subject, for
example, a physiological signal, information relating to the
health condition of the subject, or the like, or a combination
thereof. The analysis module 220 may be configured for
analyzing the acquired signal or information, or determining
or estimating a physiological parameter of interest, or both.
The output module 230 may be configured for outputting the
acquired signal or information, the physiological parameter
of interest, or the like, or a combination thereof. As used
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herein, a module may have an independent processor, or use
system shared processor(s). The processor(s) may perform
functions according to instructions related to various mod-
ules. For example, the analysis module 220, according to
relevant instructions, may retrieve acquired signals and
perform calculations to obtain one or more physiological
parameter of interest.

[0056] The information acquisition module 210 may be
configured for acquiring a signal or information from or
relating to one or more subjects. As used herein, acquiring
may be achieved by way of receiving a signal or information
sensed, detected, or measured by, for example, a sensor, or
by way of receiving an input from a subject or from a user
other than the subject (for example, a doctor, a care provider,
a family member relating to the subject, or the like, or a
combination thereof). For brevity, an acquired signal or
information may be referred to as acquired information. As
used herein, information may include a signal relating to a
subject that is acquired by a device including, for example,
a sensor, environmental information that is acquired by a
device including, for example, a sensor, information that is
acquired otherwise including, for example, from an input by
a subject or a user other than the subject, a processed or
pre-treated information that is acquired as described, or the
like, or a combination thereof. Exemplary sensors may
include an electrode sensor, an optical sensor, a photoelec-
tric sensor, a pressure sensor, an accelerometer, a gravity
sensor, a temperature sensor, a moisture sensor, or the like,
or a combination thereof.

[0057] Exemplary acquired information may include
physiological information. In the exemplary context of
determining blood pressure, the physiological information
may include a cardiovascular signal. Exemplary cardiovas-
cular signals may include a photoplethysmogram (PPG)
signal, an electrocardiogram (ECG) signal, a ballistocardio-
gram (BCG) signal, a blood pressure (BP), a systolic blood
pressure (SBP), a diastolic blood pressure (DBP), a pulse
rate (PR), a heart rate (HR), a heart rate variation (HRV),
cardiac murmur, blood oxygen saturation, a density of
blood, a pH value of the blood, a bowel sound, a brainwave,
a fat content, a blood flow rate, or the like, or a combination
thereof. Exemplary acquired information may include infor-
mation regarding a subject, for example, the height, the
weight, the age, the gender, the body temperature, the arm
length, an illness history, or the like, or a combination
thereof. Exemplary acquired information may include infor-
mation from or relating to the ambient surrounding a subject
(referred to as environmental information) at or around the
acquisition time. Exemplary environmental information
may include temperature, humidity, air pressure, an air flow
rate, an ambient light intensity, or the like, or a combination
thereof. As used herein, the acquisition time may refer to a
time point or a time period when information relating to the
subject, for example, physiological information of the sub-
ject, is acquired.

[0058] The information acquisition module 210 may be
configured to receive or load information from the periph-
eral equipment 240, the server 120, or other devices (not
shown) including, for example, an ECG monitor, a PPG
monitor, a respiratory monitor, a brainwave monitor, a blood
glucose monitor, and a device having similar functions.
Examples of peripheral equipment 240 may include a smart
watch, an earphone, a pair of glasses, a bracelet, a necklace,
or the like, or a combination thereof. The peripheral equip-
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ment 240, the server 120, or other devices may be local or
remote. For example, the server 120 and the engine 200 may
be connected through a local area network (LAN), or
Internet. The peripheral equipment 240 and the engine 200
may be connected through a local area network, or Internet.
Other devices and the engine 200 may be connected through
a local area network, or Internet. The information transmis-
sion between the information acquisition module 210 and
the peripheral equipment 240, the server 120, or such other
devices may be via a wired connection, a wireless connec-
tion, or the like, or a combination thereof.

[0059] The information acquisition module 210 may be
configured to receive information provided by a subject or a
user other than the subject via, for example, an input device.
The input device may include but is not limited to a
keyboard, a touch screen (for example, with haptics or
tactile feedback), a speech input device, an eye tracking
input device, a brain monitoring system, or the like, or a
combination thereof. The information received through the
input device may be transmitted to a processor, via, for
example, a bus, for further processing. The processor for
further processing the information obtained from the input
device may be a digital signal processor (DSP), a SoC
(system on the chip), or a microprocessor, or the like, or the
combination thereof. Other types of input device may
include cursor control device, such as a mouse, trackball, or
cursor direction keys to convey information about direction
and/or command selections, for example, to the processor.

[0060] The description of the information acquisition
module 210 is intended to be illustrative, and not to limit the
scope of the present disclosure. Many alternatives, modifi-
cations, and variations will be apparent to those skilled in the
art. The features, structures, methods, and other character-
istics of the exemplary embodiments described herein may
be combined in various ways to obtain additional and/or
alternative exemplary embodiments. For example, a storage
unit (not shown in FIG. 2) may be added to the information
acquisition module 210 for storing the acquired information.

[0061] The analysis module 220 may be configured for
analyzing acquired information. The analysis module 220
may be connected to or otherwise communicate with one or
more information acquisition modules 210-1, 210-2, . . .,
210-N to receive at least part of the acquired information.
The analysis module 220 may be configured for performing
one or more operations including, for example, a pre-
treatment, a calculation, a calibration, a statistical analysis,
or the like, or a combination thereof. Any one of the
operations may be performed based on at least some of the
acquired information, or an intermediate result from another
operation (for example, an operation performed by the
analysis module 220, or another component of the system
100). For instance, the analysis may include one or more
operations including pre-treating at least part of the acquired
information, identifying a characteristic point or feature of
the acquired information or the pre-treated information,
calculating an intermediate result based on the identified
characteristic point or feature, performing a calibration,
analyzing the information regarding the subject provided by
the subject or a user other than the subject, analyzing the
information regarding the ambient environment surrounding
the subject at or around the acquisition time, estimating a
physiological parameter of interest, or the like, or a combi-
nation thereof.
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[0062] Some operations of the analysis may be performed
in parallel or in series. As used herein, a parallel perfor-
mance may indicate that some operations of the analysis
may be performed at or around the same time; a serial
performance may indicate that some operations of the analy-
sis may commence or be performed after other operations of
the analysis. In some embodiments, at least two operations
of an analysis may be performed in parallel. In some
embodiments, at least two operations of an analysis may be
performed in series. In some embodiments, some of the
operations of an analysis may be performed in parallel, and
some of the operations may be performed in series.

[0063] The analysis, or some operations of the analysis,
may be performed real time, i.e. at or around the acquisition
time. The analysis, or some operations of the analysis, may
be performed after a delay since the information is acquired.
In some embodiments, the acquired information is stored for
analysis after a delay. In some embodiments, the acquired
information is pre-treated and stored for further analysis
after a delay. The delay may be in the order of seconds, or
minutes, or hours, or days, or longer. After the delay, the
analysis may be triggered by an instruction from a subject or
a user other than the subject (for example, a doctor, a care
provider, a family member relating to the subject, or the like,
or a combination thereof), an instruction stored in the system
100, or the like, or a combination thereof. Merely by way of
example, the instruction stored in the system 100 may
specify the duration of the delay, the time the analysis is to
be performed, the frequency the analysis is to be performed,
a triggering event that triggers the performance of the
analysis, or the like, or a combination thereof. The instruc-
tion stored in the system 100 may be provided by a subject
or a user other than the subject. An exemplary triggering
event may be that at least some of the acquired information
or a physiological parameter of interest exceeds a threshold.
Merely by way of example, a triggering event may be that
the acquired heart rate exceeds a threshold (for example,
higher than 150 beats per minute, lower than 40 beats per
minute, or the like). As used herein, “exceed” may be larger
than or lower than a threshold. As another example, a
triggering event may be that the physiological parameter of
interest, for example, an estimated blood pressure, exceeds
a threshold.

[0064] The analysis module 220 may be centralized or
distributed. A centralized analysis module 220 may include
a processor (not shown in FIG. 2). The processor may be
configured for performing the operations. A distributed
analysis module 220 may include a plurality of operation
units (not shown in FIG. 2). The operation units may be
configured for collectively performing the operations of a
same analysis. In the distributed configuration, the perfor-
mance of the plurality of operation units may be controlled
or coordinated by, for example, the server 120.

[0065] The acquired information, an intermediate result of
the analysis, or a result of the analysis (for example, a
physiological parameter of interest) may be analog or digi-
tal. In an exemplary context of blood pressure monitoring,
the acquired information, an intermediate result of the
analysis, or a result of the analysis (for example, a physi-
ological parameter of interest) may include, for example, a
PPG signal, an ECG signal, a BCG signal, a BP, a SBP, a
DBP, a PR, a HR, a HRV (heart rate variation), cardiac
murmur, blood oxygen saturation, a blood density, a pH
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value of the blood, a bowel sound, a brainwave, a fat
content, a blood flow rate, or the like, or a combination
thereof.

[0066] A result of the analysis, for example, a physiologi-
cal parameter of interest regarding a subject, may be influ-
enced by various factors or conditions including, for
example, an environmental factor, a factor due to a physi-
ological condition of a subject, a factor due to a psycho-
logical condition of a subject, or the like, or a combination
thereof. One or more of such factors may influence the
accuracy of the acquired information, the accuracy of an
intermediate result of the analysis, the accuracy of a result
of the analysis, or the like, or a combination thereof. For
instance, a physiological parameter of interest may be esti-
mated based on a correlation with the acquired information;
a factor due to a physiological condition may cause a
deviation from the correlation; the factor may influence the
accuracy of the physiological parameter of interest that is
estimated based on the correlation. Merely by way of
example, a cardiovascular signal relating to a subject may
vary with, for example, time, the psychological condition of
the subject, the psychological condition of the subject, or the
like, or a combination thereof. The correlation between a
cardiovascular signal with a physiological parameter of a
subject may vary with, for example, the physiological con-
dition of the subject, the psychological condition of the
subject, the ambient surrounding the subject, or the like, or
a combination thereof. Such an influence may be counter-
balanced in the analysis.

[0067] In an analysis, information relating to an influenc-
ing condition (for example, environmental information, a
physiological condition, a psychological condition, or the
like) may be acquired, and a correction or adjustment may
be made accordingly in the analysis. Merely by way of
example, the correction or adjustment may be by way of a
correction factor. For instance, an environmental correction
factor may be introduced into the analysis based on acquired
environmental information from or relating to the ambient
surrounding a subject at or around the acquisition time.
Exemplary environmental information may include one or
more of temperature, humidity, air pressure, an air flow rate,
an ambient light intensity, or the like. Exemplary environ-
mental correction factors may include one or more of a
temperature correction factor, a humidity correction factor,
an air pressure correction factor, an air flow rate correction
factor, an ambient light intensity correction factor, or the
like. As another example, the correction or adjustment may
be by way of performing a calibration of the correlation (for
example, a calibrated model, a calibrated function, or the
like) used to estimate the physiological parameter of inter-
est. As a further example, the correction or adjustment may
be by way of choosing, based on information relating to an
influencing condition, a correlation from a plurality of
correlations used to estimate the physiological parameter of
interest.

[0068] This description of the analysis module 220 is
intended to be illustrative, and not to limit the scope of the
present disclosure. Many alternatives, modifications, and
variations will be apparent to those skilled in the art. The
features, structures, methods, and other characteristics of the
exemplary embodiments described herein may be combined
in various ways to obtain additional and/or alternative
exemplary embodiments. For example, a cache unit (not
shown in FIG. 2) may be added to the analysis module 220
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used for storing an intermediate result or real time signal or
information during the processes above mentioned.

[0069] The output module 230 may be configured for
providing an output. The output may include a physiological
parameter of interest, at least some of the acquired infor-
mation (for example, the acquired information that is used in
estimating the physiological parameter of interest), or the
like, or a combination thereof. The transmission of the
output may be via a wired connection, a wireless connection,
or the like, or a combination thereof. The output may be
transmitted real-time once the output is available for trans-
mission. The output may be transmitted after a delay since
the output is available for transmission. The delay may be in
the order of seconds, or minutes, or hours, or days, or longer.
After the delay, the output may be triggered by an instruction
from a subject, a user other than the subject, or a related third
party, an instruction stored in the system 100, or the like, or
a combination thereof. Merely by way of example, the
instruction stored in the system 100 may specify the duration
of the delay, the time the output is to be transmitted, the
frequency output is to be transmitted, a triggering event, or
the like, or a combination thereof. The instruction stored in
the system 100 may be provided by a subject or a user other
than the subject. An exemplary triggering event may be that
the physiological parameter of interest or that at least some
of the acquired information exceeds a threshold. Merely by
way of example, a triggering event may be that the acquired
heart rate exceeds a threshold (for example, higher than 150
beats per minute, lower than 40 beats per minute, or the
like). As another example, a triggering event may be that the
physiological parameter of interest, for example, an esti-
mated blood pressure, exceeds a threshold.

[0070] The output for transmission may be of, for
example, an analog form, a digital form, or the like, or a
combination thereof. The output may be in the format of, for
example, a graph, a code, a voice message, text, video, an
audio alert, a haptic effect, or the like, or a combination
thereof. The output may be displayed on a local terminal, or
transmitted to a remote terminal, or both. A terminal may
include, for example, a personal computer (PC), a desktop
computer, a laptop computer, a smart phone, a smart watch,
or the like, or a combination thereof. Merely by way of
example, an output may be displayed on a wearable or
portable device a subject wears, and also transmitted to a
computer or terminal at a doctor’s office or a hospital where
a health care provider is located and monitors the health
condition of the subject.

[0071] The output module 230 may include or communi-
cate with a display device configured to display output or
other information to a subject or a user other than the
subject. The display device may include a liquid crystal
display (LCD), a light emitting diode (LED)-based display,
or any other flat panel display, or may use a cathode ray tube
(CRT), a touch screen, or the like. A touch screen may
include, for example, a resistance touch screen, a capacity
touch screen, a plasma touch screen, a vector pressure
sensing touch screen, an infrared touch screen, or the like, or
a combination thereof.

[0072] The peripheral equipment 240 may include any
kind of local or remote apparatuses or devices relating to or
communicating with the system 100, or a portion thereof.
For example, the peripheral equipment 240 may include a
storage device, display equipment, a measuring device, an
input device, or the like, or a combination thereof.
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[0073] In some embodiments, a storage module (not
shown in FIG. 2) or a storage unit (not shown in FIG. 2) may
be integrated in the engine 200. In some embodiments, a
storage unit (not shown in FIG. 2) may be integrated in any
one of the information acquisition module 210, the analysis
module 220, or the output module 230. The storage module
(not shown in FIG. 2) or the storage unit (not shown in FIG.
2) may be used for storing an intermediate result, or a result
of an analysis. The storage module (not shown in FIG. 2) or
the storage unit (not shown in FIG. 2) may be used as a data
cache. The storage module (not shown in FIG. 2) or the
storage unit (not shown in FIG. 2) may include a hard disk,
a floppy disk, selectron storage, RAM, DRAM, SRAM
bubble memory, thin film memory, magnetic plated wire
memory, phase change memory, flash memory, cloud disk,
or the like, or a combination thereof. The storage module
(not shown in FIG. 2) or the storage unit (not shown in FIG.
2) may include memory or electronic storage media
described in connection with FIG. 1 and elsewhere in the
present disclosure.

[0074] In some embodiments, the engine 200 does not
include a storage module or a storage unit, and the peripheral
equipment 240 or the server 120 may be used as a storage
device accessible by the engine 200. The server 120 may be
a cloud server providing cloud storage. As used herein,
cloud storage is a model of data storage where digital data
are stored in logical pools, physical storage spanning mul-
tiple servers (and often located at multiple locations). The
physical environment including, for example, the logical
pools, the physical storage spanning multiple servers may be
owned and managed by a hosting company. The hosting
company may be responsible for keeping the data available
and accessible, and the physical environment protected and
running. Such cloud storage may be accessed through a
cloud service, a web service application programming inter-
face (API), or by applications that utilize the API. Exem-
plary applications include cloud desktop storage, a cloud
storage gateway, a Web-based content management system,
or the like, or a combination thereof. The server 120 may
include a public cloud, a personal cloud, or both. For
example, the acquired information may be stored in a
personal cloud that may be accessed after authorization by
way of authenticating, for example, a username, a password,
a secret code, or the like, or a combination thereof. Non
personalized information including, for example, methods
or calculation models, may be stored in a public cloud. No
authorization or authentication is needed to access the public
cloud. The information acquisition module 210, the analysis
module 220 and the output module 230 may retrieve or load
information or data from the public cloud or the personal
clouds. Any one of these modules may be configured to
transmit signals and data to the public cloud or personal
cloud.

[0075] Connection or transmission between any two of the
information acquisition module 210, the analysis module
220, and the output module 230 may be via a wired
connection, a wireless connection, or the like, or a combi-
nation thereof. At least two of these modules may be
connected with different peripheral equipment. At least two
of these modules may be connected with the same peripheral
equipment. The peripheral equipment 240 may be connected
with one or more modules via a wired connection, a wireless
connection, or the like, or a combination thereof. Those
skilled in the art should understand that the above embodi-
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ments are only utilized to describe the invention in the
present disclosure. There are many modifications and varia-
tions to the present disclosure without departing the spirit of
the invention disclosed in the present disclosure. For
example, the information acquisition module 210 and the
output module 230 may be integrated in an independent
module configured for acquiring and outputting signals or
results. The independent module may be connected with the
analysis module 220 via a wired connection, a wireless
connection, or the like, or a combination thereof. The three
modules in the engine 200 may be partially integrated in one
or more independent modules or share one or more units.

[0076] The connection or transmission between the mod-
ules in the system 100, or between the modules and the
peripheral equipment 240, or between the system and the
server 120 should not be limited to the descriptions above.
All the connections or transmissions may be used in com-
bination or may be used independently. The modules may be
integrated in an independent module, i.e. functions of the
modules may be implemented by the independent module.
Similarly, one or more modules may be integrated on a
single piece of peripheral equipment 240. Any one of the
connections or transmissions mentioned above may be via a
wired connection, a wireless connection, or the like, or a
combination thereof. For example, the wired connection or
wireless connection may include, for example, a wire, a
cable, satellite, microwave, blue tooth, radio, infrared, or the
like, or a combination thereof.

[0077] The engine 200 may be implemented on one or
more processors. The modules or units of the engine 200
may be integrated in one or more processors. For example,
the information acquisition module 210, the analysis module
220, and the output module 230 may be implemented on one
or more processors. The one or more processors may trans-
mit signals or data with a storage device (not shown in FIG.
2), the peripheral equipment 240, and the server 120. The
one or more processors may retrieve or load signals, infor-
mation, or instructions from the storage device (not shown
in FIG. 2), the peripheral equipment 240, or the server 120,
and process the signals, information, data, or instructions, or
a combination thereof, to calculate one or more physiologi-
cal parameters of interest. The one or more processors may
also be connected or communicate with other devices relat-
ing to the system 100, and transmit or share signals, infor-
mation, instructions, the physiological parameters of inter-
est, or the like with such other devices via, for example, a
mobile phone APP, a local or remote terminal, or the like, or
a combination thereof.

[0078] FIG. 3 is a flowchart showing an exemplary pro-
cess for estimating a physiological parameter of interest
according to some embodiments of the present disclosure.
Information regarding a subject may be acquired in step 310.
The information acquisition may be performed by the infor-
mation acquisition module 210. The acquired information
may include physiological information of the subject, envi-
ronmental information relating to the ambient surrounding
the subject at or around the acquisition time, information
provided by the subject or a user other than the subject. The
acquired information may include a PPG signal, an ECG
signal, a pulse rate, a heart rate, a heart rate variation, blood
oxygen saturation, respiration, muscle state, skeleton state, a
brainwave, a blood lipid level, a blood sugar level, the
height, the weight, the age, gender, the body temperature, the
arm length, an illness history, the room temperature, humid-
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ity, air pressure, an air flow rate, the ambient light intensity,
or the like, or a combination thereof. At least some of the
acquired information may be analyzed at 320. Via the
analysis, various features of at least some of the acquired
information may be identified. For example, the acquired
information may include a PPG signal and an ECG signal;
the identified features of these signals may include, for
example, waveform. characteristic points, peak points, val-
ley points, amplitude, time intervals, phase, frequencies,
cycles, or the like, or a combination thereof. Analysis based
on the identified features may be carried out in step 320. For
example, the physiological parameter of interest may be
calculated or estimated based on the identified features. The
physiological parameter of interest estimated based on the
acquired PPG signal and ECG signal may include, for
example, the BP, the SBP, the DBP, or the like, or a
combination thereof. The physiological parameter of interest
may be outputted in step 330. Some of the acquired infor-
mation may be outputted in step 330. The output may be
displayed to the subject or a user other than the subject,
printed, stored in a storage device or the server 120, trans-
mitted to a device further process, or the like, or a combi-
nation thereof. It should be noted that after analysis in step
320, a new acquisition step may be performed in step 310.

[0079] This description is intended to be illustrative, and
not to limit the scope of the present disclosure. Many
alternatives, modifications, and variations will be apparent
to those skilled in the art. The features, structures, methods,
and other characteristics of the exemplary embodiments
described herein may be combined in various ways to obtain
additional and/or alternative exemplary embodiments. For
example, a pre-treatment step may be added between step
310 and step 320. In the pre-treatment step, the acquired
signals may be pre-treated, in order to reduce or remove
noise or interferences in the signals originally acquired. For
example, a sophisticated, real-time digital filtering may be
used to reduce or remove high-frequency noise from the
PPG or ECG signal, allowing their features to be accurately
identified. Exemplary pre-treatment methods may include
low-pass filtering, band-pass filtering, wavelet transform,
median filtering, morphological filtering, curve fitting, Hil-
bert-Huang transform, or the like, or a combination thereof.
Descriptions regarding methods and systems for reducing or
removing noise from a physiological signal, for example, a
PPG signal or an ECG signal, may be found in, for example,
International Patent Application Nos. PCT/CN2015/077026
filed Apr. 20, 2015, PCT/CN2015/077025 filed Apr. 20,
2015, and PCT/CN2015/079956 filed May 27, 2015, each of
which is incorporated by reference. One or more other
optional steps may be added between step 310 and step 320,
or elsewhere in the exemplary process illustrated in FIG. 3.
Examples of such steps may include storing or caching the
acquired information.

[0080] FIG. 4 is a block diagram illustrating an architec-
ture of an information acquisition module according to some
embodiments of the present disclosure. The information
acquisition module 210 may be connected to or otherwise
communicate with, for example, the peripheral equipment
240, other modules 490, and the server 120 through the
network 150. The information acquisition module 210 may
be configured to acquire physiological signals, basic infor-
mation of a subject, environmental information surrounding
the subject, or the like, or a combination thereof. The
information acquisition module 210 may include one or
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more acquisition units (such as a basic information acqui-
sition unit 410, an environmental information acquisition
unit 420, an ECG acquisition unit 430, or the like, as shown
in FIG. 4), a control unit 470, and a storage unit 480. The one
or more acquisition units may be configured for acquiring
information relating to a subject, information provided by
the subject, a user other than the subject, and/or a related
third party (for example, a doctor, a healthcare worker, a
medical institution, a research facility, a peripheral device of
the subject or a user well-connected to the subject, or the
like), environmental information from the ambient sur-
rounding the subject at or around the acquisition time, or the
like, or a combination thereof. The one or more acquisition
units may include a basic information acquisition unit 410,
an environmental information acquisition unit 420, an ECG
acquisition unit 430, a PPG acquisition unit 440, an elec-
tromyography (EMG) acquisition unit 450, a blood oxygen
acquisition unit 460, or the like, or a combination thereof. In
some embodiments, the one or more acquisition units may
be connected or otherwise communicate with the control
unit 470 and the storage unit 480 in real time. The acqui-
sition process may be controlled in real time, and the storage
of the acquired information may be performed in real time.
In some embodiments, the one or more acquisition units may
be connected or otherwise communicate with the control
unit 470 and the storage unit 480 after a time delay. The
acquisition process may be controlled or modified after a
time delay since an acquisition cycle is finished. The storage
of the acquired information may be performed after a time
delay since the information is acquired. As used in herein,
the time delay may be in the order of seconds, or minutes,
or hours, or days, or longer, or the like. Similarly the one or
more acquisition units may be connected or otherwise
communicate with the peripheral equipment 240, or the
server 120, or other modules 490 in real time or after a time
delay.

[0081] The basic information acquisition unit 410 may be
configured for receiving the basic information relating to the
subject including, for example, the height, the weight, the
age (or the date of birth), the gender, the arm length, the
nationality, the occupation, a habit (for example, a health-
related habit such as an exercise habit), the education
background, a hobby, the marital status, religious belief, a
health-related history (for example, whether a subject has a
history of smoking, a food allergy, a drug allergy, a medical
treatment history, a family health history, a history of genetic
disease, information regarding a prior surgery, or the like, or
a combination thereof), contact information, emergency
contact, or the like, or a combination thereof. The basic
information relating to the subject may be provided by the
subject, a user other than the subject, or a third party (for
example, a doctor, a healthcare worker, a medical institution,
aresearch facility, a peripheral device of the subject or a user
well-connected to the subject, or the like). The basic infor-
mation relating to the subject may be loaded from the
peripheral equipment 240 or the server 120. The basic
information relating to the subject may be stored in the
storage unit 480, or may be stored in the server 120, or may
be stored in the peripheral equipment 240, or may be stored
in a storage device disclosed anywhere in the present
disclosure.

[0082] The environmental information acquisition unit
420 may be configured for acquiring environmental infor-
mation surrounding the subject, including temperature,
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humidity, air pressure, an air flow rate, an ambient light
intensity, or the like, or a combination thereof. The envi-
ronmental information may be acquired in a real time mode
(for example, at or around the acquisition time), or may be
acquired at a certain time interval (for example, independent
of the acquisition time). The environmental information may
be loaded from the server 120, or may be loaded from some
environment relating APPs (for example, a weather forecast
APP). The acquired environmental information may be
stored in the storage unit 480, or may be stored in the server
120, or may be stored in the peripheral equipment 240, or
may be stored in a storage device disclosed anywhere in the
present disclosure.

[0083] The ECG acquisition unit 430 may be configured
for acquiring the subject’s ECG signals by way of an
electrode sensing method. The electrode sensing method
may be a 12-lead method. The electrode sensing method
may be any conventional electrocardiographic lead method.
The acquired ECG signals may be stored in the storage unit
480, or may be stored in the server 120, or may be stored in
peripheral equipment 240, or may be stored in a storage
devices disclosed anywhere in the present disclosure. The
acquired signals may be transmitted to other modules 490
(for example, the analysis module 220 or the output module
230) in real time or after a time delay. It should be noted that
the ECG acquisition unit 430 may be configured for receiv-
ing the subject’s ECG signals from a related peripheral
device. The related peripheral device may be an ECG
monitor, a household ECG monitor, a portable ECG monitor,
a medical ECG monitor, or the like, or a combination
thereof.

[0084] The PPG acquisition unit 440 may be configured
for acquiring the subject’s PPG signals by way of a photo-
electric sensing method. The photoelectric sensing method
may be implemented by a single photoelectric sensor, or
may be implemented by an array of photoelectric sensors, or
may be implemented by a light source and an array of
receiving ends. The acquired PPG signals may be stored in
the storage unit 480, or may be stored in the server 120, or
may be stored in peripheral equipment 240, or may be stored
in a storage devices disclosed anywhere in the present
disclosure. The acquired PPG signals may be transmitted to
other modules 490 (for example, the analysis module 220 or
the output module 230) in real time or after a time delay. The
PPG acquisition unit 440 may be configured for acquiring
the subject’s PPG signals from multiple body locations (for
example, the head, the neck, the chest, the abdomen, the
upper arm, the wrist, the waist, the upper leg, the knee, the
ankle, or the like, or a combination thereof). In some
embodiments, one or more photoelectric sensors may be
placed on any one of the multiple body locations. In some
embodiments, one or more photoelectric sensor arrays may
be placed on any of the multiple body locations. It should be
noted that the PPG acquisition unit 440 may be configured
for receiving the subject’s PPG signals from a related
peripheral device. The related peripheral device may be a
PPG monitor, a household PPG monitor, a portable PPG
monitor, a medical PPG monitor, or the like, or a combina-
tion thereof.

[0085] The EMG acquisition unit 450 may be configured
for acquiring the subject’s EMG signals by way of a pressure
sensing method. An electrode patch may be placed on the
surface of the body to record a potential change, or an
electrode needle may be stick into the body surface to record
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a local potential change. The blood oxygen acquisition unit
460 may be configured for acquiring the subject’s blood
oxygen information by way of a photoelectric sensing
method. The blood oxygen information may be acquired
together with an acquisition of a PPG signal, or may be
acquired independently. The acquired EMG signals and
blood oxygen information may be stored in the storage unit
480, or may be stored in the server 120, or may be stored in
the peripheral equipment 240, or any storage device dis-
closed anywhere in the present disclosure.

[0086] The one or more acquisition units may communi-
cate with one or more sensors to acquire information sensed,
detected or measured by the one or more sensors. Exemplary
sensors include an electrode sensor, an optical sensor, a
photoelectric sensor, a conductance sensor, a pressure sen-
sor, an accelerometer, a gravity sensor, a temperature sensor,
a moisture sensor, or the like, or a combination thereof.
[0087] Merely by way of example, an optical sensor may
include an integrated photodetector, amplifier, and a light
source. The light source may emit radiation of wavelengths
of, for example, the visible spectrum, the infrared region, or
the like, or a combination thereof. The photodetector may
detect the reflected radiation. The optical sensor may be
placed at a body location on a subject to detect a pulse-
related signal of a subject. In one example, multiple wear-
able PPG sensors may be placed at multiple body locations
on a subject. The multiple locations may include the head,
the neck, the chest, the abdomen, the upper arm, the wrist,
the waist, the upper leg, the knee, the ankle, or the like, or
a combination thereof. In another example, a PPG sensor
array including a series of PPG sensors may be placed at a
body location on a subject. In some embodiments, the PPG
sensors may be assembled into one device. The device may
be a wearable or portable device including, for example, a
T-shirt, a smart watch, a wristband, or the like, or a com-
bination thereof. The device may further include one or
more processors or processing units. The processor or the
processing unit may be configured for controlling the pro-
cess of information acquisition, or may be configured for
performing one or more operations of any of the modules.
Signals or data may be transmitted between sensors placed
at different locations. The transmission may be via a wireless
connection (for example, wifi, blue tooth, near-field com-
munication (NFC), or the like, or a combination thereof), a
wired connection, or the like, or a combination thereof. For
example, signals received by the sensors may be transmitted
through a wireless body sensor network (BSN) or an intra-
body communication (IBC).

[0088] The information acquisition module 210 may
include other one or more acquisition units other than those
described above, such as an acquisition unit (not shown in
FIG. 4) configured for acquiring a BCG signal, an acquisi-
tion unit (not shown in FIG. 4) configured for acquiring
body temperature information of the subject, an acquisition
unit (not shown in FIG. 4) configured for acquiring a blood
density information of the subject, an acquisition unit (not
shown in FIG. 4) configured for acquiring a pH value
information of the blood, or the like, or a combination
thereof.

[0089] This description is intended to be illustrative, and
not to limit the scope of the present disclosure. Many
alternatives, modifications, and variations will be apparent
to those skilled in the art. The features, structures, methods,
and other characteristics of the exemplary embodiments
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described herein may be combined in various ways to obtain
additional and/or alternative exemplary embodiments. For
example, the acquisition units may be integrated into an
independent unit configured for acquiring more than one
information or signal relating to the subject. At least some of
the acquisition units may be integrated into one or more
independent units.

[0090] The control unit 470 may be configured for con-
trolling a factor or a condition during the information
acquisition process. The factor or condition may include
ON/OFF of the acquisition units, the configuration of infor-
mation acquisition, a sampling rate, an acquisition cycle, the
transformation or processing of the acquired information,
the sequence of acquiring different signals, the selection of
One or more sensors or sensor arrays, the arrangement of the
sensors, the arrangement of a sensor array, the number
and/or shape of one or more electrodes of a sensor array, the
selection of one or more light sources, the sensitivity or
accuracy of a sensor or sensor array, or the like, or a
combination thereof.

[0091] Merely by way of example, the control unit 470
may be configured for controlling the selection of different
PPG sensors or PPG sensor arrays for a signal acquisition
process according to some embodiments of the present
disclosure. As described above, the sensor configuration in
the PPG acquisition unit 440 may be a single photoelectric
sensor, or a plurality of photoelectric sensors, or a single
sensor array, or a plurality of sensor arrays. A specific sensor
configuration may be selected during a specific acquisition
process. The selection of a sensor configuration may be
performed based on a feature of a subject. Exemplary
features may include height, weight, gender, body size, or
the like, or a combination thereof. In some embodiments, the
selection may be performed through a stepper machine, or
through a micro-motor. In some embodiments, the selection
may be performed using memory materials (for example, a
memory metal). In another example, the control unit 470
may be configured for adjusting a location of a sensor or a
sensor array according to the body size of a subject. In
another example, the control unit 470 may be configured for
adjusting the arrangement of a sensor or a sensor array
according to the height or weight of a subject. The process
of the adjustment may be performed automatically, or may
be performed at least partially manually. For instance, the
control unit 470 may calculate or determine, based on the
height of a subject, a desirable location of a sensor; the
subject, a user other than the subject, and/or a related third
party may manually place the sensor or sensor array at the
desirable location.

[0092] The control unit 470 may include one or more
control sub-units (not shown in FIG. 4). In some embodi-
ments, the control sub-units (not shown in FIG. 4) may
perform different control functions, respectively. In some
embodiments, the control sub-units (not shown in FIG. 4)
may be configured for controlling different acquisition units,
respectively. In some embodiments, the control sub-units
(not shown in FIG. 4) may perform one or more control steps
and control the information acquisition in series (for
example, a control step performed after another control step
at or around the same time). The control unit 470 may
include a micro-processor. The micro-processor may be
configured to execute one or more instructions provided by
the subject, a user other than the subject, and/or a related

third party.
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[0093] The storage unit 480 may be configured for storing
acquired information, control factor or condition, or intet-
data during the information acquisition. The storage unit 480
may include one or both of a system storage (for example,
a disk) that is provided integrally (i.e. substantially non-
removable) with the component, and a removable storage
that is removably connectable to the component via, for
example, a port (for example, a USB port, a firewire port,
etc.) or a drive (for example, a disk drive, etc.). The storage
unit 480 may include or be connectively operational with
one or more virtual storage resources (for example, cloud
storage, a virtual private network, and/or other virtual stor-
age resources). The storage unit 480 may include a hard
disk, a floppy disk, selectron storage, RAM, DRAM, SRAM
bubble memory, thin film memory, magnetic plated wire
memory, phase change memory, flash memory, cloud disk,
or the like, or a combination thereof. The storage unit 480
may be connected or otherwise communicate with other
modules 490, the server 120, and the peripheral equipment
240. The storage unit 480 may include memory or electronic
storage media described in connection with FIG. 1 and
elsewhere in the present disclosure.

[0094] This description is intended to be illustrative, and
not to limit the scope of the present disclosure. Many
alternatives, modifications, and variations will be apparent
to those skilled in the art. The features, structures, methods,
and other characteristics of the exemplary embodiments
described herein may be combined in various ways to obtain
additional and/or alternative exemplary embodiments. For
example, the storage unit 480 is not necessary, the storage
may be implemented through other storage media described
elsewhere in the present disclosure. The storage unit 480
may be integrated into the acquisition units or may be
integrated in the control unit 470.

[0095] FIG. 5-A and FIG. 5-B are schematic diagrams
showing an exemplary arrangement or location of the ECG
sensors and PPG sensors according to some embodiments of
the present disclosure. An ECG sensor may be an electrode
sensor including one or more electrodes. The one or more
electrodes may be used for sensing the potential change
indicating the cardiac activity of a subject wearing the
sensor. Merely by way of example, an ECG sensor may
include 10 electrodes in a 12-lead form for acquiring ECG
signals. FIG. 5-A illustrates exemplary locations on the body
of a subject where the 10 electrodes of the ECG sensor may
be placed according to a 12-lead form. In the 12-lead form,
the 10 electrodes may be located on one or more limbs
and/or on the he chest of the subject, as shown in FIG. 5-A.
For instance, the locations of the 10 electrodes may include
the right arm (RA), the left arm (LA), the right leg (RL), the
left leg (LL), the fourth intercostal space to the right of the
sternum (V1), the fourth intercostal space to the left of the
sternum (V2), the fifth intercostal space in the mid-clavicu-
lar line (V4), between leads V2 and V4 (V3), horizontally
even with V4 in the left anterior axillary line (V5), and
horizontally even with V4 and V5 in the mid axillary line
(V6). The 10 electrodes may form 12 different leads repre-
senting or measuring the electrical potential difference
between pairs of body points. In this embodiment, the
overall magnitude of the heart’s electrical potential may be
measured from 12 different angles (“leads™). It is understood
that the 12-lead ECG sensor is described for illustration
purposes, and not intended for limiting the scope of the
present disclosure. An ECG sensor of another form may be
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used for acquired ECG signals, e.g., a five-lead form. Also
see, for example, International Application No. PCT/
CN2015/083334 filed Jul. 3, 2015, the entire contents of
which are hereby incorporated by reference.

[0096] According to some embodiments of the present
disclosure, the PPG sensor may be a photoelectric sensor.
FIG. 5-B illustrates the locations on the body of a subject
where the photoelectric sensors may be placed. The photo-
electric sensor may include an emitting end for emitting a
light source and a receiving end used for acquiring a signal
resulting from the emitted light source. The acquired signal
may be used to derive or provided a PPG value. For brevity,
a PPG signal, as used herein, may refer to the derived PPG
value, or the acquired signal used to derive the PPG value.
The light source may include a light source of a suitable
wavelength including, for example, red, green, blue, infra-
red, purple, yellow, orange, or the like, or a combination
thereof. The spectrum of the light sources may include
visible spectrum, infrared spectrum, far-infrared spectrum,
or the like, or a combination thereof. The receiving end may
be a detector that may detect the quantity of the received
signals and/or a change thereof, and/or provide a corre-
sponding output (for example, an electrical signal or an
optical signal).

[0097] As shown in FIG. 5-B, the photoelectric sensors
may be placed on or at multiple body locations of a subject.
The locations may include the head, the neck, the chest, the
abdomen, the upper arm, the wrist, the waist, the upper leg,
the knee, the ankle, or the like, or a combination thereof. The
photoelectric sensors placed on or at multiple body locations
may be used for acquiring multiple PPG signals including
the pulse related information of the corresponding body
locations. Merely by way of example, the light source of the
photoelectric sensor placed on the head of the subject may
emit one or more light signals to the nearby blood vessels
and the receiving end may acquire one or more signals
resulting from the emitted light source. In some embodi-
ments, the acquired signal may be or relate to a PPG signal
indicating a pulse or blood related information of the head
or a portion thereof. In some embodiments, the acquired
PPG signal may be used for calculating a physiological
parameter of interest (for example, blood pressure) indicat-
ing a health condition of the head, or a portion thereof, of the
subject. In some embodiments, a variation of the PPG wave
may indicate a variation of the blood vessel(s) or a variation
of the blood viscosity of the nearby location of the head, or
a portion thereof, of the subject. Similarly, blood related
information of other body locations may be acquired by one
or more photoelectric sensors placed on one or more body
locations.

[0098] This description is intended to be illustrative, and
not to limit the scope of the present disclosure. Many
alternatives, modifications, and variations will be apparent
to those skilled in the art. The features, structures, methods,
and other characteristics of the exemplary embodiments
described herein may be combined in various ways to obtain
additional and/or alternative exemplary embodiments. For
example, in addition to the location configuration shown in
FIG. 5-B, one or more photoelectric sensors may be added
to other body locations. On a body location, a sensor array
other than an independent sensor may be placed (will be
described in detail in FIG. 6).

[0099] FIG. 6-A through FIG. 6-D are schematic diagrams
showing exemplary sensor arrays according to some
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embodiments of the present disclosure. A sensor array may
include a plurality of portions. A portion of the sensor array
may be a sensor, or a receiving end of a sensor, or an
emitting end of a sensor. As shown in FIG. 6-A through FIG.
6-D, the portions of the sensor array may be arranged in an
oval array, a rectangular array, a thombus array, a circular
array, or the like, or a combination thereof.

[0100] Insome embodiments, a portion of the sensor array
may be a sensor. The sensor array may include one or more
types of sensors. For instance, a sensor array may include at
least one photoelectric sensor and at least another type of
sensor. In one example, the sensor array may include a series
of PPG sensors. The sensor array may be configured for
acquiring a series of PPG signals.

[0101] Insome embodiments, a portion of the sensor array
may be a receiving end of a sensor. The sensor array may
include one or more receiving ends. The one or more
receiving ends may be configured for receiving signals
based on a same light source, or based on different light
sources. The light sources may be emitted by one or more
emitting end of a sensor. The one or more emitting ends may
be integrated in the sensor array, or located outside of the
sensor array, or located in any module or unit of the system.
In one example, during the detection of PPG signals, the one
or more emitting ends may emit a series of light signals
simultaneously or successively toward a location of interest.
Thus the sensor array may acquire a series of signals. In
some embodiments, the series of acquired signals may be
used to provide a series of PPG signals detected from the
body location of interest.

[0102] Insome embodiments, a portion of the sensor array
may be an emitting end of a sensor. The sensor array may
include one or more emitting ends. The one or more emitting
ends may be configured for emitting a series of lights toward
a body location of interest. One or more receiving ends may
be integrated in the sensor array, or located outside of the
sensor array, or located in a module or a unit nearby the
sensor array. The one or more receiving ends may acquire a
series of signals based on the series of lights emitted by the
series of emitting ends. In some embodiments, the series of
the acquired signals may be used to provide a series of PPG
signals detected from the body location of interest.

[0103] In some embodiments, the signals acquired by a
sensor array may be analyzed and/or processed using one or
more signal processing methods including, for example,
those described in FIG. 8-A through FIG. 8-E. In some
embodiments, the acquired signals may be processed or
analyzed to generate a new signal. Merely by way of
example, the new signal may be the mean value or the
average value of the acquired signals. As another example,
the signals acquired by a sensor array may include a first
acquired signal and a second acquired signal; the first
acquired signal may indicate a measurement error; the
second acquired signal may include or be affected by the
measurement error; the first acquired signal may be used to
correct or otherwise modify a second acquired signal. For
instance, a series of PPG signals may be acquired using a
sensor array. The sensor array may include an emitting end
of a PPG sensor that may emit different light signals, and
two receiving ends that may acquire PPG signals relating to
PPG based on the emitted light signals. A first acquired
signal may relate to a measurement error arising from the
movement of an internal organ of a subject; a second
acquired signal may be a coarse PPG signal including at
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least part of the measurement error; the first acquired signal
and the second acquired signal may be analyzed and pro-
cessed to generate a new PPG signal that at least part of the
measurement error is corrected. The new PPG signal may be
used for calculating a physiological parameter of interest in
subsequent steps.

[0104] FIG. 6-A illustrates an oval array including eleven
portions. FIG. 6-B illustrates a rectangular array including
nine portions. FIG. 6-C illustrates a rhombus array including
nine portions. FIG. 6-D illustrates a circular array including
nine portions.

[0105] This description is intended to be illustrative, and
not to limit the scope of the present disclosure. Many
alternatives, modifications, and variations will be apparent
to those skilled in the art. The features, structures, methods,
and other characteristics of the exemplary embodiments
described herein may be combined in various ways to obtain
additional and/or alternative exemplary embodiments. For
example, other than the oval array, the rectangular array, the
rhombus array, the circular array, other types of array may
be used for the sensor array design. As another example, an
oval array may include more than or fewer than eleven
portions. As still another example, the locations of the
portions may be different from those illustrated in FIG. 6-A
through FIG. 6-D. For instance, a rectangular array may be
a 3x3 array, a 6x6 array, a 9x9 array, an mxm array, an mxn
array in which m may be different from n, or the like, or a
combination thereof. In still a further example, a sensor
array may include at least two types of sensors. For instance,
a sensor array may include a PPG sensor and a temperature
Sensor.

[0106] FIG. 7 is a flowchart of an exemplary process for
estimating a blood pressure according to some embodiments
of the present disclosure. Beginning in step 710, information
including a first signal and one or more a plurality of second
signals may be acquired. In some embodiments, a plurality
of first signals may be acquired. The acquisition of the
signals or related information may be performed by the
information acquisition module 210. At least some of the
signals or related information may be acquired by one or
more sensors. At least some of the sensors may be part of or
communicate with the system 100 or a portion thereof. At
least some of the signals or related information may be
provided by, for example, a subject, a user other than the
subject, or a third party. At least some of the signals or
related information may be retrieved from the information
acquisition module 210, the server 120, the storage unit 480,
a storage device anywhere disclosed in the present disclo-
sure, or the like, or a combination thereof. Merely by way of
example, the first and the second signals may be physiologi-
cal signals including, for example, an electrocardiogram
(ECG) signal, a pulse-related (or pulse-wave-related) signal
(for example, a PPG signal), a phonocardiogram (PCG)
signal, an impedance cardiogram (ICG) signal, or the like, or
any combination thereof. For example, the first signal may
be an ECG signal; the second signal(s) may be a plurality of
PPG signals. The ECG signal may be detected in a 12-lead
form illustrated in FIG. 5-A. The plurality of second signals
may be acquired by a plurality of sensors or sensor arrays.
For instance, a plurality of second signals may be acquired
using a plurality of sensors, a plurality of sensor arrays
placed on multiple body locations of the subject illustrated
in FIG. 5-B. As another example, at least one second signal
may be acquired using a sensor; at least one second signal
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may be acquired using a sensor array; the sensor and the
sensor array may be placed at a same body location of the
subject, or at different body locations of the subject.
[0107] In some embodiments, the first signal and the
plurality of second signals may be acquired simultaneously,
at or around the same time. In some embodiments, the
plurality of second signals may be acquired simultaneously,
at or around the same time. In some embodiments, the
plurality of second signals may be acquired successively.
[0108] In step 720, at least some of the acquired informa-
tion may be pre-treated. In some embodiments, the acquired
first signal and/or the acquired plurality of second signals
may be pre-treated. The pre-treatment may be performed to
reduce or remove noise or interferences in the signals or
signal related data. The pre-treatment may be performed by
the analysis module 220. Exemplary methods that may be
used in the pre-treatment may include low-pass filtering,
band-pass filtering, wavelet transform, median filtering,
morphological filtering, curve fitting, Hilbert-Huang trans-
form, or the like, or any combination thereof. During the
process of the pre-treatment, the methods mentioned herein
may be used in parallel or may be used in combination.
Descriptions regarding methods and systems for reducing or
removing noise from a physiological signal, for example, a
PPG signal or an ECG signal, may be found in, for example,
International Patent Application Nos. PCT/CN2015/077026
filed Apr. 20, 2015, PCT/CN2015/077025 filed Apr. 20,
2015, and PCT/CN2015/079956 filed May 27, 2015, each of
which is incorporated by reference. Additionally, real-time
transformation of time domain or frequency domain may
also be implemented in step 720, and the signals or related
information may be used in time domain, frequency domain,
or both.

[0109] Instep 730 and in step 740, a first feature of the first
signal and a plurality of second features of the plurality of
second signals may be recognized. The recognition of the
first feature and the second features may be performed
simultaneously, at or around the same time, or may be
performed successively. In the exemplary context of blood
pressure monitoring, the first signal or the second signals
may include an ECG signal, a PPG signal, a BCG signal, or
the like; exemplary features of the first signal or the second
signals may include waveform, characteristic points, ampli-
tude, phase, frequency, cycle, a first-order moment of a
signal, a high-order moment of a signal, a first-order deriva-
tive of a signal, a high-order derivative of a signal, or the
like, or any combination thereof. The characteristic points
may include a peak point, a valley point, a fastest rising
point of a wave, a starting point of a wave, an end point of
a wave, or the like, or a combination thereof. In some
embodiments, the features recognized in step 730 and in step
740 may include a peak point of the R wave on an ECG
signal, a maximum positive peak of a PPG signal, a fastest
rising point of a PPG signal, a start point of a PPG wave, or
the like, or a combination thereof.

[0110] Insome embodiments, before the recognition of the
plurality of second features, the plurality of second signals
may be analyzed and processed. In some embodiments, the
plurality of second signals may be mathematically pro-
cessed. One second signal from the plurality of second
signals may be used for correcting one or more second
signals of the plurality of second signals. The plurality of
second signals may be analyzed and processed to generate,
one or more new signals (also may be referred to as “a third
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signal”). In some embodiments, the plurality of second
signals may be a plurality of PPG signals acquired by a
plurality of sensors and/or sensor arrays placed on multiple
body locations of the subject. For example, the plurality of
second signals may be multiple PPG signals acquired by
multiple PPG sensors located on multiple body locations of
the subject. In another example, the plurality of second
signals may be multiple series of PPG signals acquired by
multiple sensor arrays as illustrated in FIG. 6-A through
FIG. 6-D placed on or at multiple body locations of the
subject. As used herein, “a series of PPG signals” refers to
PPG signals acquired by a sensor array from a body location
of the subject. Thus “multiple series of PPG signals” may
refer to PPG signals acquired by multiple sensor arrays from
multiple body locations of the subject. Exemplary body
locations may include the head, the neck, the chest, the
abdomen, the upper arm, the wrist, the waist, the upper leg,
the knee and the ankle. In some embodiments, a series of
PPG signals acquired by a sensor array may be analyzed and
processed using one or more signal processing methods
including, for example, those described in FIG. 8-A through
FIG. 8-E, to generate a new PPG signal. Thus a plurality of
new PPG signals may be generated from multiple series of
PPG signals. In some embodiments, the new PPG signal
may be the mean value or the average value of the plurality
of acquired PPG signals. Then a plurality of second features
may be recognized from the plurality of new PPG signals in
step 740.

[0111] In step 750, a plurality of parameters based on the
recognized features of the first and the plurality of second
signals may be determined. In some embodiments, the
parameter may be the pulse transit time (PTT). As used
herein, the pulse transit time may refer to the time interval
between the characteristic points of an ECG signal and a
pulse wave related signal including, for example, a PPG
signal. In one example, PTT is determined by a time interval
between an ECG fiducial point (typically the R peak, but
also the Q/S peak, or even the peak of a P/T wave may be
used) and a fiducial point marking the pulse arrival (e.g., a
start point of the PPG wave, a fastest rising point, or the
like). In another example, PIT is determined by a time
interval between two pulse wave signals (e.g., two PPG
signals) detected at different body locations, e.g., the carotid
and femoral arteries. The plurality of determined parameters
may be used for calculating blood pressures in step 760. In
some embodiments, blood pressure may be calculated based
on the determined PTTs in step 760.

[0112] A pre-treatment step may be performed to assess an
acquired signal (for example, an ECG signal, a PPG signal,
etc.) before one or more features of the signal is identified.
For instance, an acquired ECG signal may be accessed
before one or more features of the signal is identified. The
assessment may be performed to evaluate whether a valid
ECG signal is acquired. The assessment may be performed
by way of, for example, a pattern recognition process. For
instance, the R peak of an acquired ECG signal may be
determined by the pattern recognition process. In some
embodiments, the system may identify an abnormal signal
or waveform (e.g., an abnormal sinus rhythm R wave,
another physiological signal, or the like) that may be unsuit-
able for determining PTT; such an abnormal signal or
waveform may be abandoned to avoid to be involved in the
subsequent calculation or analysis. In some embodiments,
the acquired ECG signal may be compared with a reference
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signal to determine whether the acquired ECG signal
includes an abnormal R wave. The reference signal may be
anormal sinus rhythm ECG signal, or may be retrieved from
a database having historical data.

[0113] The ECG waveform and the PPG waveform are
cyclical signals, i.e. the characteristic points occur substan-
tially cyclically or periodically. Thus PTT' is approximated
by a time interval of the maximum point on the QRS
complex on the ECG waveform and a peak point on a
subsequent (second) PPG waveform. Similarly, PTT" also
may be approximated by a time interval between the peak
point on the QRS complex on the ECG waveform and a peak
point on a further (third) PPG waveform. The value of PTT'
and the value of PTT" are larger than that of PTT, and errors
or deviations may occur while estimating blood pressure or
other physiological parameters of interest based on such
inaccurate PTT' and PTT" values. Such errors or deviations
may be avoided or reduced by using a PPG waveform from
the same cycle (driven by the same heart beat) as the ECG
waveform. Thus, during recognition of characteristic points
of the PPG waveform, a threshold may be set regarding the
time window or segment within which the characteristic
points on the PPG waveform may be identified and used to
determine PTT. In one example, the time window may be 2
seconds or less. Merely by way of example, an analysis to
identify a fiduciary point on a PPG waveform is performed
on a segment of the PPG waveform occurring within 2
seconds from the time point when the maximum point on the
ECG waveform is identified, in order to approximate the
PTT. As another example, an analysis to identify a fiduciary
point on a PPG waveform is performed on a segment of the
PPG waveform occurring between two consecutive peak
points on the ECG waveform, in order to approximate the
PTT. As a further example, the time window may be set
based on the heart rate of the subject. For instance, the time
window may be set based on the heart rate of the subject at
or around the acquisition time, or an average heart rate of the
subject for a period of time, or an average heart rate of a
group of people (for example, a sub-group of people who
share a same or similar characteristic with the subject;
exemplary characteristic may include age, gender, nation,
stature, weight, a body fat percentage, color of skin, a family
health history, a life style, an exercise habit or other habit,
diet, occupation, illness history, education background,
marital status, religious belief, or the like, or any combina-
tion thereof.

[0114] Thecycle of ECG or the cycle of PPG may vary. As
an example, the cycle of ECG or the cycle of PPG of
different subjects may be different. As another example, the
cycle of ECG or PPG of the same subject may vary under
different situations (e.g., when the subject is exercising or
asleep, at different times of a day, at the same or similar time
on different days), or the like, or a combination thereof. In
one example, the time window threshold may be set based
on the heart rate of a subject (for example, the cycle of
average person is approximately 60-120 beats per minute).
The heart rate may be an average value over a period of time
(e.g., a week, a month, a year, or the like). The heart rate may
be one measured at or around the acquisition time. The heart
rate may be measured based on, e.g., the ECG signal, the
PPG signal, or the like. The time window may be set or
updated based on the measured heart rate. In another
example, the time window may be set by, e.g., the system,
the subject, or a user other than the subject, based on the
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physiological information of the subject. For example, the
physiological information may include motion or not, taking
medicine or not, good or bad mood, emotional stress or not,
or the like, or a combination thereof. In another example, the
time window may be a fixed value defined by the system, the
subject, or a user other than the subject (e.g., his doctor,
health care provider, or the like).

[0115] In step 750, a parameter such as PTTV (pulse
transit time variation) may be approximated based on a
group of determined PTT. A parameter such as HRV may be
determined based a group of ARR. As used herein, ARR
refers to as a time interval between two adjacent R waves
(the maximum point of a QRS waveform). More descrip-
tions regarding the determination of the PTT may be found
in International Patent Application No. PCT/CN2015/
083334 filed Jul. 3, 2015, which is hereby incorporated by
reference.

[0116] In some embodiments, relation information among
the plurality of parameters may be generated (not shown in
FIG. 7). The relation information may be stored in the server
120, the analysis module 220, or any storage device dis-
closed anywhere in the present disclosure. In some embodi-
ment, the relation information may provide guidance regard-
ing a compensation term. The compensation term may be
added to a model used to calculate a blood pressure in step
760. See, for example, Equation 9. In some embodiments, a
relation information among the acquired plurality of second
signals may be generated (not shown in FIG. 7). Similarly
the relation information may be retrieved to generate a
compensation term.

[0117] In step 760, a plurality of blood pressure values
may be calculated based on the parameter(s) including, for
example, the determined PTT, PTTV, HRV, or the like, or a
combination thereof. One or more calculation models may
be stored in the server 120, the analysis module 220, or any
storage device disclosed anywhere in the present disclosure.
During the calculation, one or more favorite models may be
retrieved based on the subject’s personal data, universal
data, additional information in a history, or the like, or a
combination thereof. As used herein, a favorite model may
refer to a model that may provide a more accurate estimation
of a physiological parameter of interest from acquired
information than one or more other models.

[0118] In some embodiments, the plurality of second
signals acquired in step 710 may be a plurality of PPG
signals acquired from multiple body locations of the subject.
Thus in step 760, a plurality of blood pressure values of a
plurality of body locations may be calculated based on the
plurality of PPG signals. Similarly, in some embodiments, a
plurality of physiological parameters of interest of multiple
body locations may be calculated. Relation information
among the plurality of blood pressures may be generated
(not shown in FIG. 7). As described above, in some embodi-
ments, relation information among the determined plurality
of parameters or relation information among the plurality of
second signals may be generated.

[0119] In some embodiments, the relation information
may be used to detect whether an error occur during calcu-
lating the physiological parameters. For instance, an error of
the second signal at one body location may indicate a
possible problem with the measurement of at least part of or
the entire set of the second signals. As another example, the
relation information including the distribution of the second
signals at multiple body locations may indicate a pathologi-
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cal condition. For instance, the deviation from a normal
distribution of blood pressure derived from the second
signals at multiple body locations of a subject may indicate
arteriosclerosis.

[0120] In some embodiments, a guide information may be
generated based on the relation information. The guide
information may relate to the selection of calculation models
that may be used to calculate the physiological parameter of
interest of the subject based on the acquired signals includ-
ing, for example, the first signal, the second signals, etc. For
instance, for a subject with arteriosclerosis and a subject
without arteriosclerosis, different calculation models may be
used to calculate blood pressure based on PTT values. The
guide information may be a modified model used for cal-
culating the physiological parameter of interest of the sub-
ject. In some embodiments, the modification may be to
include a compensation term. See, for example, Equation 9
described below. The compensation term may relate to the
distribution or interrelation of multiple second signals at
different body locations of the subject, or information
derived from the multiple second signals. For instance, the
compensation term may relate to the distribution of PTT
values at multiple body locations. The compensation term
may be a relationship of the difference between the PTT
values at two or more body locations. The relationship may
be expressed in the form of a linear function, an nth degree
polynomial, an exponential function, a logarithmic function,
a trigonometric function, an anti-trigonometric function, a
hyperbolic function, or the like, or a combination thereof.
For instance, a PTT value at the left arm may be compared
to a PTT value at the right arm. The interrelation or
difference between the two PTT values may be analyzed to
generate a compensation term. As another example, a com-
parison may be performed among a PPT value at the left
upper arm, a PPT value at the right upper arm, a PPT value
at the left ankle, and a PPT value at the right ankle; the
interrelation or difference between the four PTT values may
be analyzed to generate a compensation term.

[0121] Insome embodiments, the compensation term may
relate to one or more PTTV values. For instance, one or
more PTTV values may be determined based on a group of
determined PTT values at a body location. The compensa-
tion term may be the difference between the PTTV values.
The relationship may be expressed in the form of a linear
function, an nth degree polynomial, an exponential function,
a logarithmic function, a trigonometric function, an anti-
trigonometric function, a hyperbolic function, or the like, or
a combination thereof. In some embodiments, the compen-
sation term may relate to one or more HRV values (as
described above). Similarly the compensation term may be
a relationship of the difference between the HRV values.

[0122] Insome embodiments, the compensation term may
relate to a combination of a PTTV value, an HRV value, the
interrelationship or difference between two or more PTT
values of various body locations, or the like. In some
embodiments, the compensation term may be a relationship
of a PTTV value and an HRV value. In some embodiments,
the compensation term may be a relationship of an HRV
value and the interrelationship or difference between two or
more PTT values of various body locations. In some
embodiments, the compensation term may be a relationship
of aPTTV value at a body location and the interrelationship
or difference between two or more PTT values of various
body locations. The relationship may be expressed in the
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form of a linear function, an nth degree polynomial, an
exponential function, a logarithmic function, a trigonometric
function, an anti-trigonometric function, a hyperbolic func-
tion, or the like, or a combination thereof.

[0123] During the process, a calibration may be performed
in step 770. The calibration may be performed periodically,
upon a subject’s instruction, or the like, or a combination
thereof. The calibration may take time-varying properties
into account. The time-varying properties may include, e.g,,
the arterial propagation path of a specific subject, the heart
activity of a specific subject, the real-time temperature or
humidity, the updated fiducial BP of a specific subject, the
updated database storing historical data (SBP/DBP values,
BP calculating algorithms, etc.) of a specific subject, the
updated database storing reference data of people sharing
the same or similar characteristics (e.g., age, gender, stature,
weight, a body fat percentage, color of skin, a family health
history, a life style, an exercise habit, diet, a psychological
condition, a health condition, an education history, occupa-
tion, or the like, or any combination thereof), or the like, or
any combination thereof.

[0124] The calibration data may include physiological
parameters, information (e.g., environmental or personal
information) relating to the physiological parameter, or the
like, or a combination thereof. Exemplary physiological
parameters may include PTTO, SBPO, DBPO, PTTVO,
HRVO, or the like, or a combination thereof. Exemplary
models may include different functions or a same function
with different coefficients. At least some of the functions
may approximate or illustrate a correlation between a physi-
ological parameter of interest and the acquired signals (or
some features of the acquired signals). Exemplary functions
may include different polynomials, e.g., polynomials of
different degrees, polynomials of the same degree with
different coefficients, or the like, or a combination thereof.
For example, under on specific condition of the localized
analysis, only the calibration values (C) occurred within an
interval may be considered as suggested in Equation 1:

{C=(PTT,,Blocd Pressurey)|PTT-a<PTTo<PTT+b}.

[0125] In some embodiments, constants a and b in Equa-
tion 1 may be pre-defined independently of a specific
measurement. In some embodiments, constants a and b in
Equation 1 may be determined for a specific measurement.
The constants may be determined based on, e.g., the
acquired information and the physiological parameter of
interest (e.g., the blood pressure), from the subject, or from
other subjects (e.g., a sub-group of a general population).
The sub-group may share a same or similar characteristic
including, for example, age, gender, nation, stature, weight,
a body fat percentage, color of skin, a family health history,
a life style, an exercise habit or other habit, diet, occupation,
illness history, education background, marital status, reli-
gious belief, or the like, or any combination thereof. The
value of a and the value of b may be specified by a subject,
a user other than the subject, the system 100, or the like.

[0126] Inoneexample, the measured PTT is 1 second, and
only one or more sets of calibration values (C) with a PTT,
value falling within the range from 1-a second and 1+b
second may be considered. The value of a and the value of
b may be the same or different. Merely by a way of example,
the value of a is factor1 *PTT, the value of b is factor2*PTT.
The factor] and factor2 may be any number in the range of
(0, 1). In some embodiments, factorl or factor2 may be 2%,

Equation 1
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or 5%, or 8%, or 10%, or 12%, or 15%, or 20%, or 25%, or
larger than 25%. In some embodiments, factorl or factor2
may be lower than 50%, or lower than 40%, or lower than
30%, or lower than 25%, or lower than 20%, or lower than
15%, or lower than 12%, or lower than 10%, or lower than
8%, or lower than 5%. Factor!l and facor2 may be the same
or different.

[0127] More descriptions regarding methods, models,
calibration data for calculating and calibrating the physi-
ological parameter of interest may be found in International
Patent Application No. PCT/CN2015/083334 filed Jul. 3,
2015, which is hereby incorporated by reference.

[0128] While the foregoing has described what are con-
sidered to constitute the present disclosure and/or other
examples, it is understood that various modifications may be
made thereto and that the subject matter disclosed herein
may be implemented in various forms and examples, and
that the disclosure may be applied in numerous applications,
only some of which have been described herein. Those
skilled in the art will recognize that present disclosure are
amenable to a variety of modifications and/or enhancements.
For example, the pre-treatment step 720 may be unneces-
sary. Additionally, a third signal may be acquired if needed,
and the third signal may be a signal with the same type with
the first signal or the second signal, or may be a signal
different with the first signal or the second signal.

[0129] FIG. 8-A through FIG. 8-E provide an exemplary
signal processing according to some embodiments of the
present disclosure. The one or more second signals men-
tioned in FIG. 7 may be analyzed and processed. The
analysis and process may be performed by the analysis
module 220. The signals (S) may be acquired in step 801.
The acquisition may be performed by the information acqui-
sition module 210. The signals (S) to be processed may be
multiple PPG signals, multiple series of PPG signals, mul-
tiple blood oxygen data, multiple series of blood oxygen
data, multiple body temperature data, multiple series of body
temperature data, or the like, or a combination thereof. As
used herein, a series of data refers to a group or a set of data
detected from a specific body location of the subject. It is to
say that multiple series of PPG signals refers to multiple
group of PPG signals detected from multiple body locations
of the subject.

[0130] Then whether to select one or more body locations
where signals are to be acquired may be determined in step
802. If the answer is “yes”, one or more body locations may
be selected in step 807 and the signals detected from the
selected body location(s) may be accessed or acquired in
step 808. After the signals are accessed or acquired, at least
some steps starting from node A 809 as illustrated in FIG.
8-B may be performed.

[0131] If no body locations are selected, a plurality of
signals detected from multiple body locations may be loaded
in step 803. The signals may be loaded from the information
acquisition module 210, the server 120, the storage unit 480,
a storage device anywhere disclosed in the present disclo-
sure, or the like, or a combination thereof. In some embodi-
ments, the signals may include multiple PPG signals
detected by multiple sensors placed on multiple body loca-
tions. For example, multiple PPG signals may be detected by
multiple sensors placed on the left arm, the right arm, the left
leg, the right leg, or the like, or a combination thereof. In
some embodiments, the signals may include multiple series
of PPG signals detected by multiple sensor arrays placed on
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multiple body locations. For example, the signals may
include a series of PPG signals detected by a sensor array
placed on a body location and another series of PPG signals
detected by another sensor array placed on another body
location, or the like, or a combination thereof. Similarly, the
signals may include blood oxygen data, body temperature
data or other physiological data detected from multiple body
locations, or the like, or a combination thereof. The multiple
body locations may include the head, the neck, the chest, the
abdomen, the upper arm, the wrist, the waist, the upper leg,
the knee, the ankle, or the like, or a combination thereof.
[0132] At least some of the plurality of signals may be
processed to provide a new signal in step 804. The new
signal may be a signal derived from the plurality of signals
loaded in step 803. The new signal may be selected from the
plurality of signals loaded in step 803. The new signal may
be a signal calculated based on the plurality of signals loaded
in step 803. Methods of processing may include analog to
digital conversion, digital to analog conversion, statistical
analysis, least square method, method of mean value, mod-
eling method, linear function method, history threshold
iteration method, comparison method, inductive method,
image method, or the like, or a combination thereof.
[0133] Insome embodiments, the plurality of PPG signals
may be multiple series of PPG signals. The multiple series
of PPG signals may first be converted from analog signals to
digital signals expressed as below.

Suts) =D, (1, 4;).

[0134] As used herein, S, (t,) refers to a PPG signal,
D, (t,,A,) refers to the corresponding converted digital signal,
t; refers to a time point, A, refers to the amplitude of the
corresponding data point of the time point.

[0135] Then the data points corresponding to a time point
may be performed by a mathematical operation (for
example, an averaging operation), i.e., the amplitudes of the
data points may be operated to a processed value. The
mathematical operation process continues until the data
points of all the time points are processed. After the process
is finished, the processed values may be converted from
digital data to an analog signal. Thus the initial multiple
series of PPG signals are fused to a final new PPG signal.
[0136] In some embodiments, multiple blood oxygen data
or multiple body temperature data may be acquired from
multiple body locations of the subject. The multiple blood
oxygen data may be processed (for example, averaged) to
generate a new blood oxygen value. Similarly, the multiple
body temperature data may be processed to generate a new
body temperature value.

[0137] A physiological parameter of interest may be cal-
culated based on the new signal in step 805. In some
embodiments, the new signal may be a PPG signal. A blood
pressure may be calculated based on the PPG signal and an
ECG signal. The ECG signal may be acquired by the ECG
acquisition unit 430. More descriptions regarding the
method and process of the blood pressure calculation may be
found in International Patent Application No. PCT/CN2015/
083334 filed Jul. 3, 2015. The calculated physiological
parameter of interest, the acquired signals (S), or physiologi-
cal data of the subject may be uploaded to personal health
manager 900 in step 806. The personal health manager 900
may be described in detail in FIG. 9.

[0138] FIG. 8-B illustrates the process starting from node
A 809 regarding a signal processing of a body location

Equation 2
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according to some embodiments of the present disclosure. A
body location of the subject may be determined in step 810.
The body location may be the head, the neck, the chest, the
abdomen, the upper arm, the wrist, the waist, the upper leg,
the knee, the ankle, or the like, or a combination thereof.
Signals detected from the determined body location may be
loaded in step 811. For the determined body location, a
series of signals may be acquired by a sensor array. After the
body location is determined and the signals are loaded, a
reference signal may be set in step 812. In some embodi-
ments, the reference signal may be a real physiological
signal, or may be a virtual simulated signal. In some
embodiments, the reference signal may be an integral signal,
or may be a portion of an integral signal. In some embodi-
ments, the reference signal may be an analog signal, or may
be a digital signal. In some embodiments, the reference
signal may be a waveform, or may be one or more data
points. In some embodiments, the reference signal may be
an accurate signal waveform, or may be a schematic outline.
In some embodiments, the reference signal may be an
independent signal, or may be a data range. In some embodi-
ments, the reference signal may be a time domain signal, or
may be a frequency domain signal. In some embodiments,
the reference signal may be a signal detected from the
subject, or may be a signal detected from a subject of a peer
group. As used herein, the peer group is defined as a group
of people sharing at least some same or similar character-
istics, for example, same gender, similar age, similar height,
similar weight, similar arm length, similar illness history, or
the like, or a combination thereof.

[0139] A comparison between the reference signal and the
loaded signal(s) may be performed in step 813. The com-
parison may be with respect to the waveform of the refer-
ence signal and the waveform of the loaded signal(s). The
comparison may be with respect to a feature of the reference
signal and a corresponding feature point of the loaded
signal(s). Exemplary features may include the peak, the
valley, the time reaching the peak or valley, frequency, or the
like, or a combination thereof. The comparison may provide
a comparison result. The comparison result may be provided
in the form of, for example, text, a graph, a three dimen-
sional image, a code, a voice message, video, an audio alert,
a haptic effect, or the like, or a combination thereof.

[0140] In step 814, a determination may be made as to
whether the signals are satisfied a condition (for example, a
condition relating to a threshold) based on the comparison
result generated in step 813. The condition may be pre-
determined or dynamically provided. In some embodiments,
the condition may be constant or variable. For instance, the
condition may be a predetermined profile as a function of,
for example, the subject’s age, gender, height, body weight,
or the like, or a combination thereof. The determination may
be made by the system or a portion thereof (for example,
based on an instruction provided by a subject, a user other
than the subject, a third party, or an instruction or a rule
derived by machine learning of prior data, prior behaviors of
the subject, or of a user other than the subject), or provided
by the subject or by a user other than the subject, or by a
third party related to the subject (for example, a doctor).

[0141] In step 814, the comparison result may be loaded
and checked according to the condition. If the comparison
result does not satisfy the condition, the corresponding
acquired signal may be abandoned in step 815. Merely by
way of example, in some embodiments, if the difference
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between the waveform of the acquired signal and the wave-
form of the reference signal does not satisfy a condition (for
example, exceeds a threshold), the acquired signal may be
abandoned. In some embodiments, compared with the ref-
erence signal, if a deviation of a data point of the acquired
signal exceeds a threshold and therefore does not satisfy a
condition, then the acquired signal may be abandoned. As
used herein, a deviation may refer to the difference between
the value of a data point of the acquired signal with that of
the reference signal. In some embodiments, compared with
the reference signal, if a feature of the acquired signal does
not match a corresponding feature of the reference signal,
the acquired signal may be determined to fail to satisfy a
condition and may be abandoned. A signal(s) not abandoned
based on, for example, the comparison, may be referred to
as a reserved signal. The descriptions above are only pro-
vided for illustration purposes, and not intended to limit the
scope of the present disclosure.

[0142] In step 816, a data type conversion may be per-
formed on the reserved signals if needed. The data type
conversion may be an analog to digital conversion. In some
embodiments, the reserved signal may be expressed as S(t),
the converted signal may be expressed as D(t, A). The data
type conversion may be expressed as below.

Equation 3

S1(0) = Di(e, A)={Pu (1, A, Pra(a, A1), oo s Pin(tns ALy
S2(1) = Dy(t, A) = {Po (11, Aor), Paliz, An2)s vv s Pom(tns A2i)s)

Sa(0) = Da(t, A) = {Pu(t1, An1), P2 (2, Ar2)s <. 5 Pam(tn, Arm).}

[0143] As used herein, the factor t may refer to a time
point, the factor P may refer to the data point of the signal
at the time point t, the factor A may refer to the amplitude
of the signal at the time point t. In some embodiments, if the
reserved signal is a PPG signal, an analog to digital con-
version may be performed. In some embodiments, if the
reserved signal is a body temperature signal or a blood
oxygen signal, then there is no need to perform a data type
conversion on the reserved signals. Using the PPG signal as
an example, after the data type conversion is performed, a
PPG signal may be converted from a waveform signal to a
series of data points. Then it may follow at least some steps
starting from node B 817 as illustrated in FIG. 8-C.

[0144] FIG. 8-C illustrates the process starting from node
B 817 regarding a signal process according to some embodi-
ments of the present disclosure. In step 818, a series of data
points expressed as a set D may be acquired from an analog
signal by a data type conversion in step 816. In step 819, a
time point may be selected from a time point set T. The set
D and the set T may be expressed as below.

1Pyt An), Py, Ara)s oo s Pinlln, At} Equation 4
{Par(t1, Ay), Pra(ty, An)s oo s Pall, A}
{Pnl(tla Anl)a PILZ(IZa AnZ)a ey an(fma Anm)a}
T={ti tyy cn s Ly} Equation 5
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[0145] Then a data distribution of the corresponding series
of data points may be analyzed in step 820. Merely by way
of example, if the time point t, is selected, a distribution of
the corresponding series of data points {P,,(t,,A, ), P, (t,,
A1), ..., Pny(t;,An,)} may be analyzed in step 820. The
analysis may be a statistical analysis, a mathematical cal-
culation, a regression analysis, a cluster analysis, an analysis
of variance, or the like, or a combination thereof. After the
data distribution analysis, a statistical result of the distribu-
tion of the data points may be generated. The statistical
result may be a table format including a series of data extent
and corresponding percentage. The statistical result may be
a data scatter plot (for example, a histogram, a pie, a star
chart, or the like). The statistical result may be a mathemati-
cal expression. The statistical result may be a mathematical
model. The description above are only provided for illus-
tration purposes, and not intended to limit the scope of the
present disclosure. The statistical result also may be exhib-
ited in other forms.

[0146] Then a threshold may be set in step 821. The
threshold may be a percentage, an absolute value, a value
range, or the like, or a combination thereof. In some embodi-
ments, the threshold value expressed as v may be selected
from an interval a<v<b. In some embodiments, the threshold
may be a value range expressed as a<v<b. The constants a
and b may be determined for a specific analysis. In some
embodiments, the constants may be a default value deter-
mined by the system or set by, for example, a subject, a user
other than the subject, a third party, or the like, or a
combination thereof. In some embodiments, the constants
may be determined based on the acquired information and
the physiological parameter of interest (for example, the
blood pressure) to be calculated, from the subject, or from
other subjects (for example, a sub-group of a general popu-
lation). The sub-group may share a same or similar charac-
teristic including, for example, age, gender, nation, stature,
weight, a body fat percentage, color of skin, a family health
history, a life style, an exercise habit or other habit, diet,
occupation, illness history, education background, marital
status, religious belief, or the like, or any combination
thereof. In some embodiments, the constants may be set by
the subject, a user other than the subject, a related third party
(for example, a doctor), or the like.

[0147] In step 822, a comparison may be performed to
determine whether the data point exceeds the threshold
regarding the distribution of the data points. If the answer is
“yes,” the corresponding data point may be abandoned in
step 823. Then the reserved data points may be performed by
a mathematical operation in step 824. The mathematical
operation may be, for example, a direct primary calculation
including four rules of arithmetic, a power operation, a
rooting operation, or the like, or a combination thereof. The
mathematical operation may be, for example, a functional
operation including a linear function, a quadratic function, a
high order function, a polynomial, or the like, or a combi-
nation thereof. The mathematical operation may be, for
example, a simulation operation including a physical simu-
lation, a mathematical simulation, a semi-physical simula-
tion, or the like, or a combination thereof. The descriptions
above are only provides for illustration purposes, and not
intended to limit the scope of present disclosure. Merely by
way of example, the reserved data points may be performed
by an averaging operation which may be expressed as below.

AVERAGE{P(1),411),Pa1(f1,421)s - - « Prr(ti4,1)}.  Equation 6
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[0148] After the mathematical operation, the system may
proceed to step 819 to select another time point and perform
another data processing starting from step 820 until all the
time points are selected and all the corresponding data points
are analyzed and processed. In step 825, the processed data
may be performed by an inverse data type conversion if a
data type conversion was performed in step 816. Then a new
signal based on the results of the above steps may be
generated in step 826. Then it may follow at least some steps
starting from node C 827 as illustrated in FIG. 8-D.

[0149] FIG. 8-D illustrates the process starting from node
C 827 regarding a signal process according to some embodi-
ments of the present disclosure. Through the steps of pro-
cessing starting from node B 817, a new signal may be
generated in step 826. A physiological parameter of interest
may be calculated based on the new signal in step 828. In
some embodiments, the new signal may be a PPG signal. A
blood pressure may be calculated based on the PPG signal
and an ECG signal. The ECG signal may be acquired by the
ECG acquisition unit 430 and stored in the storage unit 480
or the server 120 or a storage device disclosed anywhere in
the present disclosure. PTT may be determined based on the
ECG signal and the PPG signal. During the calculation of
the physiological parameter of interest, a calibration process
(not shown in FIG. 8-D) may be performed. More descrip-
tions regarding the method and process of the calculation
and the calibration may be found in International Patent
Application PCT/CN2015/083334 filed Jul. 3, 2015, the
entire contents of which are hereby incorporated by refer-
ence.

[0150] After the physiological parameter of interest is
calculated, then whether to perform a comparison with data
of other body locations may be chosen in step 829. The
determination may be made by the system or a portion
thereof (for example, based on an instruction provided by a
subject, a user other than the subject, a third party, or an
instruction or a rule derived by machine learning of prior
data, prior behaviors of the subject, or of a user other than
the subject), or provided by the subject or by a user other
than the subject. If the comparison is chosen, it may follow
at least some steps starting from node D 830 as illustrated in
FIG. 8-E.

[0151] If the comparison is not chosen, whether to per-
form a comparison with historical data may be determined
in step 831. The determination may be made by the system
or a portion thereof (for example, based on an instruction
provided by a subject, a user other than the subject, or an
instruction or a rule derived by machine learning of prior
data, prior behaviors of the subject, or of a user other than
the subject), or provided by the subject or by a user other
than the subject. In some embodiments, a variation from
historical data may be calculated in step 832 if the compari-
son determination is made. As used herein, the variation may
be determined based on a comparison between the calcu-
lated physiological parameter of interest and a historical
data. The historical data may be a physiological parameter of
interest estimated or measured before a time interval ago.
The time interval may be an hour, a day, a week, a month,
a year, or the like, or a combination thereof. In some
embodiments, a variation curve compared with historical
data may be generated in step 832. As used herein, the
variation curve may be a curve representing the physiologi-
cal parameter changing with time within a time interval.
Similarly, the time interval may be an hour, a day, a week,
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a month, a year, or the like, or a combination thereof. The
variation or the variation curve may be stored in the analysis
module 220 or the server 120 or personal health manager
900. A threshold for a physiological parameter of interest
may be set in step 834. The threshold may be set by the
subject, a user than the subject, a third party (for example,
a doctor), the system default, or the like, or a combination
thereof. The threshold may be an absolute value, a value
range, a variation value between the current physiological
parameter of interest with one or more historical data, or the
like, or a combination thereof. The threshold may be set
based on the basic information of the subject including age,
gender, height, weight, illness history, or the like, or a
combination thereof. The threshold may be set based on
historical data of the subject. The threshold may be set based
on the statistical data of a peer group. The threshold may be
set based on empirical data of a group not limited to a peer
group. Merely by way of example, a threshold for a blood
pressure may set as below.

DBPe{DBP,,DBP,} SBPe{SBP,, SBP, }.

[0152] For instance, for an ordinary person with normal
blood pressure, the normal DBP may be =120 mmHg
(recorded as DBP,,), the normal SBP may be =80 mmHg
(recorded as SBP,)). The threshold DBP , DBP,, SBP_ and
SBP, may be set as a certain percentage of the normal value.
For example, DBP, may be set as 90% DBP,; and DBP, may
be set as 110% DBP,,. Similarly, SBP, and SBP, may be set
as 90% SBP,, and 110% SBP,,, respectively. According to
some embodiments of the present disclosure, the values of
DBP,, DBP,, SBP, and SBP, may be personalized. And the
values may vary under different situations (for example,
when the subject is exercising or asleep, at different times of
a day, at the same or similar time on different days, or the
like, or a combination thereof.)

[0153] 1In step 834, a comparison between the physiologi-
cal parameter of interest with the threshold may be per-
formed. If the value of the physiological parameter exceeds
the threshold, or if the variation calculated in step 832
exceeds the threshold, an alert may be generated in step 835.
The alert may include information relating to the subject, the
threshold, the event that has triggered the alert, the time
when the event occurred, relevant historic information (for
example, the frequency that similar events have occurred,
the occurrence of similar events within a time period, etc.),
the environmental information, or some other related infor-
mation. The information related to the subject may include
the value of the physiological parameter of interest, or the
variation or the variation curve generated in step 832. Then
the alert may be transferred to a related third party in step
836. The related third party may be a doctor, a healthcare
worker, a medical institution, a research facility, a peripheral
device of the subject or a user well-connected to the subject,
or the like. If the value of the physiological parameter is
within the scope of the threshold value, or if the variation
calculated in step 832 is within the scope of the threshold
value, the results may be uploaded to personal health man-
ager in step 837. And then the system may return to the steps
starting from node A 809 to determine another body location
and perform the subsequent signal/data processing.

[0154] FIG. 8-E illustrates the subsequent steps regarding
a process and an analysis of the calculated physiological
parameters of interest of multiple body locations from node
D 830 according to some embodiments of the present

Equation 7
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disclosure. The physiological parameters of interest of mul-
tiple body locations may be loaded in step 838. The physi-
ological parameters of interest may be loaded from the
analysis module 220, the server 120, any storage device
disclosed anywhere in the present disclosure, or the like, or
a combination thereof. In some embodiments, the physi-
ological parameter of interest may be the blood pressure of
the subject. A relation information among the physiological
parameters of interest of multiple body locations may be
generated in step 839. In some embodiments, a relation
information among the second signals or relation informa-
tion among the plurality of parameters determined in step
750 (e.g., PTT) may be generated. The form of the relation
information may be text, a graph, a three dimensional image,
a code, a voice message, video, an audio alert, a haptic
effect, or the like, or a combination thereof. Merely by way
of example, the relation information may be in the form of
a curve, a histogram diagram, a data distribution of different
body locations, a difference value between the calculated
physiological parameters with a reference value (for
example, the reference value being a physiological param-
eter of an ordinary person), information based on a com-
parison between the left side and the right of the body, a
difference between a calculated physiological parameter of
one body location with that of another body location (for
example, the blood pressure value of the arm and the blood
pressure value of the leg) of a subject, or the like, or a
combination thereof.

[0155] In step 840, the system may detect whether errors
occur. The error may be an abnormal value, an abnormal
wave form or an abnormal change thereof, an asymmetry
information between the left side and the right side of the
body of a subject, a deviation from a reference value, or the
like, or a combination thereof. If errors are detected, the
corresponding data point and/or the associated body location
(for example, the body location where the data point was
acquired) may be marked in step 843. Then it may proceed
to node A 809 and follow at least some of the steps starting
from node A 809 as illustrated in FIG. 8-B and the descrip-
tion thereof. That is, a new acquisition process and analysis
process regarding the marked body location may be per-
formed.

[0156] If no errors are detected, the relation information
may be analyzed in step 841. In some embodiments, the
analysis may be a comparison with historical data for
generating a variation result. In some embodiments, the
analysis may be a statistical analysis for generating a sta-
tistical result regarding a comparison with data of a peer
group (for example, a group of people sharing same age and
same gender, or the like) In some embodiments, the analysis
may be a mathematical operation for generating a three
dimensional display of the relation information. After the
relation information is analyzed, a guide information may be
generated based on the analysis.

[0157] In some embodiments, the guide information may
be a prompting message regarding selection of calculation
models which may be used to calculate the physiological
parameter of interest of the subject (more descriptions
regarding the calculation models may be found in Interna-
tional Patent Application No. PCT/CN2015/083334 filed
Jul. 3, 2015, the contents of which are hereby incorporated
by reference). Merely by way of example, the relation
information generated in step 839 may be a distribution of
blood pressure values of multiple body locations of the
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subject. For another example, the relation information gen-
erated in step 839 may be an interrelation of the determined
plurality of parameters (e.g., PTTs) or the acquired plurality
of second signals. In some embodiments, guide information
based on the distribution of blood pressure values of mul-
tiple body locations may be provided to the system. Then the
system may select a favorite model or a proper model for a
specific subject to calculate blood pressure during a next
calculation process. For example, blood pressure distribu-
tions of different subjects may be different, or blood pressure
distributions of a specific subject may be different under
different situations (e.g., the blood pressure distribution may
vary with environment temperature, air humidity, or the
like.). The selection of calculation models may be performed
based on an analysis result of historical data, or may be
performed based on a preset condition (e.g., different blood
pressure distributions may correspond to different calcula-
tion models.). In some embodiments. guide information
based on the interrelation of the determined plurality of
parameters or the acquired plurality of second signals may
be provided to the system. Then the system may select a
favorite model or a proper model for a specific subject to
calculate blood pressure before a calculation process.
[0158] In some embodiments, the guide information may
be a modified model used for calculating the physiological
parameter of interest of the subject. Merely by way of
example, an initial model used for calculating blood pres-
sure of body location 1 may be expressed in Equation 8
according to the description in the International Patent
Application No. PCT/CN2015/083334 filed Jul. 3, 2015, the
contents of which are hereby incorporated by reference.

BP=APTT)),

[0159] In some embodiments. while the relation informa-
tion of the blood pressure value of the body location 1 with
that of one or more other body locations is analyzed (for
example, the relation information between the blood pres-
sure value of the arm and that of the leg, or the relation
information among the blood pressure value of the head and
those of the arm, the leg, the wrist, or the like), a compen-
sation term may be generated based on the analysis result.
The compensation term may be a function of the relation
information. The function form may be based on a feature of
the subject (for example, height, weight, gender, historical
data, etc.). The compensation term may be added to the
initial model to generate a modified model in Equation 9.
The guide information regarding a modified calculation
model may increase the calculation accuracy.

Equation 8

BP =APTT D+,

[0160] In some embodiments, while the relation informa-
tion among the determined plurality of parameters or the
acquired plurality of second signals may be analyzed, a
compensation term may be generated based on the analysis.
[0161] In some embodiments, the guide information may
be a push information regarding daily activities. Exemplary
information may include dietetic varieties, water intake,
sugar intake, sleep time, work and rest, duration and type of
exercise, exercise intensity, or the like, or a combination
thereof. In some embodiments, the guide information may
be an information for reference provided to a related third
party (for example, a doctor, a healthcare worker, a medical
institution, a research facility, or the like, or a combination
thereof). For example, the blood related information of
different body locations of the subject may be considered as

Equation 9

ompensation
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a guide or a reference for a blood related surgery (for
example, the determination of the surgery spot, or whether
needs anesthesia, or the like). For another example, the
physiological parameters of different body locations of the
subject may be considered as a guide or a reference for a
medicine treatment (for example, type and dose of the drugs,
medication time, oral or injectable, or the like). The guide
information may be uploaded to the personal health manager
900 in step 844. The person health manager 900 may push
the guide information to, for example, the subject, a user
other than the subject, a third party, or the like, or a
combination thereof. The guide information may be viewed
by, for example, the subject, a user other than the subject, a
third party. or the like, or a combination thereof. The guide
information may be accessible from, for example, a user
interface provided by the system.

[0162] FIG. 9 is an example of the composition and
organization of the personal health manager 900 according
to some embodiments of the present disclosure. The per-
sonal health manager 900 may be stored in the server 120,
locally on a measuring device 110, a terminal 140 connected
or communicated with the system, or the like, or a combi-
nation thereof. For instance, the personal health manager
900 may be stored in a device of a third party. The personal
health manager 900 may be displayed on a terminal 140, a
display device of the system (not shown), a display device
of a third party, or the like, or a combination thereof. The
personal health manager 900 may have different sections
including basic information 901, external environmental
information 902, the status or of the physiological param-
eters of interest of different body locations 903, variations of
physiological parameters of interest with time 904, health
tips 905, reference information provided for a related third
party 906, or other related sections.

[0163] The basic information 901 may include age, gen-
der, height, weight, illness history, or the like, or a combi-
nation thereof. The external environmental information 902
may include temperature, humidity, air quality, ultraviolet
intensity, or the like, or a combination thereof. The basic
information and the external environmental information
may be acquired by the information acquisition module 210.
The information may be updated at a certain frequency (for
example, once an hour, once a day, twice an hour, twice a
day, three times an hour, three times a day, or the like). The
information may be displayed selectively based on an option
or an instruction of the subject, or may be based on the
system default.

[0164] A status of a physiological parameter of interest
may be displayed in the section 903. The physiological
parameter of interest may include blood pressure, blood
oxygen, heart rate, HRV, body temperature, or the like, or a
combination thereof. The subject, a user other than the
subject, or a related third party may choose date and time to
review the status of the physiological parameters. The status
level may include excellent, good, fair and poor. The dif-
ferent rectangular columns represent different locations
including the head, the neck, the chest, the abdomen, the
upper arm, the wrist, the waist, the upper leg, the knee, the
ankle, or the like, or a combination thereof. Through the
section 903, the status of the physiological parameters of
interest of the subject on different body locations may be
displayed vividly in real time. And also historical informa-
tion may be displayed based on an option of the subject
regarding date and time.
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[0165] A variation of a physiological parameter of interest
may be displayed in section 904. The subject, a user other
than the subject, or a related third party may choose a time
interval and a body location, then the variations of the
physiological parameters of interest may be displayed (as is
symbolically illustrated in FIG. 9). The time interval may be
an hour, a day, a week, a month, two months, or the like, or
a combination thereof. The subject, a user other than the
subject, or a related third party may click the icons to see the
variation curves of different physiological parameters of
interest. The health tips section 905 may include information
regarding sleep, diet, exercises, or the like, or a combination
thereof. The health tips may be retrieved from the server 120
based on the basic information of the subject, the calculated
physiological parameters of interest, the variations, or the
like, or a combination thereof. A related third party (for
example, a doctor, a healthcare worker, a medical institution,
aresearch facility, a peripheral device of the subject or a user
well-connected to the subject, or the like) may input some
health tips in the section 905. Similarly, the subject or a user
other than the subject also may input a memo list regarding
sleep, diet, exercises, or the like. The subject may customize
an information push regarding health tips based on an option
or an instruction.

[0166] Reference information for a related third party may
be displayed in section 906. The related third party may be
a doctor, a healthcare worker, a medical institution, a
research facility, or the like, or a combination thereof. The
reference information may be generated based on the status
of the calculated physiological parameters of interest, the
basic information of the subject, or both. The reference
information may include information regarding determina-
tion of surgery spot, or whether needs anesthesia, or type and
dose of drugs, or the like, or a combination thereof. The
reference information may provide some guidance to the
related third party at a right moment.

[0167] FIG. 10 depicts the architecture of a mobile device
that may be used to realize a specialized system implement-
ing the present disclosure. In this example, the device (for
example, the terminal 140) on which information relating to
blood pressure monitoring is presented and interacted-with
is a mobile device 1000, including, but is not limited to, a
smart phone, a tablet, a music player, a handled gaming
console, a global positioning system (GPS) receiver, and a
wearable computing device (for example, eyeglasses, wrist
watch, etc.), or in any other form factor. The mobile device
1000 in this example includes one or more central process-
ing units (CPUs) 1040, one or more graphic processing units
(GPUs) 1030, a display 1020, a memory 1060, a commu-
nication platform 1010, such as a wireless communication
module, storage 1090, and one or more input/output (/Q)
devices 1050. Any other suitable component, including a
system bus or a controller (not shown), may also be included
in the mobile device 1000. As shown in FIG. 10, a mobile
operating system 1070, for example, 10S, Android, Win-
dows Phone, etc., and one or more applications 1080 may be
loaded into the memory 1060 from the storage 1090 in order
to be executed by the CPU 1040. The applications 1080 may
include a browser or any other suitable mobile apps for
receiving and rendering information relating to blood pres-
sure monitoring or other information from the engine 200 on
the mobile device 1000. User interactions with the informa-
tion stream may be achieved via the I/O devices 1050 and
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provided to the engine 200 and/or other components of
system 100, for example, via the network 150.

[0168] To implement various modules, units, and their
functionalities described in the present disclosure, computer
hardware platforms may be used as the hardware platform(s)
for one or more of the elements described herein (for
example, the engine 200, and/or other components of the
system 100 described with respect to FIGS. 1-9 and 12). The
hardware elements, operating systems and programming
languages of such computers are conventional in nature, and
it is presumed that those skilled in the art are adequately
familiar therewith to adapt those technologies to the blood
pressure monitoring as described herein. A computer with
user interface elements may be used to implement a personal
computer (PC) or other type of work station or terminal
device, although a computer may also act as a server if
appropriately programmed. It is believed that those skilled
in the art are familiar with the structure, programming and
general operation of such computer equipment and as a
result the drawings should be self-explanatory.

[0169] FIG. 11 depicts the architecture of a computing
device that may be used to realize a specialized system
implementing the present disclosure. Such a specialized
system incorporating the present teaching has a functional
block diagram illustration of a hardware platform that
includes user interface elements. The computer may be a
general purpose computer or a special purpose computer.
Both may be used to implement a specialized system for the
present disclosure. This computer 1100 may be used to
implement any component of the blood pressure monitoring
as described herein. For example, the engine 200, ctc., may
be implemented on a computer such as computer 1100, via
its hardware, software program, firmware, or a combination
thereof. Although only one such computer is shown, for
convenience, the computer functions relating to the blood
pressure monitoring as described herein may be imple-
mented in a distributed fashion on a number of similar
platforms, to distribute the processing load.

[0170] The computer 1100, for example, includes COM
ports 1150 connected to and from a network connected
thereto to facilitate data communications. The computer
1100 also includes a central processing unit (CPU) 1120, in
the form of one or more processors, for executing program
instructions. The exemplary computer platform includes an
internal communication bus 1110, program storage and data
storage of different forms, for example, disk 1170, read only
memory (ROM) 1130, or random access memory (RAM)
1140, for various data files to be processed and/or transmit-
ted by the computer, as well as possibly program instructions
to be executed by the CPU. The computer 1100 also includes
an [/O component 1160, supporting input/output between
the computer and other components therein such as user
interface elements 1180. The computer 1100 may also
receive programming and data via network communications.
[0171] Hence, aspects of the methods of the blood pres-
sure monitoring and/or other processes, as outlined above,
may be embodied in programming. Program aspects of the
technology may be thought of as “products” or “articles of
manufacture” typically in the form of executable code
and/or associated data that is carried on or embodied in a
type of machine readable medium. Tangible non-transitory
“storage” type media include any or all of the memory or
other storage for the computers, processors, or the like, or
associated modules thereof, such as various semiconductor
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memories, tape drives, disk drives and the like, which may
provide storage at any time for the software programming.

[0172] All or portions of the software may at times be
communicated through a network such as the Internet or
various other telecommunication networks. Such communi-
cations, for example, may enable loading of the software
from one computer or processor into another, for example,
from a management server or host computer of the engine
200 into the hardware platform(s) of a computing environ-
ment or other system implementing a computing environ-
ment or similar functionalities in connection with the blood
pressure monitoring. Thus, another type of media that may
bear the software elements includes optical, electrical and
electromagnetic waves, such as used across physical inter-
faces between local devices, through wired and optical land
line networks and over various air-links. The physical ele-
ments that carry such waves, such as wired or wireless links,
optical links or the like, also may be considered as media
bearing the software. As used herein, unless restricted to
tangible “storage” media, terms such as computer or
machine “readable medium” refer to any medium that
participates in providing instructions to a processor for
execution.

[0173] Hence, a machine-readable medium may take
many forms, including a tangible storage medium, a carrier
wave medium or physical transmission medium. Non-vola-
tile storage media include, for example, optical or magnetic
disks, such as any of the storage devices in any computer(s)
or the like, which may be used to implement the system or
any of its components as shown in the drawings. Volatile
storage media include dynamic memory, such as a main
memory of such a computer platform. Tangible transmission
media include coaxial cables; copper wire and fiber optics,
including the wires that form a bus within a computer
system. Carrier-wave transmission media may take the form
of electric or electromagnetic signals, or acoustic or light
waves such as those generated during radio frequency (RF)
and infrared (IR) data communications. Common forms of
computer-readable media therefore include for example: a
floppy disk, a flexible disk, hard disk, magnetic tape, any
other magnetic medium, a CD-ROM, DVD or DVD-ROM,
any other optical medium, punch cards paper tape, any other
physical storage medium with patterns of holes, a RAM, a
PROM and EPROM, a FLASH-EPROM, any other memory
chip or cartridge, a carrier wave transporting data or instruc-
tions, cables or links transporting such a carrier wave, or any
other medium from which a computer may read program-
ming code and/or data. Many of these forms of computer
readable media may be involved in carrying one or more
sequences of one or more instructions to a physical proces-
sor for execution.

[0174] Those skilled in the art will recognize that the
present disclosure are amenable to a variety of modifications
and/or enhancements. For example, although the implemen-
tation of various components described above may be
embodied in a hardware device, it may also be implemented
as a software only solution—for example, an installation on
an existing server. In addition, the blood pressure monitoring
system as disclosed herein may be implemented as a firm-
ware, firmware/software combination, firmware/hardware
combination, or a hardware/firmware/software combination.
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Example

[0175] The following example is provided for illustration
purposes, and not intended to limit the scope of the present
disclosure.

[0176] A system used for measuring blood pressure may
include a testing device 1200, peripheral equipment 240 and
a server 120. FIG. 12 illustrates an exemplary testing device
according to some embodiments of the embodiment. The
testing device 1200 may include an information acquisition
module 1210, an analysis module 220", a storage 1220, and
a control unit 1230. The testing device 1200 may be con-
nected or otherwise communicate with a terminal 1240. The
information acquisition module 1210 may include multiple
sensor arrays arranged on multiple locations of the testing
device 1200.

[0177] According to the embodiment, the information
acquisition module 1210 is configured for acquiring infor-
mation, for example, an ECG signal, a PPG signal, or the
like, or a combination thereof. The analysis module 220" is
configured for analyzing and processing the acquired infor-
mation, or determining or estimating a physiological param-
eter (for example, the physiological parameter of interest),
or both. The storage 1220 is configured for storing the
detected or acquired signal, the physiological parameter, or
the like, or a combination thereof. The control unit 1230 is
configured for controlling the ON/OFF of the sensor arrays,
the location of the sensor arrays, the arrangement of the
sensor arrays, the information acquisition parameter con-
figuration, or the like, or a combination thereof. In the
embodiment, the control unit 1230 may be a stepper
machine, or may be a micro-motor. According to the
embodiment, the information acquisition module 1210
includes two acquisition units (not shown in FIG. 12), an
ECG acquisition unit and a PPG acquisition unit. The ECG
acquisition unit is configured for detecting an ECG signal.
The PPG acquisition unit is configured for detecting a PPG
signal. The acquired ECG signal and the PPG signal may be
stored in the storage 1220, or in the server 120, or in the
terminal 1240, or the like, or a combination thereof.
[0178] The testing device 1200 may be a wearable device
or may be a portable device. The testing device 1200 may be
a coat-like device. A schematic diagram of the coat-like
device is illustrated in FIG. 12 (some details have been
elided for brevity). It may be seen that multiple sensor arrays
configured for detecting PPG signals are integrated into the
coat. The sensor array may include multiple photoelectric
sensors, or may include multiple receiving ends. One or
more light sources (not shown in FIG. 12) may be integrated
into the sensor array, or may be placed in other devices, or
may be arranged in the testing device 1200 independently.
The sensor array may be placed on the head, the chest, the
upper arm, the wrist, or the like, or a combination thereof.
The sensor array may be an oval array, a rectangular array,
a rhombus array, a circular array, or the like, or a combina-
tion thereof. In the embodiment, the sensor array is an oval
array. The arrangement of the photoelectric sensors within
the sensor array shown in FIG. 12 is only provides for
illustration purposes, the amount and the arrangement of the
sensors may be adjusted under different situations. Merely
by way of example, the number and the arrangement of the
sensors may be customized based on the subject’s require-
ments. In one example, if the subject wants to obtain a
physiological information regarding an organ, the sensor
array may be placed on a body location nearby the organ
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area. In another example, the arrangement of the sensors
may be adjusted according the subject’s body size. In
another example, a memory metal may be used for remem-
bering the location and the arrangement of the sensor array
to achieve personalization purpose.

[0179] Although not shown in FIG. 12, an ECG acquisi-
tion unit configured for detecting ECG signals is integrated
into the coat. The ECG acquisition unit includes 10 elec-
trodes (four placed on the chest, two placed on the two arms,
two placed on the two legs). The 10 electrodes may consti-
tute 12 leads and an ECG signal may be detected. The
detected ECG signals may be stored in the storage 1220, or
may be stored in the server 120, or may be loaded by the
analysis module 220" for subsequent calculation.

[0180] The coat may also include some other additional
components including a WIFI device, a blue tooth device, a
NFC device, a GPS device, or the like, or a combination
thereof. For instance, the WIFI device may be used for
linking to a wireless network. The blue tooth device may be
used for data transformation among some wired or wireless
terminals within a certain distance. The NFC device may be
used to enable terminals establishing radio communication
within a short distance (10 ¢cm or less). The GPS device may
allow the subject to find his own position, or the GPS device
may be used to navigate, or the like, or a combination
thereof. The additional components may be connected or
otherwise communicate with the information acquisition
module 210, the analysis module 220", the control unit 1230,
the terminal 1240, and the server 120.

[0181] The coat may communicate with a healthcare pro-
vider located in a location remote from the subject. The
communication may be achieved directly by the coat, or
indirectly via, for example, the terminal 1240 carried by the
subject. The physiological parameter, as well as location
information, of the subject may be transmitted to the health-
care provider in real-time, periodically, or when a triggering
event occurs. Exemplary trigger events are described else-
where in the present disclosure. When an emergency occurs,
for example, the physiological parameter exceeding a
threshold, the healthcare provider may be notified, the
subject may be located based on the positioning information
from the GPS or location sensor, and medical services may
be provided accordingly.

[0182] The analysis module 220" is configured for analyz-
ing and processing a detected ECG signal, or multiple series
of PPG signals detected by multiple sensor arrays, or the
like, or a combination thereof. According to the embodi-
ment, a series of PPG signals may be analyzed and pro-
cessed. According to the embodiment, the sensor arrays may
be placed on the chest, the abdomen, the upper arm, the
wrist, the head, or the like. The sensor may include a series
of photoelectric sensors arranged in an array (for example,
an oval array, a rectangular array, or the like). Take the
sensor array placed on the head for example, a series of PPG
signals may be detected by the sensor array arranged in an
oval array. The sensor array includes eleven (or more in
other different situations) photoelectric sensors. Then eleven
PPG signals may be detected by the eleven sensors. The
eleven PPG signals may be analyzed and processed by the
analysis module 220'. The eleven PPG signals may be
compared with a reference signal to screen out and abandon
signal(s) not satisfied the threshold condition. Then a data
type conversion may be performed on the reserved PPG
signals. [f no signals are abandoned, then eleven analog PPG
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signals are converted to eleven series of data points. Fur-
thermore, a time point corresponds to eleven data points as
expressed below.

Py Py P,y Equation 10
P P2 P

I 5 |2t e s |Int
Py Py P

[0183] The eleven data points corresponding to a time
point may be performed by a mathematical operation (for
example, averaging) to generate a final data point. The final
data points together with the time points may be performed
by an inverse data type conversion. A new PPG signal may
be generated. The new generated PPG signal together with
the detected or acquired ECG signal may be used for
calculating a physiological parameter of interest (for
example, blood pressure).

[0184] The analysis may also may include pre-treatment,
feature identification, parameter estimation, calibration, or
the like, or a combination thereof. More descriptions regard-
ing the analysis may be found in International Patent Appli-
cation No. PCT/CN2015/083334 filed Jul. 3, 2015. The
calculated physiological parameter of interest may be
uploaded to personal health manager 900 in the server 120.
The details may be displayed in the terminal 1240, or may
be transmitted to a related third party (for example, a
medical institution).

[0185] Having thus described the basic concepts, it may be
rather apparent to those skilled in the art after reading this
detailed disclosure that the foregoing detailed disclosure is
intended to be presented by way of example only and is not
limiting. Various alterations, improvements, and modifica-
tions may occur and are intended to those skilled in the art,
though not expressly stated herein. These alterations,
improvements, and modifications are intended to be sug-
gested by this disclosure, and are within the spirit and scope
of the exemplary embodiments of this disclosure.

[0186] Moreover, certain terminology has been used to
describe embodiments of the present disclosure. For
example, the terms “one embodiment,” “an embodiment,”
and/or “some embodiments” mean that a particular feature,
structure or characteristic described in connection with the
embodiment is included in at least one embodiment of the
present disclosure. Therefore, it is emphasized and should be
appreciated that two or more references to “an embodiment”
or “one embodiment” or “an alternative embodiment” in
various portions of this specification are not necessarily all
referring to the same embodiment. Furthermore, the particu-
lar features, structures or characteristics may be combined as
suitable in one or more embodiments of the present disclo-
sure. In addition, the term “logic” is representative of
hardware, firmware, software (or any combination thereof)
to perform one or more functions. For instance, examples of
“hardware” include, but are not limited to, an integrated
circuit, a finite state machine, or even combinatorial logic.
The integrated circuit may take the form of a processor such
as a microprocessor, an application specific integrated cir-
cuit, a digital signal processor, a micro-controller, or the like.
[0187] Further, it will be appreciated by one skilled in the
art, aspects of the present disclosure may be illustrated and
described herein in any of a number of patentable classes or
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context including any new and useful process, machine,
manufacture, or composition of matter, or any new and
useful improvement thereof. Accordingly, aspects of the
present disclosure may be implemented entirely hardware,
entirely software (including firmware, resident software,
micro-code, etc.) or combining software and hardware
implementation that may all generally be referred to herein
as a “circuit,” “unit,” “module,” “component,” or “system.”
Furthermore, aspects of the present disclosure may take the
form of a computer program product embodied in one or
more computer readable media having computer readable
program code embodied thereon.

[0188] A computer readable signal medium may include a
propagated data signal with computer readable program
code embodied therein, for example, in baseband or as part
of a carrier wave. Such a propagated signal may take any of
a variety of forms, including electro-magnetic, optical, or
any suitable combination thereof. A computer readable sig-
nal medium may be any computer readable medium that is
not a computer readable storage medium and that may
communicate, propagate, or transport a program for use by
or in connection with an instruction execution system,
apparatus, or device. Program code embodied on a computer
readable signal medium may be transmitted using any
appropriate medium, including wireless, wireline, optical
fiber cable, RF, etc., or any suitable combination of the
foregoing.

[0189] Computer program code for carrying out opera-
tions for aspects of the present disclosure may be written in
any combination of one or more programming languages,
including an object oriented programming language such as
Java, Scala, Smalltalk, Eiffel, JADE, Emerald, C++, C#, VB.
NET, Python or the like, conventional procedural program-
ming languages, such as the “C” programming language,
Visual Basic, Fortran 2003, Perl, COBOL 2002, PHP, ABAP,
dynamic programming languages such as Python, Ruby and
Groovy, or other programming languages. The program
code may execute entirely on the user’s computer, partly on
the user’s computer, as a stand-alone software package,
partly on the user’s computer and partly on a remote
computer or entirely on the remote computer or server. In the
latter scenario, the remote computer may be connected to the
user’s computer through any type of network, including a
local area network (LAN) or a wide area network (WAN), or
the connection may be made to an external computer (for
example, through the Internet using an Internet Service
Provider) or in a cloud computing environment or offered as
a service such as a Software as a Service (SaaS).

[0190] Furthermore, the recited order of processing ele-
ments or sequences, or the use of numbers, letters, or other
designations therefore, is not intended to limit the claimed
processes and methods to any order except as may be
specified in the claims. Although the above disclosure dis-
cusses through various examples what is currently consid-
ered to be a variety of useful embodiments of the disclosure,
it is to be understood that such detail is solely for that
purpose, and that the appended claims are not limited to the
disclosed embodiments, but, on the contrary, are intended to
cover modifications and equivalent arrangements that are
within the spirit and scope of the disclosed embodiments.
For example, although the implementation of various com-
ponents described above may be embodied in a hardware
device, it may also be implemented as a software only
solution—for example, an installation on an existing server
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or mobile device. In addition, the financial management
system disclosed herein may be implemented as a firmware,
firmware/software combination, firmware/hardware combi-
nation, or a hardware/firmware/software combination.
[0191] Similarly, it should be appreciated that in the
foregoing description of embodiments of the present disclo-
sure, various features are sometimes grouped together in a
single embodiment, figure, or description thereof for the
purpose of streamlining the disclosure aiding in the under-
standing of one or more of the various inventive embodi-
ments. This method of disclosure, however, is not to be
interpreted as reflecting an intention that the claimed subject
matter requires more features than are expressly recited in
each claim. Rather, inventive embodiments lie in less than
all features of a single foregoing disclosed embodiment.

1. A device comprising

memory storing instructions; and

at least one processor that executes the instructions to

perform operations comprising:

receiving a first signal representing heart activity of a

subject;

receiving a plurality of second signals representing time-

varying information on at least one pulse wave of the
subject;

identifying a first feature in the first signal;

identifying, for each of the plurality of second signals, a

second feature;

computing a pulse transit time based on a difference

between the first feature and at least one of the second
features; and

calculating a blood pressure of the subject according to a

model based on the computed pulse transit time, the
model comprising a compensation term relating to the
plurality of second signals or the second features
thereof.

2. The device of claim 1, the operations further compris-
ing selecting the model based on the plurality of the second
signals or the second features thereof.

3. The device of claim 1, the receiving the first signal
comprising communicating with a first sensor configured to
acquire the first signal at a first location on the body of the
subject.

4. The device of claim 1, the receiving the plurality of
second signals comprising communicating with a plurality
of second sensors configured to acquire the plurality of
second signals at a plurality of second locations on the body
of the subject.

5. The device of claim 4, at least one of the plurality of
second sensors comprising a sensor array including a plu-
rality of sensors, a plurality of receiving ends of one or more
sensors, or a plurality of emitting ends of one or more
Sensors.

6. The device of claim 5, the sensor array having a
configuration of an oval array, a rectangular array, a circular
array, or a triangular array.

7. The device of claim 4, the plurality of second locations
comprising at least one location selected from the head, the
neck, the chest, the abdomen, the upper arm, the wrist, the
waist, the upper leg, the knee, or the ankle of the subject.

8. The device of claim 4, the operations further compris-
ing

calculating a plurality of blood pressures of the plurality

of second locations on the body of the subject.
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9. The device of claim 8, the operations further compris-
ing providing, based on the plurality of calculated blood
pressures, a recommendation relating to the subject.

10. The device of claim 1, at least one of the first signal
or the plurality of second signals comprising an optical
signal or an electrical signal.

11. The device of claim 1, the operations further com-
prising receiving a set of calibration values, and

the calculating the blood pressure comprising using the

set of calibration values.

12. The device of claim 1, at least one of the first signal
or the plurality of second signals comprising a PPG wave-
form, an ECG waveform, or a BCG waveform.

13. The device of claim 1, wherein

the first feature of the first signal corresponds to a first

time point; and

the identifying, for each of the plurality of second signals,

the second feature comprises:

selecting a segment of the second signal, the segment

occurring within a time window from the first time
point; and

locating the second feature corresponding to a second

time point in the segment.

14. A method comprising:

receiving a first signal representing a heart activity of a

subject;

receiving a plurality of second signals representing time-

varying information on at least one pulse wave of the
subject;

identifying a first feature in the first signal;

identifying, for each of the plurality of second signals, a

second feature;

computing a pulse transit time based on a difference

between the first feature and at least one of the second
features; and
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calculating a blood pressure of the subject according to a
model based on the computed pulse transit time, the
model comprising a compensation term relating to the
plurality of second signals or the second features
thereof.

15. The method of claim 14, further comprising acquiring

the first signal at a first location on the body of the subject.

16. The method of claim 14, further comprising acquiring
the plurality of second signals at a plurality of second
locations on the body of the subject.

17. The method of claim 16, the plurality of second
locations comprising at least one location selected from the
head, the neck, the chest, the abdomen, the upper arm, the
wrist, the waist, the upper leg, the knee, or the ankle of the
subject.

18. The method of claim 16, further comprising calculat-
ing a plurality of blood pressures of the plurality of second
locations on the body of the subject.

19-20. (canceled)

21. The method of claim 14, further comprising receiving
a set of calibration values, and

the calculating the blood pressure comprising using the
set of calibration values.

22. The method of claim 14, wherein

the first feature of the first signal corresponds to a first
time point; and

the identifying, for each of the plurality of second signals,
the second feature comprises:

selecting a segment of the second signal, the segment
occurring within a time window from the first time
point; and

locating the second feature corresponding to a second
time point in the segment.

23-24. (canceled)
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