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o data from the optical sensor and the second set of data from the electrical sensor.



WO 2014/042845 PCT/US2013/056378

MOBILE CARDIAC HEALTH MONITORING

CROSS REFERENCE TO OTHER APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application No.
61/700,260 (Attorney Docket No. NEURPO18+) entitled MOBILE CARDIAC HEALTH
MONITORING filed September 12, 2012, which is incorporated herein by reference for all

purposes.

BACKGROUND OF THE INVENTION

[0002] According to the Center for Disease Control and Prevention, heart disease is
the leading cause of death in the United States, which is responsible for one among every
three deaths in the United States. For example, there are approximately 2,000,000 heart
attacks and strokes that occur in the United States every year, which costs the United States
an estimated $444 billion/year in health care costs. Unfortunately, nearly 15% of people at

risk for cardiovascular disease are undiagnosed and less likely to take preventive action.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Various embodiments of the invention are disclosed in the following detailed

description and the accompanying drawings.

[0004] Figures 1A shows a front view of a mobile cardiac health monitoring system

using a smart phone in a case in accordance with some embodiments.

[0005] Figures 1B shows a back view of a mobile cardiac health monitoring system

using a smart phone in a case in accordance with some embodiments.

[0006] Figure 2 is a functional block diagram illustrating a configuration of a mobile
device that performs mobile cardiac health monitoring in accordance with some

embodiments.

[0007] Figure 3 shows a view illustrating how to measure electrocardiography (ECG)
and pulse wave of a user using a mobile device that performs mobile cardiac health

monitoring in accordance with some embodiments.
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[0008] Figure 4 shows an ECG waveform detected by an ECG sensor in accordance

with some embodiments.

[0009] Figure 5 shows a pulse wave detected by an optical sensor of a mobile device

that performs mobile cardiac health monitoring in accordance with some embodiments.

[0010] Figure 6 shows a Pulse Wave Transit Time (PWTT) measured from an ECG
waveform and pulse wave using a mobile device that performs mobile cardiac health

monitoring in accordance with some embodiments.

[0011] Figure 7 is a flow diagram for performing mobile cardiac health monitoring in

accordance with some embodiments.

[0012] Figure 8 is another flow diagram for performing mobile cardiac health

monitoring in accordance with some embodiments.

DETAILED DESCRIPTION

[0013] The invention can be implemented in numerous ways, including as a process;
an apparatus; a system; a composition of matter; a computer program product embodied on a
computer readable storage medium; and/or a processor, such as a processor configured to
execute instructions stored on and/or provided by a memory coupled to the processor. In this
specification, these implementations, or any other form that the invention may take, may be
referred to as techniques. In general, the order of the steps of disclosed processes may be
altered within the scope of the invention. Unless stated otherwise, a component such as a
processor or a memory described as being configured to perform a task may be implemented
as a general component that is temporarily configured to perform the task at a given time or a
specific component that is manufactured to perform the task. As used herein, the term
‘processor’ refers to one or more devices, circuits, and/or processing cores configured to

process data, such as computer program instructions.

[0014] A detailed description of one or more embodiments of the invention is
provided below along with accompanying figures that illustrate the principles of the
invention. The invention is described in connection with such embodiments, but the
invention is not limited to any embodiment. The scope of the invention is limited only by the

claims and the invention encompasses numerous alternatives, modifications and equivalents.
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Numerous specific details are set forth in the following description in order to provide a
thorough understanding of the invention. These details are provided for the purpose of
example and the invention may be practiced according to the claims without some or all of
these specific details. For the purpose of clarity, technical material that is known in the
technical fields related to the invention has not been described in detail so that the invention

is not unnecessarily obscured.

[0015] Conventional cardiovascular monitoring systems capable of measuring
multiple vital signs, such as electrocardiography (ECG) signals, heart rate, respiration,
cardiac output, blood oxygen saturation, and blood pressure are used to assess patients’
cardiovascular function in operating rooms, intensive care units (ICUs), and patient rooms of
hospital facilities. However, such conventional cardiovascular monitoring systems are
typically cumbersome and inconvenient, and generally require medical personnel to operate
such conventional cardiovascular monitoring systems. Some measurements are invasive,
such as cardiac output. Some measurements involve cuffs or finger clips, such as blood
pressure and blood oxygen saturation. These limitations of conventional cardiovascular
monitoring systems make it incapable and/or impractical for efficiently and effectively
monitoring the cardiac health status of individuals in their daily routine to detect, monitor,

and/or prevent various heart disorders.

[0016] The emergence of mobile technologies and advances in bio-sensors are
promising to change the conventional healthcare system, to facilitate systems that provide for
mobile and individual-centered healthcare systems. Mobile monitoring systems can provide
continuous physiological data and better information regarding the general health of
individuals. For example, such a mobile cardiac health monitoring system can reduce health
care costs by disecase prevention and enhancement of the quality of life with discase

management.

[0017] Accordingly, a mobile device is disclosed that determines a user’s cardiac
health status by monitoring multiple key cardiovascular parameters and/or their index, such
as ECG, heart rate, cardiac output, and blood pressure in a continuous and non-invasive
fashion. For example, users can conveniently carry handheld mobile devices anywhere and
conduct self-monitoring whenever desired or necessary (e.g., all the time or as needed or

when convenient).
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[0018] Monitoring the heart activity through ECG is a common technique, performed
by placing ECG ce¢lectrodes to the skin to measure the electrical activity of the heart.
Wearable ECG and heart rate monitors have been used to monitor health status and exercise
activity. But these devices are limited to measuring one or two parameters. Multi-parameter
monitoring techniques as disclosed herein provides a more reliable and useful technique for

monitoring cardiac health status compared to single-parameter monitoring.

[0019] The continuous, cuff-less and non-invasive measurement of blood pressure is
more desirable for people to regularly monitor their blood pressure. Estimation of blood
pressure using other physiological parameters has been studied extensively. It is commonly
accepted that pulse wave transmit time (PWTT) can be regarded as an index of arterial
stiffness, and has been employed as an indirect estimation of blood pressure. PWTT can be
measured as the time interval between the R-wave peak of ECG and the pulse wave arrival in
the same cardiac cycle, when ECG and pulse wave are simultaneously recorded. PWTT was
originally applied in the area of blood pressure estimation by Gribbin et al. in 1976 (see B.
Gribbin et al. “Pulse wave wvelocity as a measure of blood pressure change”,
Psychophysiology, vol. 13, no. 1, pp. 86-90, 1976). Since then, researchers have studied the
mechanism and feasibility of this method. In 1979, Obrist discussed that PWTT can be used
as an index of blood pressure. Lane studied the relationships between PWTT and systolic
blood pressure, diastolic blood pressure, and mean arterial blood pressure by experiments in
1983 (see P. A. Obrist, et al. “Pulse transit time: relationship to blood pressure and
myocardial performance,” Psychophysiology, vol. 16, no. 3, pp. 292-301, 1979). Different
expressions have been derived to characterize the relationship between the blood pressure and
the PWTT, such as described in the following paper: M. Y. Wong et al. “An Estimation of
the Cuffless Blood Pressure Estimation Based on Pulse Transit Time Techniques: a Half Year

Study on Normotensive Subjects”, Cardiovasc Eng. DOI 10.1007/s 10558-009-9070-7.

[0020] Studies have shown that PWTT can also be used to estimate another important
cardiovascular parameter, cardiac output. Cardiac output generally refers to the total volume
of blood pumped by the ventricle per minute. Diseases of the cardiovascular system are often
associated with the change in cardiac output, particularly the pandemic diseases of
hypertension and heart failure. Presently, cardiac output is usually only monitored on
patients in ICUs or operating rooms, because it is typically performed using an invasive

measurement involving insertion of a catheter through a pulmonary artery. Studies have
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shown that an estimate of cardiac output based on PWTT is highly correlated with invasive
measurement of cardiac output. Accordingly, as disclosed herein, such a non-invasive

technique provides a convenient way for users to trace cardiac output trends on a daily basis.

[0021] Pulse wave is usually measured by a pulse oximeter. When measuring pulse
wave, a photoplethysmogram (PPG) sensor is typically placed on a fingertip or earlobe to
track the pulse traveling from the heart to the peripheral point. Light of two different
wavelengths is passed through the patient to a photo detector. The changing absorbance at
cach of the wavelengths is measured, allowing determination of the absorbance due to the
pulsing arterial blood. A recent study, C.G. Scully et al. “Physiological Parameter
Monitoring from Optical Recordings With a Mobile Phone” (IEEE Transaction on
Biomedical Engineering, Vol. 59, No. 2, 2012), has demonstrated that the color change
signals detected by an optical sensor of a mobile phone can be used as an assessment of pulse

wave when putting a fingertip on the optical lens of a video camera.

[0022] The increasing processing power and sensor functionality of smart phones and
mobile devices allow such mobile devices to serve as apparatus for a convenient health care
monitor. In some embodiments, a mobile device that includes an electrical sensor(s) (e.g.,
two ECG sensors can be provided with/integrated with the mobile device and/or a case for
the mobile device, in which the ECG sensors can communicate wirelessly with the mobile
device through Bluetooth, radio frequency (RF), or other wireless telecommunication
techniques) and an optical sensor (e.g., commercially available optical sensors provided
with/integrated into commercially available smart phones can be used and configured to
implement various techniques as further described herein) is configured to record pulse wave
and combine the recorded pulse wave with simultaneous ECG recording captured by an ECG
sensor(s) to derive other cardiovascular related information, such as blood pressure and

cardiac output related index.

[0023] In some embodiments, a handheld mobile device is provided, such as a smart
phone, tablet, or laptop that includes an ECG measurement module and an analysis module.
In some embodiments, the ECG measurement module is constructed to be detachably
coupled with the mobile device, which can be constructed in the form of, for example, a
dongle (e.g., or another similar type of external component that can communicate with and/or
be coupled with the mobile device) to attach to a mobile device, or in the form of a case to

accommodate the mobile device. In some embodiments, the ECG device can be embedded
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inside a mobile device in the form of a chip or a chip set (e.g., one or more processors). In
some embodiments, the ECG measurement module can be constructed as a standalone mobile
device, which can communicate with mobile devices through Bluetooth, RF, or other wireless

telecommunication techniques.

[0024] In some embodiments, the analysis module includes analyzing pulse wave
based on the varying images detected by optical sensors, synchronizing pulse wave with
simultaneously recorded ECG data, and deriving cardiac output and blood pressure index. In
some embodiments, the analysis module is implemented as a software program executed on a
central processor of the mobile device. In some embodiments, the ECG sensors are installed
at a position on the mobile device with which the user’s hand can be in contact with the ECG
sensor(s) as well as the optical sensor by placing fingers onto the optical lens of the optical

sensor at the same time, when the user is holding the mobile device.

[0025] In some embodiments, a handheld mobile cardiac health monitor is provided
to track multiple cardiovascular parameters and/or related information, such as ECG, heart
rate, blood pressure, and cardiac output. In some embodiments, such information can be used
to help evaluate a user’s cardiovascular function and its change over time. Thus, a doctor
may be able to treat a patient based on such information. For example, the occurrence of a
cardiovascular event, such as for example, a heart attack, can be detected if abnormal or

sudden changes of cardiovascular parameters are detected or shown.

[0026] In some embodiments, an algorithm is embedded in the recording unit and
makes decisions in real-time. In some embodiments, the data is transmitted wirelessly to
another device or functional element (e.g., a computer or other computing or functional

processing device) where the decision is made and proper actions are performed.

[0027] In some embodiments, a storage unit, such as on-board memory or a memory
card, is provided such that when abnormal parameters are present, such data is recorded
continuously for further evaluation. In some embodiments, users can voluntarily and

continuously record data (e.g., on such a storage unit).

[0028] In some embodiments, a wircless transmission unit is included in the mobile
device to trigger an alarm (e.g., to call or notify a caregiver and/or doctor) or send commands.
In some embodiments, a GPS element is also included to record/store location information of

the wuser/patient to communicate location information of the user/patient when a



WO 2014/042845 PCT/US2013/056378

cardiovascular disecase or a heart attack event is determined, such as using the wireless
transmission unit. Once an event, disecase, or a heart attack, is detected, a warning is
triggered to allow the patient/caregiver/doctor to take appropriate actions. Treatments such

as medication can also be given to stop or alleviate the situation.

[0029] Figures 1A shows a front view of a mobile cardiac health monitoring system
using a smart phone in a case in accordance with some embodiments. Figures 1B shows a
back view of a mobile cardiac health monitoring system using a smart phone in a case in
accordance with some embodiments. As shown, a smart phone 100 includes ECG clectrodes
130 and an optical sensor 140. As also shown, smart phone 100 is enclosed in smart phone
case 120, and ECG electrodes 130 are integrated in smart phone case 120. In some
embodiments, ECG electrodes are integrated with smart phone 100. In some
implementations, smart phone 100 includes a processor that can be configured to select pixel
resolution at a sampling rate (e.g., such as 720 x 480 pixel resolution at 30 hertz (Hz)) for
optical sensor 140 for providing data from the optical sensor for various techniques for
mobile cardiac health monitoring as further described herein with respect to various
embodiments. In some implement, other types of electrical sensors can be used to perform
various techniques for mobile cardiac health monitoring as further described herein with

respect to various embodiments.

[0030] Figure 2 is a functional block diagram illustrating a configuration of a mobile
device that performs mobile cardiac health monitoring in accordance with some
embodiments. In particular, Figure 2 provides a configuration of a mobile device 200 that
performs mobile cardiac health monitoring in accordance with some embodiments. As
shown, mobile device 200 includes an ECG measurement module 202, a display unit 212, a

central control unit 214, a memory unit 216, and an analysis module 218.

[0031] As shown in Figure 2, ECG measurement module 202 includes an ECG sensor
unit 208 for detecting ECG from a user, a signal-processing unit 206 to process and analyze
ECG and heart rate, and a transmission unit 204 for transmitting data to central control unit

214 of mobile device 200.

[0032] Display unit 212 displays ECG and heart rate signals from ECG measurement
module 202, as well as the cardiac output and blood pressure estimation from analysis

module 218 in, for example, a simultancous and continuous fashion.
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[0033] Memory unit 230 stores detected and derived signals for retrospective review

and/or further investigation for, for example, medical professionals.

[0034] As also shown in Figure 2, analysis module 218 includes pulse wave detection
unit 220 and analysis unit 222. Pulse wave detection unit 220 of analysis module 218
functions to obtain pulse wave data from detecting the varying color signals of a fingertip
placed in contact with an optical sensor of the mobile device 200 (e.g., optical sensor 140 as
shown with respect to Figure 1). In some implementations, central control unit 214 can be
configured to receive optical data from an optical sensor of the mobile device (e.g., in some
case, the central control unit can also configure a desired pixel resolution and sampling rate

of the optical sensor, such as 720 x 480 pixel resolution at 30 hertz (Hz)).

[0035] In some implementations, analysis unit 222 of analysis module 218
synchronizes the simultancous ECG data received from ECG measurement module 202 and
pulse wave data received from pulse wave detection unit 220. For example, analysis unit 222
can then use such synchronized ECG data and pulse wave data to measure Pulse Wave
Transit Time (PWTT) and can also estimate blood pressure and cardiac output. In some
embodiments, analysis module 218 is implemented as a software program executed on
central control unit 214 (e.g., a central processor of the mobile device). In some
implementations, the analysis module, or certain functional modules of the analysis module,
can be implemented in hardware, such as an application-specific integrated circuit (ASIC) or

a field-programmable gate array (FPGA).

[0036] For example, mobile device 200 can be any of the following or similar
portable computing devices, such as a smart phone, tablet computer, and/or laptop computer.
Other example mobile devices can include wearable computing devices (e.g., a smart watch,
a GPS-enabled watch, a wireless enabled wearable device, and/or other similar types of
wearable computing devices) and/or various other mobile computing devices capable of
being integrated with an optical sensor and an electrical sensor (e.g., ECG sensor) and/or a
case coupled to such a mobile computing device that can be integrated with an optical sensor

and an electrical sensor (e.g., ECG sensor).

[0037] Figure 3 shows a view illustrating how to measure an ECG and pulse wave of
a user using a mobile device that performs mobile cardiac health monitoring in accordance

with some embodiments. In particular, Figure 3 provides a view illustrating how to
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simultaneously measure ECG and pulse wave using mobile device 300 that includes a case
integrated with ECG sensors as shown. In some embodiments and referring back to Figure 2,
ECG measurement module 202 is configured to detachably mount to the mobile device. For
example, the module 202 can be configured in the form of a case to accommodate the mobile
device 300 as shown in Figure 4. In some implementations, ECG measurement module 202
can be configured in the form of a dongle attached to the mobile device. As shown in Figure
3, for example, a user can place a finger of one hand on an optical lens of mobile device 300

and meanwhile place two index/middle fingers of both hands on ECG electrodes 330.

[0038] Figure 4 shows normal features of the ECG detected by an ECG sensor in
accordance with some embodiments. ECG records the electrical activity of the heart by
detecting the tiny electrical changes using the skin electrodes. The detected ECG waveform
data includes P, Q, R, S, and T waves. Each part of ECG waveform has its physical meaning.
P wave reflects atrial depolarization (e.g., or contraction). QRS complex reflects the rapid
depolarization of ventricles. T wave represents the repolarization (e.g., or recovery) of

ventricles. R-R interval illustrates the inter-beat timing.

[0039] Figure 5 shows a pulse wave detected by an optical sensor of a mobile device

that performs mobile cardiac health monitoring in accordance with some embodiments.

[0040] In particular, Figures 4 and 5 show an ECG waveform and pulse wave
detected and processed, for example, using ECG measurement module 202 and analysis

module 218 as shown in and described above with respect to Figure 2.

[0041] Figure 6 shows a Pulse Wave Transit Time (PWTT) measured from an ECG
waveform and pulse wave using a mobile device that performs mobile cardiac health
monitoring in accordance with some embodiments. Referring to Figure 6, the starting point
of PWTT is the peak of R wave on ECG, and there are several different choices for ending

point on pulse wave, for example, the foot, peak, or maximum slope point.

[0042] In particular, Figure 6 shows the measurement of PWTT from a simultancous
ECG set of data and pulse wave set of data (e.g., synchronized ECG data and pulse wave data
captured using an ECG sensor and an optical sensor, respectively, of the mobile device, such
as described herein). In some implementations, a process to determine (e.g., estimate) a
measurement of PWTT using a simultancous ECG and pulse wave includes the following:

(1) synchronize ECG and pulse wave detected from the ECG sensor and optical sensor; (2)
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detect the R-wave peak of ECG; and (3) calculate PWTT. In some embodiments, PWTT is
calculated from the time interval between the R-wave peak of the ECG data and pulse wave
arrival when the ECG data and pulse wave are simultancously recorded. In some
embodiments, PWTT is the time interval from the R-wave peak to the foot of the pulse wave.
In some embodiments, PWTT is calculated from the interval between the R-wave peak and
when the differentiated pulse wave reaches, for example, 30% of the peak differentiated pulse

wave.

[0043] Figure 7 is a flow diagram for performing mobile cardiac health monitoring in
accordance with some embodiments. In some embodiments, process 700 is performed using
a mobile device that includes a processor, an optical sensor, and an electrical sensor(s). In
some embodiments, the electrical sensor(s) can be integrated in a case for the mobile device.
In some embodiments, the electrical sensor(s) can be integrated with the mobile device. At
702, receiving a first set of data from an optical sensor is performed. At 704, receiving a
second set of data from an electrical sensor is performed. At 706, performing a plurality of
cardiac health measurements using the first set of data from the optical sensor and the second
set of data from the electrical sensor. In some embodiments, the electrical sensor includes an
electrocardiography (ECG) sensor(s). In some embodiments, the processor is further
configured to control a resolution of the optical sensor (e.g., such as 720 x 480 pixel
resolution). In some embodiments, the processor is further configured to control a sampling
rate of the optical sensor (e.g., such as to use a sampling rate of 30 Hertz (Hz) or higher). In
some embodiments, a plurality of cardiac health measurements includes ECG, heart rate,

blood pressure, and cardiac output.

[0044] Figure 8 is another flow diagram for performing mobile cardiac health
monitoring in accordance with some embodiments. In some embodiments, process 800 is
performed using a mobile device that includes a processor, an optical sensor, and an electrical
sensor(s). In some embodiments, the electrical sensor(s) can be integrated in a case for the
mobile device. In some embodiments, the electrical sensor(s) can be integrated with the
mobile device. At 802, simultancous ECG data and pulse wave data is received (e.g., the
simultaneous ECG data and pulse wave data can be measured using an ECG sensor and an
optical sensor, respectively, of a mobile device and/or such sensors can be integrated in a
case for the mobile device). At 804, the simultancous ECG data and pulse wave data is

synchronized. At 806, the R-wave peak of the ECG data is detected. At 808, PWTT is

10
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calculated using the detected R-wave peak. In some embodiments, PWTT is calculated from
the time interval between the R-wave peak of ECG and pulse wave arrival when ECG and
pulse wave are simultaneously recorded. In some embodiments, PWTT is calculating from
the time interval from the R-wave peak to the foot of pulse wave. In some embodiments,
PWTT is calculated from the interval between the R-wave peak and when the differentiated
pulse wave reaches, for example, 30% of the peak differentiated pulse wave. At 810, a

plurality of cardiac health measurements are performed using the calculated PWTT.

[0045] The calculated PWTT can be used to determine various cardiac health
measurements. For example, the calculated PWTT can be used as an indirect estimation of
blood pressure of the user holding the mobile device. As another example, the calculated
PWTT can be used to provide an estimate of cardiac output. In some embodiments, as shown
in and described above with respect to Figure 3, for example, a user places one of his/her
fingers on the lens of the camera of smart phone, then the image or a portion of the image, for
example, a grayscale portion of the image, is scanned and processed, resulting in brightness
information for every frame. Every heart beat creates a wave of blood that reaches the
capillaries in the tip of the finger. When capillaries are full of blood, they generally will
obstruct the light resulting in lower average brightness values. As blood is retraced, more
light can pass through resulting in higher average brightness. By this way, pulse wave is
captured by extracting, for example, the average brightness values for each frame. During
this process, ECG can be simultaneously captured by placing two hands on ECG electrodes.
The data can be aligned with each other, for example by timestamps of video and ECG
signals. To measure PWTT, R-wave peak detection from the ECG signal, beat — beat
detection, and a particular point detection of pulse wave, such as the foot point of pulse wave
are performed. Many techniques have been derived to characterize the relationship between

PWTT and blood pressure and cardiac output (e.g., such as an overall blood pressure (BP)

A
PWTT?2

was approximated by, BP = + B, as described in publication of P. Fung et al.

“Continuous Noninvasive Blood Pressure Measurement by Pulse Transit Time”, Proceedings
of the 26th Annual International Conference of the IEEE EMBS, San Francisco, CA,
September, 2004. A4 is estimated from subject height, A = (0.6 X height)? X ﬁ. Bis a
calibration value. Cardiac output (CO) can be derived as CO = K X (@ X PWTT + B) X

HR as described in H. Ishihara, et al. “A New Non-invasive Continuous Cardiac Output

Trend Solely Utilizing Routine Cardiovascular Monitors”, Journal of Clinical Monitoring and

11
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Computing, 18: 313-320, 2004, where HR represents heart rate and K, o, and £ can be
obtained through calibration. In addition to estimate blood pressure and cardiac output, other
physiological parameters also can be monitored by the system, such as heart rate, heart rate

variability, and respiration.

[0046] Although the foregoing embodiments have been described in some detail for
purposes of clarity of understanding, the invention is not limited to the details provided.
There are many alternative ways of implementing the invention. The disclosed embodiments

are illustrative and not restrictive.

[0047] WHAT IS CLAIMED IS:

12
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CLAIMS

l. A system for mobile cardiac health monitoring, comprising:
a processor of a mobile device, wherein the processor is configured to:
receive a first set of data from an optical sensor;
receive a second sct of data from an electrical sensor; and
perform a plurality of cardiac health measurements using the first set of data
from the optical sensor and the second set of data from the electrical sensor; and
a memory coupled to the processor and configured to provide the processor with

instructions.

2. The system recited in claim 1, wherein the electrical sensor includes an
electrocardiography (ECG) sensor, and wherein the plurality of cardiac health measurements

includes one or more of following: ECG, heart rate, blood pressure, and cardiac output.

3. The system recited in claim 1, wherein the electrical sensor is integrated in a case for

the mobile device.

4. The system recited in claim 1, wherein the electrical sensor is integrated with the

mobile device.

5. The system recited in claim 1, wherein the processor is further configured to:

control a resolution and sampling rate of the optical sensor.

6. The system recited in claim 1, wherein the processor is further configured to:
determine a blood pressure and a cardiac output related index of a user using the first

set of data from the optical sensor and the second set of data from the electrical sensor.

7. The system recited in claim 1, wherein the processor is further configured to:
determine a Pulse Wave Transit Time (PWTT) using the first set of data from the

optical sensor and the second set of data from the electrical sensor.

8. The system recited in claim 1, wherein the first set of data detected from the optical
sensor includes pulse wave data, wherein the second set of data detected from the electrical
sensor includes electrocardiography (ECG) data, and wherein the processor is further

configured to:

13
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determine a Pulse Wave Transit Time (PWTT) using the pulse wave data and the

ECG data.

9. The system recited in claim 1, wherein the first set of data detected from the optical
sensor includes pulse wave data, wherein the second set of data detected from the electrical
sensor includes electrocardiography (ECG) data, and wherein the processor is further
configured to:

receive simultancous ECG data and pulse wave data;

synchronize the ECG data and the pulse wave data; and

determine a Pulse Wave Transit Time (PWTT) using the ECG data and the pulse

wave data.

10.  The system recited in claim 1, wherein the first set of data from the optical sensor
includes pulse wave data, wherein the second set of data from the electrical sensor includes
electrocardiography (ECG) data, and wherein the processor is further configured to:

receive simultaneous ECG data and pulse wave data;

synchronize the ECG data and the pulse wave data;

detect an R-wave peak of the ECG data; and

calculate a Pulse Wave Transit Time (PWTT) using the detected R-wave peak of the
ECG data.

I1. A method for mobile cardiac health monitoring, comprising:
receiving a first set of data from an optical sensor of a mobile device;
receiving a second set of data from an electrical sensor; and
performing a plurality of cardiac health measurements using the first set of data from

the optical sensor and the second set of data from the electrical sensor.

12. The method of claim 11, wherein the electrical sensor includes an electrocardiography
(ECGQG) sensor, and wherein the plurality of cardiac health measurements includes ECG, heart

rate, blood pressure, and cardiac output.

13. The method of claim 11, wherein the electrical sensor is integrated in a case for the

mobile device.

14.  The method of claim 11, wherein the electrical sensor is integrated with the mobile

device.

15. The method of claim 11, further comprising:

14
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controlling a resolution and sampling rate of the optical sensor.

16. A computer program product for mobile cardiac health monitoring, the computer
program product being embodied in a tangible computer readable storage medium and
comprising computer instructions for:

receiving a first set of data from an optical sensor of a mobile device;

receiving a second set of data from an electrical sensor; and

performing a plurality of cardiac health measurements using the first set of data from

the optical sensor and the second set of data from the electrical sensor.

17. The computer program product recited in claim 16, wherein the electrical sensor
includes an electrocardiography (ECG) sensor, and wherein the plurality of cardiac health

measurements includes ECG, heart rate, blood pressure, and cardiac output.

18. The computer program product recited in claim 16, wherein the electrical sensor is

integrated in a case for the mobile device.

19. The computer program product recited in claim 16, wherein the electrical sensor is

integrated with the mobile device.

20. The computer program product recited in claim 16, further comprising computer
instructions for:

controlling a resolution and sampling rate of the optical sensor.

15
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FIGURE 3
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Receive a first set of data from an optical sensor.

l

, 704
Receive a second set of data from an electrical f
SENSOor.

l

Perform a plurality of cardiac health 706
measurements using the first set of data from the /5“
optical sensor and the second set of data from
the electrical sensor.
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Receive simultaneous ECG data and pulse wave
data.

l

ﬁ()zi
Synchronize the simultanecus ECG data and
pulse wave data.

X

fS%
Detect R-wave peak of the ECG data.

l

5-—8{)8
Caiculate PWTT using the detected R-wave
peak of the ECG data.

|
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Perform a plurality of cardiac health
measurements using the calculated PWTT.




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US13/56378

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61B 5/00, 5/1455 (2013.01)
USPC - 600/301, 509

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

IPC(8): GOG6F 19/00; A61B 5/00, 5/1455 (2013.01)
USPC: 702/19; 600/301, 485, 508-509

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are irig:ludcd in the fields searched

wave, time, transit, transmit

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

MicroPatent (US-G, US-A, EP-A, EP-B, WO, JP-bib, DE-C,B, DE-A, DE-T, DE-U, GB-A, FR-A); IP.com; Google/Google Scholar;
PubMed/MEDLINE: mobile, handheld, cardiac, heart, monitor, processor, optical, electric, sensor, electrocardiogram, pulse, memory,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Rclévant to claim No.
X US 2011/0301439 A1 (ALBERT, D et al.) December 8, 2011; paragraphs [0042])-[0043], [0046], | 1-4, 11-14, 16-19
[0050),[0053)
Y 5-10, 15, 20

Y US 2008/0051667 A1 (GOLDREICH, R) February 28, 2008; paragraphs [0071], [0072] 5,15, 20

Y US 2011/0224564 A1 (MOON, J et al.) September 15, 2011; paragraphs [0019], [0035] : 6

Y US 6736789 B1 (SPICKERMANN, R) May 18, 2004; column 7, lines 48-53 7-10

A US 2010/0298661 A1 (MCCOMBIE, D et al.) November 25, 2010; entire document 1-20

[:I Further documents are listed in the continuation of Box C.

[]

* Special categories of cited documents:

“A”" document defining the general state of the art which is not considered
~ to be of particular relevance .

“E” earlicr application or patent but published on or after the international
filing date

“L™ , document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
- the principle or theory underlying lﬁe invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered 10 involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention-cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilied in the art

wyn

“&” document member of the same patent family

Date of the actual completion of the international search

28 October 2013 (28.10.2013)

Date of mailing of the international search report

T4NOV 2013

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No.  571-273-3201

Authorized officer:
Shane Thomas

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)




THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

KRN

IPCHRS

CPCH¥%S

RIEHHI(IF)

L5

HAB A TF SOk
S\EReERE

BE@®F)

B OB RSN

EP2895054A1 NI (»&E)B
EP2013836992 HiE A
T /N

NeuroSkyZ&] , INC.
NeuroSkyZ2&] , INC.

ZOU RUI
LUO AN
CHUANG CHENG |

ZOU, RUI
LUO, AN
CHUANG, CHENG-

patsnap

2015-07-22

2013-08-23

A61B5/00 A61B5/1455 A61B5/021 A61B5/024 A61B5/026 A61B5/029 A61B5/04 A61B5/0404 A61B5

/0456

A61B5/6898 A61B5/0077 A61B5/0205 A61B5/02108 A61B5/02125 A61B5/02416 A61B5/02438 AG61B5
/0261 A61B5/029 A61B5/04012 A61B5/0404 A61B5/0456 A61B2560/0468 F04C2270/0421

FREEMAN , 2"Z=HCAROL

61/700260 2012-09-12 US
13/973916 2013-08-22 US

EP2895054A4

Espacenet

AFTRTBHOHERERENNEAR, E-EXEHH , —HATEI
DERERNNRECERIRE , ZBIRBZTEREENNKZEE
R — A BENL B N B A BRERE —ARE EARBKF
RRENE - ARENREBERRBNE ZARERTSMOMEREN

=
Eo


https://share-analytics.zhihuiya.com/view/14b5e1b3-9642-4b8c-84da-c45ef9209f1c
https://worldwide.espacenet.com/patent/search/family/050234011/publication/EP2895054A1?q=EP2895054A1

