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DETERMINING PULSE TRANSIT TIME
NON-INVASIVELY USING HANDHELD
DEVICES

BACKGROUND

[0001] Pulse Transit Time (PTT) is the amount of time it
takes for a pressure wave generated by blood being expelled
from the heart to travel between two arterial sites. Advanta-
geously, the PTT correlates with various body metrics, such
as blood pressure, arterial compliance, and the hardening of
artery walls. Although other body metrics, such as height
weight, actual physical distance between the two sites, and so
on influence the blood pressure, the measurement of the PTT
is useful for making these determinations because of the
correlation between PTT and blood pressure, for example.

[0002] According to the Centers for Disease Control and
Prevention (CDC), about 1 in 3 American adults suffers from
high blood pressure. High blood pressure is also referred to
herein as hypertension. Hypertension is a risk factor for
stroke, heart attack, heart failure, arterial aneurysm, and is the
leading cause of renal failure. In the United States alone, it is
estimated that hypertension incurs billions in direct, yearly
healthcare costs, and nearly 1,000 deaths daily. Hypertension
is a significant public health issue, and claims nothing will
save more lives than getting blood pressure under control.

[0003] Unfortunately, hypertension has no visible warning
signs or symptoms, and many people do not even realize they
have it. Additionally, even though there are exercise, dietary,
and behavioral regiments, and medications to prevent and
treat hypertension, compliance is often an issue. However,
tools for measuring blood pressure and other body metrics
can be intrusive, cumbersome, and painful with repeated use.

SUMMARY

[0004] The following presents a simplified summary of the
innovation in order to provide a basic understanding of some
aspects described herein. This summary is not an extensive
overview of the claimed subject matter. It is intended to
neither identify key or critical elements of the claimed subject
matter nor delineate the scope of the subject innovation. Its
sole purpose is 1o present some concepts of the claimed sub-
ject matter in a simplified form as a prelude to the more
detailed description that is presented later.

[0005] The claimed subject matter provides a method for
determining pulse transit time using a handheld device. The
method includes recording an electrocardiogram for a user of
the handheld device. The user is in contact with two points of
the handheld device to enable recording the electrocardio-
gram. The electrocardiogram is filtered for noise. The method
also includes determining a pressure wave based on an image
of the user. The image is filtered for noise. The pulse transition
time is determined based on the filtered electrocardiogram
and the pressure wave.

[0006] Additionally, the claimed subject matter includes a
computer-readable storage media. The computer-readable
storage media includes code configured to direct a processor
to determine a pulse transition time for a user of a handheld
device.

[0007] The following description and the annexed draw-
ings set forth in detail certain illustrative aspects of the
claimed subject matter. These aspects are indicative, how-
ever, of a few of the various ways in which the principles of
the innovation may be employed and the claimed subject
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matter is intended to include all such aspects and their equiva-
lents. Other advantages and novel features of the claimed
subject matter will become apparent from the following
detailed description of the innovation when considered in
conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a block diagram of a system for non-
invasive measurement of heart rate and blood pressure, in
accordance with the claimed subject matter;

[0009] FIG. 2 is a graph showing an example raw EKG
signal and processed EKG signal in accordance with the
claimed subject matter;

[0010] FIG. 3 is a graph showing a subsequent filtering
stage in accordance with embodiments of the claimed subject
matter;

[0011] FIG. 4 shows images of a face used to identify the
pressure wave in accordance with embodiments of the
claimed subject matter;

[0012] FIG. 5 is a block diagram of independent compo-
nents analysis in accordance with embodiments of the
claimed subject matter;

[0013] FIG. 6 is a process flow diagram of a method for
non-invasive measurement of PTT, in accordance with the
claimed subject matter;

[0014] FIG. 7is a block diagram of an exemplary network-
ing environment wherein aspects of the claimed subject mat-
ter can be employed; and

[0015] FIG. 8is a block diagram of an exemplary operating
environment for implementing various aspects of the claimed
subject matter.

DETAILED DESCRIPTION

[0016] The claimed subject matter is described with refer-
ence to the drawings, wherein like reference numerals are
used to refer to like elements throughout. In the following
description, for purposes of explanation, numerous specific
details are set forth in order to provide a thorough understand-
ing of the subject innovation. It may be evident, however, that
the claimed subject matter may be practiced without these
specific details. In other instances, well-known structures and
devices are shown in block diagram form in order to facilitate
describing the subject innovation.

[0017] As utilized herein, the terms “component,” “sys-
tem,” “client” and the like are intended to refer to acomputer-
related entity, either hardware, software (e.g., in execution),
firmware, or a combination thereof. For example, a compo-
nent can be a process running on a processor, an object, an
executable, a program, a function, a library, a subroutine, a
computer, or a combination of software and hardware.
[0018] By way of illustration, both an application running
on a server and the server can be a component. One or more
components can reside within a process and a component can
be localized on one computer and/or distributed between two
or more computers. The term, processor, is generally under-
stood to refer to a hardware component, such as a processing
unit of a computer system.

[0019] Furthermore, the claimed subject matter may be
implemented as a method, apparatus, or article of manufac-
ture using standard programming and/or engineering tech-
niques to produce software, firmware, hardware, or any com-
bination thereof to control a computer to implement the
disclosed subject matter. The term “article of manufacture” as

3 i«
gl



US 2014/0249398 Al

used herein is intended to encompass a computer program
accessible from any computer-readable device, or media.
[0020] Computer-readable storage media can include but
are not limited to magnetic storage devices (e.g., hard disk,
floppy disk, and magnetic strips, among others), optical disks
(e.g., compact disk (CD), and digital versatile disk (DVD),
among others), smart cards, and flash memory devices (e.g.,
card, stick, and key drive, among others). In contrast, com-
puter-readable media generally (i.e., not storage media) may
additionally include communication media such as transmis-
sion media for wireless signals and the like.

[0021] Of course, those skilled in the art will recognize
many modifications may be made to this configuration with-
out departing from the scope or spirit of the claimed subject
matter. Moreover, the word “exemplary” is used herein to
mean serving as an example, instance, or illustration. Any
aspect or design described herein as “exemplary” is not nec-
essarily to be construed as preferred or advantageous over
other aspects or designs.

[0022] Even though continuous and ambulatory measure-
ments are useful for diagnosis and monitoring, body metrics,
such as blood pressure readings have not gained much atten-
tion in the mobile consumer space. This may be due to the
intrusiveness of the typical measurement devices. For
example, the standard sphygmomanometer is composed of an
inflatable cuff that goes around the upper arm to restrict blood
flow, and a mercury or mechanical manometer that measures
the pressure. The sphygmomanometer is not only cumber-
some to wear, but marginally painful when used repeatedly.
[0023] One embodiment of the claimed subject matter
enables a user to track effects of short-term activities on their
blood pressure using a handheld device. The handheld device
provides incidental, non-invasive, blood pressure and heart
rate measurements with a consumer-friendly handheld
device.

[0024] FIG. 1 is a block diagram of a system for non-
invasive measurement of heart rate and blood pressure, in
accordance with the claimed subject matter. The system 100
includes a user 102 operating a handheld device 104. The
handheld device 104 determines theuser’s PTT while the user
102 is holding the handheld device 104.

Form Factors for Non-Invasive PTT Measurement

[0025] Determining the PTT involves combining an elec-
trical measurement and a mechanical measurement: the
user’s electrocardiogram and an image of the user’s pressure
wave. The pressure wave is the change in shape of a blood
vessel visible through the user’s skin. The EKG indicates
when blood leaves the heart. The moment when the pressure
wave appears in an image of the user 102 indicates when the
blood arrives at the arterial location of the pressure wave. The
PTT is determined by calculating the amount of time that
passes between the blood leaving the heart, and arriving at the
arterial site of the pressure wave.

[0026] Recording the EKG involves using two contact
points 106, each in contact with different parts of the user’s
body. In one embodiment of the claimed subject matter, the
contact points 106 include two conductive pads. Such
embodiments may be included where the positions of the
contact points 106 on the handheld device 104 are predeter-
mined Some such devices include, but are not limited to, a
game controller, a tablet (when held in two hands), and a
keyboard. Alternatively, one contact point 106 may include a
conductive pad. For example, the contact point 106 may
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include a conductive clear coating on the front of a device’s
touch screen. The user 102 may hold a smart phone such that
one hand touches the back of the phone, and the other hand
contacts the touch screen. Alternatively, the contact points
may be included on a side of the device 104. In another
embodiment, the contact points 106 include one conductive
pad on a device body, and one conductive pad in an earphone
connected to the device body. In yet another embodiment,
noise in the EKG signal may be reduced using a 3-4 electrode
setup that makes use of an active grounding system, e.g., a
right leg drive.

[0027] Any of various cameras may be used to capture the
video image used to identify the pressure wave. Some cam-
eras include, but are not limited to, a front-facing camera on
a phone or tablet; a camera remotely connected to a console
device or desktop computer; and optical sensors, e.g., a
photo-sensor or light-emitting diode (LED) pair embedded
on the device 104, such as on the contact area of a game
controller, or around the non-touch-screen area of a phone or
tablet. Various components (not shown) may be used on the
handheld device 104 to acquire the electrical and mechanical
measurements, and in various combinations.

[0028] The handheld device 104 provides at least a single
channel of the EKG signal, such as could be recorded using
two electrodes in contact with a user’s left and right hands.
The pressure wave may be identified by using a contact opti-
cal sensor on the hand grasping the device to capture images
of the user’s skin. Alternatively, a camera pointed at the face,
or other point on the body may be used to determine when the
pressure wave appears. While the data provided in the EKG
and the pressure wave may be noisy, embodiments of the
claimed subject matter reduce the noise to improve the cal-
culation of the PTT between the heart and a predetermined
second arterial point.

[0029] Further, the device 104 may provide additional body
metrics, such as weight, height, distance from the heart to the
arterial site of the pressure wave, and so on, using image
capture, data capture, and so on. Using the determined PTT
with the additional body metrics, it may be possible to deter-
mine blood pressure, pulse rate, and other diagnostic mea-
surements.

[0030] Embodiments ofthe claimed subject matter provide
signal processing techniques for electrical signals to reduce
the noise of EKG measurements taken when the user 102 may
be walking, or otherwise moving. Typically, an EKG taken at
the doctor’s office assumes the patient is not moving. In
embodiments of the claimed subject matter, motion intro-
duces an artifact into the EKG signal. However, the device
104 processes the EKG signal to reduce this artifact and more
reliably determine the PTT. Further, the contact points 106
may be dynamic, not static pre-determined points on the
device 104. Because the point of contact is not readily pre-
dictable, the EKG signal is processed to reduce the effect that
the particular contact point 106 used introduces to the signal.

Signal Processing for Robust EKG Measurement

[0031] Conventional signal processing techniques for EKG
recording are based on stable, low-impedance contact
between a measurement device and patient, such as provided
by wet clinical electrodes, and a physically stable patient.
EKG equipment is generally designed to fail gracefully if the
contacts are not provided or the patient moves. However,
when the EKG is being measured through the handheld
device, e.g., a consumer phone, keyboard, or game controller,
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movement, and the lack of predictable contact points intro-
duce noise to the EKG. Accordingly, embodiments of the
claimed subject matter provide signal processing techniques
for improving the robustness of a single-channel EKG signal.
[0032] Two sources of noise in the EKG signal are the
relative motion of muscles in contact with the contact points
106, and 60 Hz noise induced by hardware on the handheld
device 104 to acquire the EKG signal.

[0033] Conventional filtering methods such as band-stop or
band-pass filters can be used to remove such noise. However,
given the nature of the signal profile used to determine PTT,
the noise is removed from the raw EKG data using wavelet
transforms where predetermined waves are separated from
other components of an EKG pulse wave.

[0034] FIG.2isagraph200showing an example raw EKG
signal 202 and processed EKG signal 204 in accordance with
the claimed subject matter. The graph includes an x-axis 206
representing time, and a y-axis 208 representing single chan-
nel voltage of an EKG. The graph 200 includes examples of
R-waves, Example 1 and Example 2. The R-waves represent
example heartbeats of the user 102 determined using the
handheld device 104.

[0035] The R-wave is representative of the aorta-valve
pump action in time. Thus, a clean R-wave signal provides a
consistent reference point for measuring peak-to-peak dis-
tance from data obtained from optical sources, such as cam-
eras, photodiodes, and the like.

[0036] The raw EKG signal 202 and processed EKG signal
204 illustrate raw data in contrast to the raw data after being
filtered using wavelet transforms. The filters that produce
processed EKG signal 204 crop the 60 Hz noise and other
noise components. In one embodiment, the filter is a 5-level
non-decimated discrete wavelet transform used with the
daubechies wavelet. Advantageously, the daubechies wavelet
provides a scaling function with low-pass filter coefficients
that accord to the R-wave profile, shown here in Examples 1
and 2.

[0037] FIG. 3is a samples graph 300 showing a subsequent
filtering stage in accordance with embodiments of the
claimed subject matter. The graph 300 includes an x-axis 302
of time, and a y-axis 304 of voltage. Specifically, the data is
processed using the continuous wavelet transform viaa Gaus-
sian wavelet, the scaling function of which appears similar to
aGaussian distribution. From this transform, a range of scales
is selected corresponding to frequencies between 15 Hz and
30 Hz. The selection of values in the band-of-interest, e.g., 15
Hz and 30 Hz, is performed using prior knowledge about the
R-wave of the human heart.

[0038] The values in the graph 300 illustrate a 2-dimen-
sional map representing the energy at that sample in time for
that frequency. The sum of energies is computed along the
rows of this graph 300 to produce a peak signal 306. The peak
signal 306 represents the final wavelet-processed EKG signal
that embodiments of the claimed subject matter use to deter-
mine the start time for PTT measurements.

[0039] To determine the end time of the PTT, the moment
when the pressure wave arrives at an arterial site away from
the heart, images of the user are captured. Predetermined
regions of the image are identified. Additionally, pixel pro-
files are generated for the pixels in each of these regions.
Rhythmic changes in the pixel profile may indicate the pres-
ence of the pressure wave. However, the image may include
noise. As such, the image is processed before analyzed for the
pressure wave.
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Signal Processing for Robust Pulse Measurement
from Video

[0040] Previous methods for extracting pulse information
from video have limited robustness for determining heart rate
over long windows of time, e.g., 30 seconds. As such, these
methods do not find individual peaks in the optical or image-
based pulse signal. In contrast, embodiments of the claimed
subject matter localize each pulse peak in time, by using a
more robust video processing pipeline. The techniques
described in this section assume that a consumer-grade cam-
erahas been pointed approximately at the face of the user 102.
[0041] FIG. 4 shows images 400 of a face used to identify
the pressure wave in accordance with embodiments of the
claimed subject matter. The smoothed image is processed to
extract regions of interest (ROIs). The regions of interest are
areas of the image where the pressure wave may appear. A
matrix of 1-D signals is generated for each ROI to identify the
pressure wave. This matrix is also referred to herein as the
pixel profile.

ROI Extraction and Signal Preparation

[0042] A face tracker may be used to find the user’s face in
a captured image 402. Face trackers are typically image-
processing software that identifies potential areas of the
image that contain a human face. The face tracker may also
crop the image 402 to only include the face. As shown, the
white box 404 indicates the crop line of image 402. The
cropped image is shown in image 406.

De-noising Images

[0043] With typical consumer cameras, the effect of sensor
noise 408 can be seen in recorded video. This noise appears as
speckles across frames of video. The sensor noise is typically
high-frequency, and can be removed using a smoothing filter,
such as a Gaussian filter. However, applying a Gaussian or
other averaging filter may distort the temporal profiles of each
pixel, and can result in mixing signal with noise. Accordingly,
to avoid mixing signal with noise, and better identify the
pressure wave, embodiments of the claimed subject matter
use software filtering through 2-D wavelet transforms, via a
level-4 db2 wavelet transform. The non-decimated wavelet
transform is used to remove some of the high-frequency infor-
mation by setting the corresponding wavelet bands to zero,
and reconstructing the remaining low frequency sub-bands to
vield a de-noised image. This approach is similar to running
a 2-D band-pass filter on an image. Further, using this
approach, the wavelets preserve the integrity of low-fre-
quency intensity profiles, such as around the cheek regions
and the nose.

[0044] Wavelet de-noising also allows the average pixel
profile (average of each image across frames) to be relatively
unaffected of the noise profile of the camera used for image
capture. Accordingly, the image 406 is smoothed using wave-
let de-noising to remove the noise 408, and generate clean
image 410.

[0045] From the clean image 410, three red-green-blue
(RGB) images are generated: a thresholded face region (ROI-
1), a cropped and thresholded left face region (ROI-2), and a
cropped and thresholded right face (ROI-3). Each of the
regions is thresholded to limit the areas of the image analyzed
for the pressure wave. The face tracker provides coordinates
ofthe face. Accordingly, an inner portion of the cropped facial
image 406 is extracted for analysis. The inner portion, ROI-1,



US 2014/0249398 Al

includes a predetermined portion of the inner part of the
image. For example, the ROI-1 may include the inner 90% of
the facial region in image 406.

[0046] The blood vessels underneath the cheek regions of
the face are typically reflective in different lighting condi-
tions, making the images of the cheeks a target for the appear-
ance of the pressure wave. The cheeks are included in ROI-2
and ROI-3.

[0047] To extract ROI-2 and ROI-3 in one embodiment, the
image402 is arranged in a regular 3x3 grid 412, and the pixels
in the mid-right, lower-right, mid-left, and lower-left grid
regions are extracted. The locations of the pupil, nose, and
corner of the mouth, as determined by the face tracker, to
determine the center of the ROIs.

[0048] The ROIs are processed to remove low-intensity
pixels using a predetermined threshold. For example, pixels
with a maximum intensity in the red channel less than 30%
may be removed. Within each region and each frame, the R,
G, and B intensities are averaged, yielding three vector sig-
nals for each region (one value per frame), for a total of nine
vector signals 414 that are used for subsequent processing.
[0049] In another embodiment, two or more regions of the
face may be used to find the pulse signal. In such an embodi-
ment, the vector signals 414 may be produced for each region.
[0050] FIG. 5 is a block diagram of independent compo-
nents analysis in accordance with embodiments of the
claimed subject matter. Independent component analysis
(ICA) 502 is used to find the pulse signal within the 9-dimen-
sional input signal, i.e., signals 414.

Component of Interest Selection and IC Extraction

[0051] ICA yields 5 components 504 from the 9 input vec-
tors. In one embodiment of the claimed subject matter, the
component with the minimum Kurtosis is selected to identify
the pressure wave. The component with minimum Kurtosis is
typically more patterned than the other components 504.
[0052] FIG. 6isaprocess flow diagram of a method 600 for
non-invasive measurement of PTT, in accordance with the
claimed subject matter. It is noted that the sequence of method
600 is not limited to that indicate by the order of the blocks
indicated in FIG. 6. At block 602, an EKG is recorded for the
user 102.

[0053] At block 604, the EKG may be de-noised. At block
606, video images ofthe user 102 may also be de-noised. The
de-noised images may be used to identify the moment and
location of the pressure wave. At block 608, the PTT may be
determined based on a start time indicated by the de-noised
EKG, and the end time, indicated by the de-noised images.
[0054] FIG.7 is a block diagram of an exemplary network-
ing environment 700 wherein aspects of the claimed subject
matter can be employed. Moreover, the exemplary network-
ing environment 700 may be used to implement a system and
method that determining pulse transit time non-invasively
using handheld devices.

[0055] The networking environment 700 includes one or
more client(s) 702. The client(s) 702 can be hardware and/or
software (e.g., threads, processes, computing devices). As an
example, the client(s) 702 may be client devices, providing
access to server 704, over a communication framework 708,
such as the Internet.

[0056] The environment 700 also includes one or more
server(s) 704. The server(s) 704 can be hardware and/or soft-
ware (e.g., threads, processes, computing devices). The serv-
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er(s) 704 may include a server device. The server(s) 704 may
be accessed by the client(s) 702.

[0057] One possible communication between a client 702
and a server 704 can be in the form of a data packet adapted to
be transmitted between two or more computer processes. The
environment 700 includes a communication framework 708
that can be employed to facilitate communications between
the client(s) 702 and the server(s) 704.

[0058] The client(s) 702 are operably connected to one or
more client data store(s) 710 that can be employed to store
information local to the client(s) 702. The client data store(s)
710 may be located in the client(s) 702, or remotely, such as
in a cloud server. Similarly, the server(s) 704 are operably
connected to one or more server data store(s) 706 that can be
employed to store information local to the servers 704.
[0059] With reference to FIG. 8, an exemplary operating
environment 800 is shown for implementing various aspects
of the claimed subject matter. The exemplary operating envi-
ronment 800 includes a computer 802. The computer 802
includes a processing unit 804, a system memory 806, and a
system bus 808.

[0060] The system bus 808 couples system components
including, but not limited to, the system memory 806 to the
processing unit 804. The processing unit 804 can be any of
various available processors. Dual microprocessors and other
multiprocessor architectures also can be employed as the
processing unit 804.

[0061] The system bus 808 can be any of several types of
bus structure(s) including the memory bus or memory con-
troller, a peripheral bus or external bus, and/or a local bus
using any variety of available bus architectures known to
those of ordinary skill in the art. The system memory 806
includes computer-readable storage media that includes vola-
tile memory 810 and nonvolatile memory 812.

[0062] The basic input/output system (BIOS), containing
the basic routines to transfer information between elements
within the computer 802, such as during start-up, is stored in
nonvolatile memory 812. By way of illustration, and not
limitation, nonvolatile memory 812 can include read only
memory (ROM), programmable ROM (PROM), electrically
programmable ROM (EPROM), electrically erasable pro-
grammable ROM (EEPROM), or flash memory.

[0063] Volatile memory 810 includes random access
memory (RAM), which acts as external cache memory. By
way of illustration and not limitation, RAM is available in
many forms such as static RAM (SRAM), dynamic RAM
(DRAM), synchronous DRAM (SDRAM), double data rate
SDRAM (DDR SDRAM), enhanced SDRAM (ESDRAM),
SynchLink™ DRAM (SLDRAM), Rambus® direct RAM
(RDRAM), direct Rambus® dynamic RAM (DRDRAM),
and Rambus® dynamic RAM (RDRAM).

[0064] The computer 802 also includes other computer-
readable media, such as removable/non-removable, volatile/
non-volatile computer storage media. FIG. 8 shows, for
example a disk storage 814. Disk storage 814 includes, but is
not limited to, devices like a magnetic disk drive, floppy disk
drive, tape drive, Jaz drive, Zip drive, LS-100 drive, flash
memory card, or memory stick.

[0065] In addition, disk storage 814 can include storage
media separately or in combination with other storage media
including, but not limited to, an optical disk drive such as a
compact disk ROM device (CD-ROM), CD recordable drive
(CD-R Drive), CD rewritable drive (CD-RW Drive) or a
digital versatile disk ROM drive (DVD-ROM). To facilitate
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connection of the disk storage devices 814 to the system bus
808, aremovable or non-removable interface 1s typically used
such as interface 816.

[0066] Itisto be appreciated that FI1G. 8 describes software
that acts as an intermediary between users and the basic
computer resources described in the suitable operating envi-
ronment 800. Such software includes an operating system
818. Operating system 818, which can be stored on disk
storage 814, acts to control and allocate resources of the
computer system 802.

[0067] System applications 820 take advantage of the man-
agement of resources by operating system 818 through pro-
gram modules 822 and program data 824 stored either in
system memory 806 or on disk storage 814. It is to be appre-
ciated that the claimed subject matter can be implemented
with various operating systems or combinations of operating
systems.

[0068] A user enters commands or information into the
computer 802 through input device(s) 826. Input devices 826
include, but are not limited to, a pointing device (such as a
mouse, trackball, stylus, or the like), a keyboard, a micro-
phone, a joystick, a satellite dish, a scanner, a TV tuner card,
a digital camera, a digital video camera, a web camera, and
the like. The input devices 826 connect to the processing unit
804 through the system bus 808 via interface port(s) §28.
Interface port(s) 828 include, for example, a serial port, a
parallel port, a game port, and a universal serial bus (USB).
[0069] Output device(s) 830 use some of the same type of
ports as input device(s) 826. Thus, for example, a USB port
may be used to provide input to the computer 802, and to
output information from computer 802 to an output device
830.

[0070] Output adapter 832 is provided to illustrate that
there are some output devices 830 like monitors, speakers,
and printers, among other output devices 830, which are
accessible via adapters. The output adapters 832 include, by
way of illustration and not limitation, video and sound cards
that provide a means of connection between the output device
830 and the system bus 808. It can be noted that other devices
and systems of devices provide both input and output capa-
bilities such as remote computer(s) 834.

[0071] The computer 802 can be a server hosting various
software applications in a networked environment using logi-
cal connections to one or more remote computers, such as
remote computer(s) 834. The remote computer(s) 834 may be
client systems configured with web browsers, PC applica-
tions, mobile phone applications, and the like.

[0072] Theremote computer(s) 834 can be a personal com-
puter, a server, arouter, a network PC, a workstation, a micro-
processor based appliance, a mobile phone, a peer device or
other common network node and the like, and typically
includes many or all of the elements described relative to the
computer §02.

[0073] For purposes of brevity, only a memory storage
device 836 is illustrated with remote computer(s) 834.
Remote computer(s) 834 is logically connected to the com-
puter 802 through a network interface 838 and then connected
via a wireless communication connection 840.

[0074] Network interface 838 encompasses wireless com-
munication networks such as local-area networks (LAN) and
wide-area networks (WAN). LAN technologies include Fiber
Distributed Data Interface (FDDI), Copper Distributed Data
Interface (CDDI), Ethernet, Token Ring and the like. WAN
technologies include, but are not limited to, point-to-point
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links, circuit switching networks like Integrated Services
Digital Networks (ISDN) and variations thereon, packet
switching networks, and Digital Subscriber Lines (DSL).

[0075] Communication connection(s) 840 refers to the
hardware/software employed to connect the network inter-
face 838 to the bus 808. While communication connection
840 is shown for illustrative clarity inside computer 802, it
can also be external to the computer 802. The hardware/
software for connection to the network interface 838 may
include, for exemplary purposes only, internal and external
technologies such as, mobile phone switches, modems
including regular telephone grade modems, cable modems
and DSL modems, ISDN adapters, and Ethernet cards.

[0076] An exemplary processing unit 804 for the server
may be a computing cluster comprising Intel® Xeon CPUs.
The disk storage 814 may comprise an enterprise data storage
system, for example, holding thousands of impressions.

[0077] What has been described above includes examples
of the subject innovation. It is, of course, not possible to
describe every conceivable combination of components or
methodologies for purposes of describing the claimed subject
matter, but one of ordinary skill in the art may recognize that
many further combinations and permutations of the subject
innovation are possible. Accordingly, the claimed subject
matter is intended to embrace all such alterations, modifica-
tions, and variations that fall within the spirit and scope of the
appended claims.

[0078] In particular and in regard to the various functions
performed by the above described components, devices, cir-
cuits, systems and the like, the terms (including a reference to
a“means”) used to describe such components are intended to
correspond, unless otherwise indicated, to any component
which performs the specified function of the described com-
ponent (e.g., a functional equivalent), even though not struc-
turally equivalent to the disclosed structure, which performs
the function in the herein illustrated exemplary aspects of the
claimed subject matter. In this regard, it will also be recog-
nized that the innovation includes a system as well as a
computer-readable storage media having computer-execut-
able instructions for performing the acts and/or events of the
various methods of the claimed subject matter.

[0079] There are multiple ways of implementing the sub-
jectinnovation, e.g., an appropriate API, tool kit, driver code,
operating system, control, standalone or downloadable soft-
ware object, etc., which enables applications and services to
use the techniques described herein. The claimed subject
matter contemplates the use from the standpoint of an API (or
other software object), as well as from a software or hardware
object that operates according to the techniques set forth
herein. Thus, various implementations of the subject innova-
tion described herein may have aspects that are wholly in
hardware, partly in hardware and partly in sofiware, as well as
in software.

[0080] The aforementioned systems have been described
with respect to interaction between several components. It
can be appreciated that such systems and components can
include those components or specified sub-components,
some of the specified components or sub-components, and/or
additional components, and according to various permuta-
tions and combinations of the foregoing. Sub-components
can also be implemented as components communicatively
coupled to other components rather than included within
parent components (hierarchical).



US 2014/0249398 Al

[0081] Additionally, it can be noted that one or more com-
ponents may be combined into a single component providing
aggregate functionality or divided into several separate sub-
components, and any one or more middle layers, such as a
management layer, may be provided to communicatively
couple to such sub-components in order to provide integrated
functionality. Any components described herein may also
interact with one or more other components not specifically
described herein but generally known by those of skill in the
art.
[0082] In addition, while a particular feature of the subject
innovation may have been disclosed with respect to only one
of several implementations, such feature may be combined
with one or more other features of the other implementations
as may be desired and advantageous for any given or particu-
lar application. Furthermore, to the extent that the terms
“includes,” “including,” “has,” “contains,” variants thereof,
and other similar words are used in either the detailed descrip-
tion or the claims, these terms are intended to be inclusive in
a manner similar to the term “comprising” as an open transi-
tion word without precluding any additional or other ele-
ments.
1. A method for determining pulse transit time using a
handheld device, the method comprising:
generating an electrocardiogram (EKG) for a user of the
handheld device, wherein the EKG is generated from
two conductive contact points on the handheld device in
contact with two portions of the user’s body;

de-noising the EKG to identify a start time when a blood
pulse leaves a heart of the user;

receiving a plurality of video images of the user;

de-noising the plurality of video images of the user to

identify a pressure wave indicating an arterial site and a
time when the pressure wave appears; and

determining a pulse transit time (PTT) based on the de-

noised EKG and the de-noised video images.

2. The method recited in claim 2, comprising:

determining a blood pressure measurement of the user

based on the PTT; and

presenting the blood measurement using the handheld

device.

3. The method recited in claim 1, wherein one of the con-
ductive contact points comprises a contact point on a conduc-
tive touch screen surface of the handheld device.

4. The method recited in claim 1, wherein one of the con-
ductive contact points comprises a contact point on a back of
the handheld device.

5. The method recited in claim 2, wherein one of the con-
ductive contact points- comprises a contact point on an eat-
phone in communication with the handheld device.

6. The method recited in claim 1, comprising:

identifying a start time of the PTT, wherein the start time is

determined from the de-noised EKG; and

identifying an end time of the PTT, wherein the end time is

the time when the pressure wave appears.

7. The method recited in claim 1, comprising:

identifying a facial region of the video images; identifying

a left cheek region of the video images; identifying a
right cheek region of the video images;

generating a red-green-blue (RGB) signal for the facial

region, left cheek region, and right cheek region;
performing independent component analysis (ICA) on the
RGB signals to generate components of the [CA;
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identifying the pressure wave based on a component of the
ICA having a lowest Kurtosis of the compornents of the
ICA.
8. A system for determining pulse transit time using a
handheld device, the system comprising:
a processing unit; and
a system memory, wherein the system memory comprises
code configured to direct the processing unit to:

generate an electrocardiogram (EKG) for a user of the
handheld device, wherein the EKG is generated from
two conductive contact points on the handheld device in
contact with two portions of the user’s body;

de-noise the EKG to identify a start time when a blood

pulse leaves a heart of the user;

receive a plurality of video images of the user;

de-noise the plurality of video images of the user to identify

a pressure wave indicating an arterial site and a time
when the pressure wave appears; and

determine a pulse transit time (PTT) based on the de-

noised EKG and the de-noised video images.

9. (canceled)

10. The system recited in claim 8, wherein one of the
conductive contact points comprises a contact point on a
conductive touch screen surface of the handheld device.

11. The system recited in claim 8, wherein one of the
conductive contact points comprises a contact point on a back
of the handheld device.

12. The system recited in claim 8, wherein one of the
conductive contact points comprises a contact point on an
earphone in communication with the handheld device.

13. The system recited in claim 8, comprising code con-
figured to direct the processing unit to:

identify a start time of the PTT, wherein the start time is

determined from the de-noised EKG; and

identify an end time of the PTT, wherein the end time is the

time when the pressure wave appears.

14. The system recited in claim 8, comprising code con-
figured to direct the processing unit to:

identify a facial region of the video images; identify a left

cheek region of the video images; identify a right cheek
region of the video images;

generate a red-green-blue (RGB) signal for the facial

region, left cheek region, and right cheek region;
perform independent component analysis (ICA) on the
RGB signals to generate components of the ICA;
identify the pressure wave based on a component of the
ICA having a lowest Kurtosis of the components of the
ICA.

15. One or more computer-readable storage memory for
determining pulse transit time, the computer-readable storage
memory comprising code configured to direct a processing
unit to:

generate an electrocardiogram (EKG) for a user of a hand-

held device, wherein the EKG is generated from two
conductive contact points on the handheld device in
contact with two portions of the user’s body;

de-noise the EKG to identify a start time when a blood

pulse leaves a heart of the user;

receive a plurality of video images of the user;

de-noise the plurality of video images ofthe user to identify

a pressure wave indicating an arterial site and a time
when the pressure wave appears; and

determine a pulse transit time (PTT) based on the de-

noised EKG and the de-noised video images.
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16. The computer-readable storage memory recited in
claim 15, comprising code configured to direct a processing
unit to:

determining a blood pressure measurement of the user

based on the PTT; and

presenting the blood measurement using the handheld

device.

17. The computer-readable storage memory recited in
claim 15, wherein one of the conductive contact points com-
prises a contact point on a conductive touch screen surface of
the handheld device, and one of the contact points comprises
a contact point on a back or side of the handheld device.

18. The computer-readable storage memory recited in
claim 15, comprising code configured to direct the processing
unit to:

identify a start time of the PTT, wherein the start time is

determined from the de-noised EKG; and

identify an end time of the PTT, wherein the end time is the

time when the pressure wave appears.

19. The computer-readable storage memory recited in
claim 15, comprising code configured to direct the processing
unit to:
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identify a facial region of the video images; identify a left
cheek region of the video images; identify a right cheek
region of the video images;

generate a red-green-blue (RGB) signal for the facial

region, left cheek region, and right cheek region; and
perform independent component analysis (ICA) on the
RGB signals to generate components of the ICA.

20. The computer-readable storage memory recited in
claim 15, comprising code configured to direct the processing
unit to:

identify an additional facial region of the video image;

perform dimensionality reduction on the additional facial
region to generate dimensionally-reduced signals; and

select one of the dimensionally-reduced signals for pulse
extraction based on statistical measures of information
content.

21. The computer-readable storage memory recited in
claim 15, wherein the handheld device comprises a game
controller.
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