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Description
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. Advantageously, the PTT correlates with various
body metrics, such as blood pressure, arterial compli-
ance, and the hardening of artery walls. Although other
body metrics, such as height weight, actual physical dis-
tance 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 correla-
tion between PTT and blood pressure, for example.
[0002] According to the Centers for Disease Control
and Prevention (CDC), about 1 in 3 American adults suf-
fers 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 billionsindirect, yearly healthcare costs, and near-
ly 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, compli-
ance is often an issue. However, tools for measuring
blood pressure and other body metrics can be intrusive,
cumbersome, and painful with repeated use.

[0004] EP2425768 describes a biosensor device
which comprises a light transmissive electrocardiograph-
ic electrode and a light transmissive insulating film for
detecting an electrical signal relating to an electrocardi-
ographic signal through capacitive coupling. These are
disposed above light emitting elements and a light re-
ceiving element for detecting an optical detection signal
relating to a photo-plethysmographic signal.

SUMMARY

[0005] 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. lts sole purpose is to present some
concepts of the claimed subject matter in a simplified
form as a prelude to the more detailed description that
is presented later.

[0006] The claimed subject matter provides a method
for determining pulse transit time using a handheld de-
vice. The method includes recording an electrocardio-
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gram for a user of the handheld device. The user is in
contact with two points of the handheld device to enable
recording the electrocardiogram. The electrocardiogram
is filtered for noise. The method also includes determin-
ing 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.

[0007] Additionally, the claimed subject matter in-
cludes a computer-readable storage media. The compu-
ter-readable storage media includes code configured to
direct a processor to determine a pulse transition time
for a user of a handheld device.

[0008] The following description and the annexed
drawings set forth in detail certain illustrative aspects of
the claimed subject matter. These aspects are indicative,
however, of a few of the various ways in which the prin-
ciples of theinnovation may be employed and the claimed
subject matter is intended to include all such aspects and
their equivalents. 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

[0009]

FIG. 1is ablock diagram of a systemfor non-invasive
measurement of heart rate and blood pressure, in
accordance with the claimed subject matter;

FIG. 2 is a graph showing an example raw EKG sig-
nal and processed EKG signal in accordance with
the claimed subject matter;

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

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

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

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

FIG.7is ablock diagram of an exemplary networking
environment wherein aspects of the claimed subject
matter can be employed; and

FIG. 8 is a block diagram of an exemplary operating
environment forimplementing various aspects of the
claimed subject matter.

DETAILED DESCRIPTION

[0010] The claimed subject matter is described with
reference to the drawings, wherein like reference numer-
als are used to refer to like elements throughout. In the
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following description, for purposes of explanation, nu-
merous specific details are set forth in order to provide
a thorough understanding 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.

[0011] As utilized herein, the terms "component”, "sys-
tem", "client" and the like are intended to refer to a com-
puter-related entity, either hardware, software (e.g., in
execution), firmware, or a combination thereof. For ex-
ample, a component can be a process running on a proc-
essor, an object, an executable, a program, a function,
a library, a subroutine, a computer, or a combination of
software and hardware.

[0012] By way of illustration, both an application run-
ning 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 understood to refer to a
hardware component, such as a processing unit of acom-
puter system.

[0013] Furthermore, the claimed subject matter may
be implemented as a method, apparatus, or article of
manufacture using standard programming and/or engi-
neering techniques to produce software, firmware, hard-
ware, or any combination thereof to control a computer
to implement the disclosed subject matter. The term "ar-
ticle of manufacture" as used herein is intended to en-
compass a computer program accessible from any com-
puter-readable device, or media.

[0014] Computer-readable storage media can include
but are notlimited to magnetic storage devices (e.g., hard
disk, floppy disk, and magnetic strips, among others),
optical disks (e.g., compact disk (CD), and digital versa-
tile disk (DVD), among others), smart cards, and flash
memory devices (e.g., card, stick, and key drive, among
others). In contrast, computer-readable media generally
(i.e., not storage media) may additionally include com-
munication media such as transmission media for wire-
less signals and the like.

[0015] Of course, those skilled in the art will recognize
many modifications may be made to this configuration
without 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 illus-
tration. Any aspect or design described herein as "exem-
plary" is not necessarily to be construed as preferred or
advantageous over other aspects or designs.

[0016] Even though continuous and ambulatory meas-
urements are useful for diagnosis and monitoring, body
metrics, such as blood pressure readings have not
gained much attention in the mobile consumer space.
This may be due to the intrusiveness of the typical meas-
urement devices. For example, the standard sphyg-
momanometer is composed of an inflatable cuffthatgoes
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around the upper arm to restrict blood flow, and a mercury
or mechanical manometer that measures the pressure.
The sphygmomanometer is not only cumbersome to
wear, but marginally painful when used repeatedly.
[0017] 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 hand-
held device provides incidental, non-invasive, blood
pressure and heart rate measurements with a consumer-
friendly handheld device.

[0018] 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 sys-
tem 100 includes a user 102 operating a handheld device
104. The handheld device 104 determinesthe users PTT
while the user 102 is holding the handheld device 104.

Form Factors for Non-Invasive PTT Measurement

[0019] Determining the PTT involves combining an
electrical 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 deter-
mined by calculating the amount of time that passes be-
tween the blood leaving the heart, and arriving at the
arterial site of the pressure wave.

[0020] Recording the EKG involves using two contact
points 106, each in contact with different parts of the us-
er’s body. In one embodiment of the claimed subject mat-
ter, 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
predetermined. 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 con-
tact point 106 may 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 de-
vice body, and one conductive pad in an earphone con-
nected 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.

[0021] Any of various cameras may be used to capture
the videoimage used to identify the pressure wave. Some
cameras include, but are not limited to, a front-facing
camera on a phone or tablet; a camera remotely con-
nected to a console device or desktop computer; and
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optical sensors, e.g., a photo-sensor or light-emitting di-
ode (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 compo-
nents (not shown) may be used on the handheld device
104 to acquire the electrical and mechanical measure-
ments, and in various combinations.

[0022] The handheld device 104 provides at least a
single channel of the EKG signal, such as could be re-
corded using two electrodes in contact with a user’s left
and right hands. The pressure wave may be identified
by using a contact optical sensor on the hand grasping
the device to capture images of the user’s skin. Alterna-
tively, 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
calculation of the PTT between the heart and a prede-
termined second arterial point.

[0023] 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 determine blood pressure, pulse rate, and
other diagnostic measurements.

[0024] Embodiments ofthe claimed subject matter pro-
vide signal processing techniques for electrical signals
to reduce the noise of EKG measurements taken when
the user 102 may be walking, or otherwise moving. Typ-
ically, an EKG taken at the doctor’s office assumes the
patient is not moving. In embodiments of the claimed
subject matter, motion introduces an artifact into the EKG
signal. However, the device 104 processes the EKG sig-
nal 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. Be-
cause the point of contact is not readily predictable, 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

[0025] Conventional signal processing techniques for
EKG recording are based on stable, low-impedance con-
tact 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 pa-
tient moves. However, when the EKG is being measured
through the handheld device, e.g., a consumer phone,
keyboard, or game controller, movement, and the lack
of predictable contact points introduce 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.

[0026] Two sources of noise in the EKG signal are the
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relative motion of muscles in contact with the contact
points 106, and 60Hz noise induced by hardware on the
handheld device 104 to acquire the EKG signal.

[0027] 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 predeter-
mined waves are separated from other components of
an EKG pulse wave.

[0028] FIG.2 is a graph 200 showing an example raw
EKG signal 202 and processed EKG signal 204 in ac-
cordance with the claimed subject matter. The graph in-
cludes an x-axis 206 representing time, and a y-axis 208
representing single channel voltage of an EKG. The
graph 200 includes examples of R-waves, Example 1
and Example 2. The R-waves represent example heart-
beats of the user 102 determined using the handheld
device 104.

[0029] The R-wave is representative of the aorta-valve
pump action in time. Thus, a clean R-wave signal pro-
vides a consistent reference point for measuring peak-
to-peak distance from data obtained from optical sourc-
es, such as cameras, photodiodes, and the like.

[0030] 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 60Hz
noise and other noise components. In one embodiment,
the filter is a 5-level non-decimated discrete wavelet
transform used with the daubechies wavelet. Advanta-
geously, the daubechies wavelet provides a scaling func-
tion with low-pass filter coefficients that accord to the R-
wave profile, shown here in Examples 1 and 2.

[0031] FIG. 3 is a samples graph 300 showing a sub-
sequent 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. Spe-
cifically, the data is processed using the continuous
wavelet transform via a Gaussian wavelet, the scaling
function of which appears similar to a Gaussian distribu-
tion. From this transform, a range of scales is selected
corresponding to frequencies between 15Hz and 30Hz.
The selection of values in the band-of-interest, e.g., 15Hz
and 30Hz, is performed using prior knowledge about the
R-wave of the human heart.

[0032] The values in the graph 300 illustrate a 2-di-
mensional map representing the energy at that sample
in time for that frequency. The sum of energies is com-
puted 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 determine the start time
for PTT measurements.

[0033] To determine the end time of the PTT, the mo-
ment 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. Addi-
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tionally, pixel profiles are generated for the pixels in each
of these regions. Rhythmic changes in the pixel profile
may indicate the presence of the pressure wave. How-
ever, the image may include noise. As such, the image
is processed before analyzed for the pressure wave.

Signal Processing for Robust Pulse Measurement
from Video

[0034] Previous methods for extracting pulse informa-
tion 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, em-
bodiments of the claimed subject matter localize each
pulse peakin time, by using a more robust video process-
ing pipeline. The techniques described in this section as-
sume that a consumer-grade camera has been pointed
approximately at the face of the user 102.

[0035] FIG. 4 showsimages 400 of aface used toiden-
tify the pressure wave in accordance with embodiments
of the claimed subject matter. The smoothed image is
processed to extract regions of interest (ROIs). The re-
gions of interest are areas of the image where the pres-
sure wave may appear. A matrix of 1-D signals is gen-
erated for each ROl to identify the pressure wave. This
matrix is also referred to herein as the pixel profile.

ROI Extraction and Signal Preparation

[0036] 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 ofimage
402. The cropped image is shown in image 406.

De-noising images

[0037] 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 re-
moved using a smoothing filter, such as a Gaussianfilter.
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 wave-
let transform is used to remove some of the high-frequen-
cy information by setting the corresponding wavelet
bands to zero, and reconstructing the remaining low fre-
quency sub-bands to yield a de-noised image. This ap-
proach is similar to running a 2-D band-pass filter on an
image. Further, using this approach, the wavelets pre-

10

15

20

25

30

35

40

45

50

55

serve the integrity of low-frequency intensity profiles,
such as around the cheek regions and the nose.

[0038] Waveletde-noising also allows the average pix-
el 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 wavelet de-noising to remove the noise
408, and generate clean image 410.

[0039] 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 re-
gion (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 of the face. According-
ly, an inner portion of the cropped facial image 406 is
extracted for analysis. The inner portion, ROI-1, 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.

[0040] The blood vessels underneath the cheek re-
gions of the face are typically reflective in differentlighting
conditions, making the images of the cheeks a target for
the appearance of the pressure wave. The cheeks are
included in ROI-2 and ROI-3.

[0041] ToextractROI-2and ROI-3inone embodiment,
the image 402 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 ROls.

[0042] The ROIs are processed to remove low-inten-
sity pixels using a predetermined threshold. Forexample,
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 signals for each region (one value per
frame), for a total of nine vector signals 414 that are used
for subsequent processing.

[0043] In another embodiment, two or more regions of
the face may be used to find the pulse signal. In such an
embodiment, the vector signals 414 may be produced
for each region.

[0044] FIG. 5is a block diagram of independent com-
ponents analysis in accordance with embodiments of the
claimed subject matter. Independent component analy-
sis (ICA) 502 is used to find the pulse signal within the
9-dimensional input signal, i.e., signals 414.

Component of Interest Selection and IC extraction

[0045] ICA yields 5 components 504 from the 9 input
vectors. In one embodiment of the claimed subject mat-
ter, the component with the minimum Kurtosis is selected
to identify the pressure wave. The component with min-
imum Kurtosis is typically more patterned than the other
components 504.

[0046] FIG. 6 is a process flow diagram of a method
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600 for non-invasive measurement of PTT, in accord-
ance 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.

[0047] At block 604, the EKG may be de-noised. At
block 606, video images of the 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, indi-
cated by the de-noised images.

[0048] FIG. 7 is a block diagram of an exemplary net-
working environment 700 wherein aspects of the claimed
subject matter can be employed. Moreover, the exem-
plary networking environment 700 may be used to im-
plement a system and method that determining pulse
transit time non-invasively using handheld devices.
[0049] 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 de-
vices). As an example, the client(s) 702 may be client
devices, providing access to server 704, over a commu-
nication framework 708, such as the Internet.

[0050] The environment700 also includes one or more
server(s) 704. The server(s) 704 can be hardware and/or
software (e.g., threads, processes, computing devices).
The server(s) 704 may include a server device. The serv-
er(s) 704 may be accessed by the client(s) 702.

[0051] One possible communication between a client
702 and a server 704 can be in the form of a data packet
adaptedto be transmitted between two or more computer
processes. The environment 700 includes a communi-
cation framework 708 that can be employed to facilitate
communications between the client(s) 702 and the serv-
er(s) 704.

[0052] Theclient(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 re-
motely, 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.

[0053] With reference to FIG. 8, an exemplary operat-
ing environment 800 is shown for implementing various
aspects of the claimed subject matter. The exemplary
operating environment 800 includes a computer 802. The
computer 802 includes a processing unit 804, a system
memory 806, and a system bus 808.

[0054] The system bus 808 couples system compo-
nents 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 micro-
processors and other multiprocessor architectures also
can be employed as the processing unit 804.

[0055] The systembus 808 canbe any of several types
of bus structure(s) including the memory bus or memory

10

15

20

25

30

35

40

45

50

55

controller, 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 volatile memory 810 and nonvolatile mem-
ory 812.

[0056] The basic input/output system (BIOS), contain-
ing 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 illus-
tration, and not limitation, nonvolatile memory 812 can
include read only memory (ROM), programmable ROM
(PROM), electrically programmable ROM (EPROM),
electrically erasable programmable ROM (EEPROM), or
flash memory.

[0057] 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).
[0058] The computer 802 also includes other compu-
ter-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.
[0059] In addition, disk storage 814 can include stor-
age media separately or in combination with other stor-
age 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 connection of the disk storage
devices 814 to the system bus 808, a removable or non-
removable interface is typically used such as interface
816.

[0060] Itis to be appreciated that FIG. 8 describes soft-
ware that acts as an intermediary between users and the
basic computer resources described in the suitable op-
erating environment 800. Such software includes an op-
erating system 818. Operating system 818, which can
be stored on disk storage 814, acts to control and allocate
resources of the computer system 802.

[0061] System applications 820 take advantage of the
management of resources by operating system 818
through program modules 822 and program data 824
stored either in system memory 806 or on disk storage
814.ltis to be appreciated that the claimed subject matter
can be implemented with various operating systems or
combinations of operating systems.

[0062] A userenters commands orinformation into the
computer 802 through input device(s) 826. Input devices
826 include, but are not limited to, a pointing device (such
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as a mouse, trackball, stylus, or the like), a keyboard, a
microphone, 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) 828. Interface port(s) 828 include,
for example, a serial port, a parallel port, a game port,
and a universal serial bus (USB).

[0063] 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.

[0064] Output adapter 832 is provided to illustrate that
there are some output devices 830 like monitors, speak-
ers, 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 be-
tween 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 capabilities such as remote
computer(s) 834.

[0065] The computer 802 can be a server hosting var-
ious software applications in a networked environment
using logical connections to one or more remote com-
puters, such as remote computer(s) 834. The remote
computer(s) 834 may be client systems configured with
web browsers, PC applications, mobile phone applica-
tions, and the like.

[0066] The remote computer(s) 834 can be a personal
computer, aserver, arouter, a network PC, a workstation,
a microprocessor 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 de-
scribed relative to the computer 802.

[0067] 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
computer 802 through a network interface 838 and then
connected via a wireless communication connection 840.
[0068] Network interface 838 encompasses wireless
communication 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 lim-
ited to, point-to-point links, circuit switching networks like
Integrated Services Digital Networks (ISDN) and varia-
tions thereon, packet switching networks, and Digital
Subscriber Lines (DSL).

[0069] Communication connection(s) 840 refers to the
hardware/software employed to connect the network in-
terface 838 to the bus 808. While communication con-
nection 840 is shown for illustrative clarity inside compu-
ter 802, it can also be external to the computer 802. The
hardware/software for connection to the network inter-
face 838 may include, for exemplary purposes only, in-
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ternal and external technologies such as, mobile phone
switches, modems including regular telephone grade
modems, cable modems and DSL modems, ISDN adapt-
ers, and Ethernet cards.

[0070] Anexemplary processing unit804 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.

[0071] What has been described above includes ex-
amples of the subject innovation. ltis, of course, not pos-
sible to describe every conceivable combination of com-
ponents 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 per-
mutations of the subjectinnovation are possible. Accord-
ingly, the claimed subject matter is intended to embrace
all such alterations, modifications, and variations that fall
within the scope of the appended claims.

[0072] In particular and in regard to the various func-
tions performed by the above described components, de-
vices, circuits, systems and the like, the terms (including
a reference to a "means") used to describe such compo-
nents are intended to correspond, unless otherwise in-
dicated, to any component which performs the specified
function of the described component (e.g., a functional
equivalent), even though not structurally 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 recognized
that the innovation includes a system as well as a com-
puter-readable storage media having computer-execut-
able instructions for performing the acts and/or events of
the various methods of the claimed subject matter.
[0073] There are multiple ways of implementing the
subject innovation, e.g., an appropriate API, tool kit, driv-
er code, operating system, control, standalone or down-
loadable software object, etc., which enables applica-
tions and services to use the techniques described here-
in. 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, vari-
ous implementations of the subject innovation described
herein may have aspects that are wholly in hardware,
partly in hardware and partly in software, as well as in
software.

[0074] The aforementioned systems have been de-
scribed with respect to interaction between several com-
ponents. 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 ac-
cording to various permutations and combinations of the
foregoing. Sub-components can also be implemented as
components communicatively coupled to other compo-
nents rather than included within parent components (hi-
erarchical).
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[0075] Additionally, it can be noted that one or more
components 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 compo-
nents 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.

[0076] In addition, while a particular feature of the sub-
ject 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 particular application. Furthermore, to
the extent that the terms "includes”, "including", "has",
"contains", variants thereof, and other similar words are
used in either the detailed description or the claims, these
terms are intended to be inclusive in a manner similar to
the term "comprising" as an open transition word without
precluding any additional or other elements.

Claims

1. A method (600) for determining pulse transit time
using a handheld device, the method comprising:

generating an electrocardiogram (EKG) for a us-
er of the handheld device (602), wherein two
portions of the user’s body are in contact with
two contact points of the handheld device;
de-noising the EKG to identify a start time when
a blood pulse leaves a heart of the user (604);
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 (606); and

determining a pulse transit time (PTT) based on
the de-noised EKG and the de-noised video im-
ages (608),

wherein 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 comprises:

identifying two or more facial regions of the
video images (402, 410);

generating a red-green-blue (RGB) signal
for each of the facial regions (406);
performing independent component analy-
sis (ICA) on the RGB signals to generate
components of the ICA (502); and
identifying the pressure wave based on a
component of the ICA having a lowest Kur-
tosis of the components of the ICA.
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2. The method recited in claim 1, 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 the contact
points comprise one or more of:

a contact point on a conductive touch screen
surface of the handheld device;

acontact point on a back of the handheld device;
and

a contact point on an earphone in communica-
tion with the handheld device.

4. 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
(604); and

identifying an end time of the PTT, wherein the
end time is the time when the pressure wave
appears (606).

5. The method recited in claim 1, wherein the two or
more facial regions of the video images comprise:

a facial region of the video images;
a left cheek region of the video images; and
a right cheek region of the video images.

6. One or more computer-readable storage memory for
determining pulse transit time, the computer-reada-
ble storage memory comprising code configured to
direct a processing unit to carry out the method of
any combination of claims 1-5.

7. A system for determining pulse transit time using a
handheld device (100), the system comprising:

a processing unit (804); and

a system memory (806), 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 two portions of
the user’s body are in contact with two contact
points of the handheld device;

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 ap-
pears; and

determine a pulse transit time (PTT) based on
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the de-noised EKG and the de-noised video im-
ages,

wherein the code configured to direct the
processing unit to 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 comprises code to di-
rect the processing unit to:

identify two or more facial regions of the video
images;

generate a red-green-blue (RGB) signal for
each of the facial regions;

perform independent component analysis (ICA)
on the RGB signals to generate components of
the ICA; and

identify the pressure wave based on a compo-
nent of the ICA having a lowest Kurtosis of the
components of the ICA.

The system recited in claim 7, 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 ap-
pears.

The system recited in claim 7, wherein the two or
more facial regions of the video images comprise:

a facial region of the video images;
a left cheek region of the video images; and
a right cheek region of the video images.

The system recited in claim 7, wherein the contact
points comprise one or more of:

wetelectrodes on abody of the handheld device;
a contact point on a conductive touch screen
surface of the handheld device;

acontact pointon a back of the handheld device;
and

a contact point on an earphone in communica-
tion with the handheld device.

Patentanspriiche

1.

Ein Verfahren (600) zum Bestimmen einer Pulslauf-
zeit unter Verwendung einer tragbaren Vorrichtung,
umfassend:

Erzeugen eines Elektrokardiogramms (EKG) fir
einen Benutzer von der tragbaren Vorrichtung
(602), wobei zwei Abschnitte des Kérpers des
Benutzers in Kontakt mit zwei Kontaktpunkten
der tragbaren Vorrichtung sind;
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Entrauschen des EKG zum Identifizieren einer
Startzeit, wenn ein Blutpuls ein Herz des Benut-
zers (604) verlasst;

Empfangen einer Vielzahl von Videobildern von
dem Benutzer;

Entrauschen der Vielzahl von Videobildern von
dem Benutzer zum Identifizieren einer Druck-
welle, einen arteriellen Standort und eine Zeit,
wenn die Druckwelle erscheint (606), anzei-
gend; und

Bestimmen einer Pulslaufzeit (PTT) basierend
auf dem entrauschten EKG und den entrausch-
ten Videobildern (608),

wobei das Entrauschen der Vielzahl von Vide-
obildern von dem Benutzer zum Identifizieren
einer Druckwelle, einen arteriellen Standort und
eine Zeit, wenn die Druckwelle erscheint, anzei-
gend, umfasst:

Identifizieren von zwei oder mehreren Ge-
sichtsbereichen von den Videobildern (402,
410);

Erzeugen eines rot-griin-blau (RGB) Sig-
nals fiir jeden von den Gesichtsbereichen
(406);

Durchfiihren einer unabhangigen Kompo-
nentenanalyse (ICA) bei den RGB-Signa-
len, um Komponenten von der ICA (502) zu
erzeugen; und

Identifizieren der Druckwelle basierend auf
einer Komponente von der ICA mit einer
niedrigsten Kurtosis von den Komponenten
der ICA.

Das in Anspruch 1 angegebene Verfahren, umfas-
send:

Bestimmen einer Blutdruckmessung von dem
Benutzer basierend auf der PTT; und
Prasentieren der Blutmessung unter Verwen-
dung der tragbaren Vorrichtung.

Das in Anspruch 1 angegebene Verfahren, wobei
die Kontaktpunkte einen oder mehrere umfassen
von:

einem Kontaktpunkt auf einer leitenden Touch-
bildschirmoberflaiche von der tragbaren Vorrich-
tung;

einem Kontaktpunkt auf einer Riickseite von der
tragbaren Vorrichtung; und

einem Kontaktpunkt auf einem mitder tragbaren
Vorrichtung in Verbindung stehendem Kopfho-
rer.

4. Das in Anspruch 1 angegebene Verfahren, umfas-

send:
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Identifizieren einer Startzeit von der PTT, wobei
die Startzeit aus dem entrauschten EKG (604)
bestimmt wird; und

Identifizieren einer Endzeit von der PTT, wobei
die Endzeit die Zeit ist, wenn die Druckwelle er-
scheint (606).

Das in Anspruch 1 angegebene Verfahren, wobei
der eine oder die mehreren Gesichtsbereiche von
den Videobildern umfassen:

einen Gesichtsbereich von den Videobildern;
einen linken Uberpriifungsbereich von den Vi-
deobildern; und

einen rechten Uberpriifungsbereich von den Vi-
deobildern.

Einen oder mehrere computerlesbare Speicherme-
dien zum Bestimmen einer Pulslaufzeit, wobei das
computerlesbare Speichermedium Code umfasst,
der dazu konfiguriert ist, eine Verarbeitungseinheit
anzuweisen, um das Verfahren von einer Kombina-
tion der Anspriiche 1 - 5 auszufiihren.

Ein System zum Bestimmen einer Pulslaufzeit unter
Verwendung einer tragbaren Vorrichtung (100), das
System umfassend:

eine Verarbeitungseinheit (804); und

einen Systemspeicher (806), wobei der System-
speicher Code umfasst, der dazu konfiguriertist,
die Verarbeitungseinheit zu steuern, um:

ein Elektrokardiogramm (EKG) flr einen
Benutzer von der tragbaren Vorrichtung zu
erzeugen, wobei zwei Abschnitte des Kor-
pers des Benutzers in Kontakt mit zwei Kon-
taktpunkten der tragbaren Vorrichtung sind;
das EKG zu entrauschen, um eine Startzeit,
wenn ein Blutpuls ein Herz des Benutzers
verlasst, zu identifizieren;

eine Vielzahl von Videobildern von dem Be-
nutzer zu empfangen;

die Vielzahl von Videobildern von dem Be-
nutzer zu entrauschen, um eine Druckwelle
zu identifizieren, einen arteriellen Standort
und eine Zeit, wenn die Druckwelle er-
scheint, anzeigend; und

eine Pulslaufzeit (PTT) basierend auf dem
entrauschten EKG und den entrauschten
Videobildern zu bestimmen,

wobei der Code, der dazu konfiguriert ist, die
Verarbeitungseinheit zu steuern, um die Viel-
zahl von Videobildern von dem Benutzer zu ent-
rauschen, um eine Druckwelle zu identifizieren,
einen arteriellen Standort und eine Zeit, wenn
die Druckwelle erscheint, anzeigend, Code um-
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fasst, um die Verarbeitungseinheit zu steuern,
um:

zwei oder mehr Gesichtsbereiche von den
Videobildern zu identifizieren;

ein rot-griin-blau (RGB) Signalfiirjeden von
den Gesichtsbereichen zu erzeugen;

eine unabhdngige Komponentenanalyse
(ICA) bei den RGB-Signalen durchzuflih-
ren, um Komponenten von der ICA zu er-
zeugen; und

die Druckwelle basierend auf einer Kompo-
nente von der ICA mit einer niedrigsten Kur-
tosis von den Komponenten der ICA zu
identifizieren.

Das in Anspruch 7 angegebene System, umfassend
Code, der dazu konfiguriert ist, die Verarbeitungs-
einheit zu steuern, um:

eine Startzeit von der PTT zu identifizieren, wo-
bei die Startzeit aus dem entrauschten EKG be-
stimmt ist; und

eine Endzeit von der PTT zu identifizieren, wo-
bei die Endzeit die Zeit ist, wenn die Druckwelle
erscheint.

Das in Anspruch 7 angegebene System, wobei die
zwei oder mehr Gesichtsbereiche von den Videobil-
dern umfassen:

einen Gesichtsbereich von den Videobildern;
einen linken Uberpriifungsbereich von den Vi-
deobildern; und

einen rechten Uberpriifungsbereich von den Vi-
deobildern.

10. Das in Anspruch 7 angegebene System, wobei die

Kontaktpunkte einen oder mehrere umfassen von:

nassen Elektroden an einem Ko&rper von der
tragbaren Vorrichtung;

einem Kontaktpunkt auf einer leitenden Touch-
bildschirmoberflache von der tragbaren Vorrich-
tung;

einem Kontaktpunkt auf einer Riickseite von der
tragbaren Vorrichtung; und

einem Kontaktpunkt auf einem mitder tragbaren
Vorrichtung in Verbindung stehendem Kopfho-
rer.

Revendications

1.

Procédé (600) pour déterminer un temps de transit
d’impulsion al'aide d’un dispositif portatif, le procédé
comprenant :
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la génération d’un électrocardiogramme (ECG)
pour un utilisateur du dispositif portatif (602),
dans lequel deux parties du corps de l'utilisateur
sont en contact avec deux points de contact du
dispositif portatif ;

le débruitage de 'ECG afin d’identifier un temps
de départ au moment ou une impulsion sangui-
ne part du coeur de I'utilisateur (604) ;

la réception d’une pluralité d'images vidéo de
I'utilisateur ;

le débruitage de la pluralité d’images vidéo de
I'utilisateur afin d’identifier une onde de pression
indiquant un site artériel et un temps au moment
ou I'onde de pression apparait (606) ; et

la détermination d’un temps de transit d’impul-
sion (PTT) sur la base de 'ECG débruité et des
images vidéo débruitées (608),

dans lequel le débruitage de la pluralité d’ima-
ges vidéo de I'utilisateur afin d’identifier une on-
de de pression indiquant un site artériel et un
temps au moment ou I'onde de pression appa-
rait comprend :

l'identification de deux, ou plus, régions fa-
ciales des images vidéo (402, 410) ;

la génération d’'un signal rouge-vert-bleu
(RGB) pour chacune des régions faciales
(406) ;

la réalisation d’'une analyse en composan-
tes indépendantes (ICA) sur les signaux
RGB afin de générer les composantes de
I'ICA (502) ; et

l'identification de I'onde de pression sur la
base d’'une composante de I'IlCA ayant un
aplatissement plus bas des composantes
de I'ICA.

Procédé selon la revendication 1, comprenant :

la détermination d’'une mesure de pression ar-
térielle de l'utilisateur sur la base du PTT ; et
la présentation de la mesure de sang a l'aide du
dispositif portatif.

Procédé selon la revendication 1, dans lequel les
points de contact comprennent un ou plusieurs
parmi :

un point de contact sur une surface d’écran tac-
tile conductrice du dispositif portatif ;

un point de contact sur une face arriére du dis-
positif portatif ; et

un point de contact sur une oreillette en com-
munication avec le dispositif portatif.

4. Procédé selon la revendication 1, comprenant :

l'identification d’'un temps de départ du PTT,

10

15

20

25

30

35

40

45

50

55

1"

dans lequel le temps de départ est déterminé a
partir de 'ECG débruité (604) ; et
I'identification d’'un temps de fin du PTT, dans
lequel le temps de fin est le temps au moment
ou I'onde de pression apparait (606).

Procédé selon la revendication 1, dans lequel les
deux, ou plus, régions faciales des images vidéo
comprennent :

une région faciale des images vidéo ;
une région de joue gauche des images vidéo ; et
une région de joue droite des images vidéo.

Une ou plusieurs mémoires de stockage lisibles par
ordinateur pour déterminer un temps de transit d’im-
pulsion, la mémoire de stockage lisible par ordina-
teur comprenant un code configuré pour ordonner a
une unité de traitement de réaliser le procédé selon
toute combinaison des revendications 1-5.

Systéme pour déterminer un temps de transit d'im-
pulsion a l'aide d’un dispositif portatif (100), le sys-
téme comprenant :

une unité de traitement (804) ; et

une mémoire de systeme (806), dans lequel la
mémoire de systeme comprend un code confi-
guré pour ordonner a l'unité de traitement de :

générer un électrocardiogramme (ECG)
pour un utilisateur du dispositif portatif,
dans lequel deux parties du corps de l'utili-
sateur sont en contact avec deux points de
contact du dispositif portatif ;

débruiter 'TECG pour identifier un temps de
départ au moment une impulsion sanguine
part du coeur de I'utilisateur ;

recevoir une pluralité d’'images vidéo de
I'utilisateur ;

débruiter la pluralité d’images vidéo de I'uti-
lisateur pour identifier une onde de pression
indiquant un site artériel et un temps au mo-
ment ol I'onde de pression apparait ; et
déterminer un temps de transit d’'impulsion
(PTT) sur la base de 'ECG débruité et
des images vidéo débruitées,

danslequel le code configuré pour ordonner
a l'unité de traitement de débruiter la plura-
lité d'images vidéo de I'utilisateur pour iden-
tifier une onde de pression indiquant un site
artériel et un temps au moment ou I'onde
de pression apparait comprend un code
pour ordonner a l'unité de traitement de :

identifier deux, ou plus, régions faciales
des images vidéo ;

générer un signal rouge-vert-bleu
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(RGB) pour chacune des régions
faciales ;

réaliser une analyse en composantes
indépendantes (ICA) sur les signaux
RGB afin de générer les composantes
de I'ICA ; et

identifier 'onde de pression sur la base
d’'une composante de 'IlCA ayant un
aplatissement plus bas des composan-
tes de I'ICA.

Systeme selon la revendication 7, comprenant un
code configuré pour ordonner a I'unité de traitement
de:

identifier un temps de départ du PTT, dans le-
quel le temps de départ est déterminé a partir
de 'ECG débruité ; et
identifier un temps de fin du PTT, dans lequel le
temps de fin est le temps au moment ou 'onde
de pression apparait.

Systeme selon la revendication 7, dans lequel les
deux, ou plus, régions faciales des images vidéo
comprennent :

une région faciale des images vidéo ;
une région de joue gauche des images vidéo ; et
une région de joue droite des images vidéo.

Systeme selon la revendication 7, dans lequel les
points de contact comprennent un ou plusieurs
parmi :

des électrodes humides sur un corps du dispo-
sitif portatif ;

un point de contact sur une surface d’écran tac-
tile conductrice du dispositif portatif ;

un point de contact sur une face arriére du dis-
positif portatif ; et

un point de contact sur une oreillette en com-
munication avec le dispositif portatif.
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