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Figure 5
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Figure 6
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Figure 10
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911 SERVICES AND VITAL SIGN
MEASUREMENT UTILIZING MOBILE
PHONE SENSORS AND APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Patent Application Ser. No. 61/537,382, entitled 911 SER-
VICES AND VITAL SIGN MEASUREMENT UTILIZING
MOBILE PHONE SENSORS AND APPLICATIONS, filed
on Sep. 21, 2011, the entire content of which is hereby
incorporated by reference.

BACKGROUND

[0002] This disclosure pertains to improved methods for
utilizing 911 services and for implementing 911 dispatch
protocols by accessing mobile phone sensors and applica-
tions. This disclosure also pertains to measurement of vital
signs of a patient using mobile phone sensors and applica-
tions, including estimation of blood pressure without a
traditional stethoscope and cuff.

[0003] The United States 9-1-1 System has its origin in
1958, when the Commission on Law Enforcement and
Administration of Justice suggested replacing the patchwork
of local police and fire numbers with a single national
emergency number. The dispatcher is an important player in
the 911 call center. This is the person who takes information
about the emergency and arranges adequate resources to be
sent to handle the situation. The process of gathering infor-
mation by the dispatchers to access the emergency situation
has been standardized into documents called Dispatch Pro-
tocols. The first use of the standardized protocols was
recorded in Arizona in 1975,

[0004] Table 1 below shows the data for various categories
of calls received in percentage terms. The table shows that
Medical emergencies account for the largest number of calls,
followed by fire and vehicle accidents. The Other category
has the largest number of calls, but includes calls that cannot
be classified into any category. This number also includes
calls that were considered non-emergency

TABLE 1

Category of 911 Calls

Type of Emergency Call Percentage of Total Calls

Medical Emergency 37
Fire 11
Vehicle/Accidents 10
Chemical Hazards 2
Floods/Water Damage 1
Electricity/Wire Down 1
Other 38
[0005] Emergency dispatch protocols were based in

legacy telecom networks where only voice calls were used
and the networks were all based on dedicated landlines over
a call connection. Over the years the technology has devel-
oped to include wireless networks in which the call connec-
tions are no longer dedicated landlines, but based on packet
networks. The bandwidth of the networks has also increased
to a point where multimedia services are available to the
general public.

[0006] Emergency response services are provided in most
of the advanced countries. The role of the emergency
dispatcher has its origins in the United States, but it has
gained acceptance in all parts of the world. In the US, the
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Dispatch Protocols are called the Medical Priority Dispatch
System (“MDPS”). It is a system that has about 37 cards and
each card gives instructions to the dispatcher for a specific
emergency type. A similar Dispatch Protocol is used by the
state of New Jersey and is called the Emergency Medical
Dispatch Guidecards. This protocol also has a set of cards
that the dispatcher uses based on the type of emergency call.
These cards act as a guide to the dispatcher. The success of
the notion of Dispatch Protocols can be gauged from the fact
that today many developed countries have developed their
own protocols. The UK uses AMPDS, while France uses its
own version of Dispatch Protocols, called SAM U.

[0007] The 9-1-1 system in the U.S. has evoked to include,
for example, wireless 9-1-1 services in 1998. In 205, the
FCC mandated that Voice over IP (“VoIP”) providers must
offer 9-1-1 services also. Today, the architecture for Next
Generation 9-1-1 (“NG9117) has been designed by the
National Emergency Number Association (“NENA”).
NENA first identified the need for an overhaul of the 911
system in the year 2000. The first document describing the
future path was produced in 2001 and by the end of 2003 the
standards development activity had started. NENA is devel-
oping several documents relating to the architecture. Some
of the documents are already complete. For example the
overall requirements document is defined in NENA i3
Technical Requirements Document, available publicly.
[0008] Each year, about 200 million emergency calls are
placed in the US, with about one third originating from
mobile phones. With the deployment of NG911, there is the
potential to better utilize the capabilities of these mobile
phones to improve 911 services and dispatch protocols.
[0009] Measurement of vital signs in a human is an
arduous task when sudden dizziness or fainting occur during
unexpected situations. These occurrences are the most com-
mon symptoms of low blood pressure. Blood pressure, the
amount of force applied on the walls of the arteries when the
blood is forced throughout the body, depends on factors such
as the amount of blood in the body, the pumping rate of the
heart, the flexibility of the arterial walls, and the resistance
to blood flow due to the size of the arteries. The blood
pressure of a human varies continuously due to physical
activity, medication, anxiety, and emotions. The body has
unique mechanisms to regulate a person’s blood flow;
whenever a person’s blood pressure drops, the heart rate
increases to pump more blood and the arterial walls contract
to increase the blood pressure. Blood pressure is given by
two numbers measured in millimeters of mercury (mmHg).
The first number is the systolic pressure, which represents
the amount of pressure applied in the arteries when the heart
contracts. The second number is the diastolic pressure,
which represents pressure on the arteries when the heart is
at rest.

[0010] Blood pressure is typically measured in the upper
arm with the person comfortably seated and the arm in level
with the heart. The measurement apparatus is a mercury
sphygmomanometer comprising a manometer, pressure cuff,
bladder and a gauge to show the pressure value inside the
cuff which is wrapped tightly around the upper arm about an
inch from the elbow since the upper arm is closest to the
heart and therefore errors due to upflow/downflow of blood
are eliminated. When this setup is done, the cuff is inflated
to a pressure of about 210 mmHg or usually 20 to 30 mmHg
above the normal systolic pressure. The gradual reduction of
inflation causes a turbulent flow of blood, creating a sound.
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The cuff pressure corresponding to the first sound produced
is taken as the systolic pressure. The cuff pressure is further
reduced and when the sounds due to blood flow cannot be
heard with the stethoscope. That cuff pressure is taken as the
diastolic pressure.

[0011] However, to check a person’s blood pressure dur-
ing unexpected situations, there is a need for a portable,
convenient device or apparatus. Despite the availability of
digital wrist and arm blood-pressure meters, most people do
not carry these devices during their daily commute to work
place, gymnasiums, recreating facilities, or other places.
[0012] However, smartphones today have become increas-
ingly popular with the general public for their diverse
functionalities such as navigation, social networking, and
multimedia facilities. These phones are equipped with high
end processors, high resolution cameras, and built-in sensors
such as accelerometer, orientation sensor and light-sensor. It
is estimated that 25.3% of US adults use smart phones in
their daily lives. Being prevalent in people’s lives, it is
highly desirable to utilize these mobile phones to measure
vital signs of a human.

SUMMARY

[0013] The present disclosure relates generally to
improved 911 services, emergency dispatch protocols, and
vital sign measurement, including cuff-less differential esti-
mation of blood pressure, utilizing mobile phone sensors
and applications.

[0014] Today, most emergency calls are based on the
Public Switched Telephone Network (“PSTN”). However,
there were approximately 80 million Voice over IP (“VoIP™)
subscribers worldwide in 2007, and 50 percent of global
telecommunications traffic is currently handled over IP
networks. Although a small percentage of emergency calls
are currently placed by VoIP subscribers, existing emet-
gency calling systems must support IP-based emergency
calls. To support IP-based emergency communications and
the variety of new services that it allows, a new architecture
is currently being developed and tested: Next Generation
9-1-1 (NG-9-1-1).

[0015] Telecom networks are moving toward Voice over
IP protocols. Over time, an increasing number of calls will
be made over these networks as opposed to the legacy
networks. While these advances allow access to multimedia
communications in everyday life, it also raises several issues
that need to be resolved. Specifically for 911 calls, there are
network related issues, such as identification of caller loca-
tion (Song, W. et al. 2008). The challenges for these issues
include:

[0016] Remote Media Control: Automatic remote control
of cameras in the mobiles to change focus, lighting, contrast,
Codecs, bandwidth, and such, to help prepare the call taker
to better respond to the emergency.

[0017] Emergency Dispatch Protocols: Modification of
Emergency Dispatch Protocols to take advantage of this new
technology so as to reduce the number of questions asked
over the phone and similarly reduce the number of instruc-
tions given.

[0018] High: Quality of Service and traffic management
need to be designed so that the 9-1-1 calls are not disrupted.
This has always been true, but with multi-media services this
issue also needs to be addressed.

[0019] Human Machine Interface (HMI): HMI is another
very important research issue. The video screens at the call
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center will need a new design. There may be need for
multiple screens or multiple windows on one screen. This
includes requests, responses, and usability of screens on the
operator side and also design of controls on the caller side.

[0020] Connection Management: Connection manage-
ment becomes an important issue to be addressed as several
responders may be sharing video and audio streams.

[0021] Security: Security of the NG9-1-1-network not
only needs to be maintained but also enhanced.

[0022] Privacy: Study image distortion and masking of
parts of video or images to protect privacy of callers.

[0023] Social Networks as First Responders: Many times
people call friends and family members first when faced
with a problem. The use of social networks has made this an
important addition to emergency response system. This
process can make friends and family first responders in an
emergency situation.

[0024] Medical Records: Provide the ability to select
which responder or responders can have access to medical or
personal information of the caller(s).

[0025] The next generation of communication system will
have the capability of multimedia transmission and several
streams being broadcasted simultaneously. FIG. 1 shows an
example of such a multimedia based call scenario. As shown
in FIG. 1 the smart phone running VOW software called
Sipdroid has several sensors and applications allowing
video, pictures and voice transmission.

[0026] The call center may have four categories of calls
for a given incident. First are individual callers. These
scenarios are based on individuals calling 9-1-1 help. These
individuals could range from children to elderly, English and
non-English speaking, handicapped, disoriented or barely
alive. Individual callers can use the traditional landline
phone, cell phone or the TP phone to make a 911 call. In the
case of medical emergency, new technologies can provide
additional useful information to the Public Safety answering
Point (“PSAP”) operator to better handle the emergency. For
example a caller can use the video camera on his cell phone
to show the nature of emergency. Instead of a verbal
description, the PSAP operator can visually see the problem.
A caller who is handicapped and cannot speak can use text
messaging or also the cell phone camera (image or video) to
show the problem. This can better assist in a two way
communication as the PSAP can visually see if the caller is
following the instructions given by the operator.

[0027] Second are Third Party Services. These scenarios
are based on calls made by Services like OnStar that
monitors vehicle crashes, alarm companies that monitor
break-ins, fires or other emergencies, home monitoring
services of medical devices for people, and services that
monitor infrastructures like highways, bridges and water
ways. These services are dependent on sensors alerting them
about the problem. Many times the alert by the sensors is
followed by a call to some person to confirm the emergency,
for example a call to the home owner in case of a break-in
alert. These services in turn then call the appropriate 911
service to handle the emergency. While the advantage of
these services is that it cuts down on the number of false
alarms, the disadvantage is that it also causes a delay in
handling the emergency. In this case also new technology
can help. Direct feed of a video camera to the PSAP would
help. The third party operators should be able to route a
video feed to 911 PSAP.
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[0028] Third are calls from Emergency Response Units in
the field. These scenarios are based on situations where the
units that respond to emergency require additional support.
Some of the examples of these situations are when medical
personnel responding to an emergency situation need sup-
port of law enforcement personnel if the situation turns
dangerous, or fire station responders might discover some
illegal activities or police officers responding to a vehicle
crash might call medical services for help. When follow up
units are responding to a crisis, video technology can be
used to relay images of the scene to all units. The PSAP
operator can better coordinate the response of individual
units if there is a video display at PSAP as well as a display
with each unit.

[0029] Finally, the fourth category is automatic calls based
on sensors. These are scenarios where a fusion of data from
different sensors results in an automatic 9-1-1 call. One
possible scenario could be sensors detect chemical spills and
automatically notify emergency services. Another example
could be vehicle sensors transmitting information about the
state of the vehicle (rollover or not).

[0030] The network architecture will have to consider not
only the new VoIP scenarios, but also needs to be backward
compatible. The legacy networks and the wireless networks
will also be operational in several jurisdictions simultane-
ously. So a 911 call may go over one or more of these
networks before reaching its destination PSAP.

[0031] The increase in bandwidth of telecommunications
networks allows the possibility of several streams of data
simultaneously transmitting information in real time. On the
other hand the sensor technology has matured to a point
where they are embedded in cell phones and other devices.
The mass production of smart phones with built-in sensors
such as an accelerometer, a camera with flash and a micro-
phone sensor makes them valuable to the biomedical
domain. It is possible for these sensors to automatically
transmit information that they detect about a specific medi-
cal condition. These sensors may be used in dedicated
medical devices that people can wear on their person to help
them diagnose a specific medical condition. For example
there are devices that help people track their daily blood
pressure. Or the sensors may be embedded in more general
personal devices like the cell phones. In emergencies, the
callers may be physically or cognitively impaired and these
dedicated devices may not be readily available. In such
situations the sensors in the cell phones, which are readily
available, may be used to detect and automatically transmit
useful information. This section describes some of the
applications that help in measuring certain vital signs of the
human body. These measurements may not be very accurate
and are not meant to replace the actual medical devices. The
focus is on the fact that while actual medical help arrives for
help, these devices can help the Para-medical people prepare
for the medical emergency.

[0032] A continuous feed of patient’s vital signs to the first
responders and the hospital is important. It is also important
for the hospital receiving the patient to know the approxi-
mate time of arrival of the patient. Wireless sensors and
modern networks can help in communicating this informa-
tion (UK Department of Health 2005). One of the advan-
tages of video streaming is live information sharing amongst
several people. For example the video stream from the scene
may be seen by the dispatcher and simultaneously seen by
the first responders. A study performed concluded that the
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live video feed to responders and at the command center was
very useful (SAMU France online study). There have also
been other proposed designs of multimedia based emer-
gency services (Nena.org NG911 project online).

[0033] The current emergency Dispatch Protocols have
been designed with the assumption that 911 calls are voice
calls. The dispatchers have a limitation of not having direct
access to the affected persons. They have to rely a lot on the
communication and interrogation skills to elicit optimum
information from the caller. The Dispatch Protocols are a
document that consists of written, step by step, instructions
for the dispatcher on how to gather information about the
emergency and then follow it up with instructions on what
to do for each situation. This may include giving comfort to
the caller, if he or she is the affected person. It may also
include giving some first aid advice and instructions to the
caller, before the emergency help arrives. These protocols
are almost like an algorithm for each situation. They con-
tinue to be improved and developed by the National Acad-
emy of Emergency Medical Dispatchers. However, the time
to gather information is limited, and even with these proto-
cols, there may be situations where it takes some time to
reach a decision. An optimum time to make a decision is
considered to be 60 seconds, also called the “Sixty second
dilemma.” This time was set arbitrarily, although a more
reasonable time is expected to be about 75-90 seconds. It is
expected that with multi-media calls, the time limit of 60
seconds may become realistic and may even be less than
that.

[0034] The next generation Dispatch Protocols would use
several technologies to help reduce the time it takes to help
and also improve the quality of the help provided. This is
achieved by better diagnosis of the problem that in turn can
prepare the medical personnel to serve the patient better as
he is on the way to the hospital. This reduction in time will
be possible by designing the protocols so that the operator
asks fewer questions. The number of instructions given to
the caller is also reduced.

[0035] The following is an example of questions asked by
the dispatcher for a 911 call. The corresponding change in
the protocol is also given at the same time. The caller
complains of chest pain and possible heart problems for a
patient. The first question that the dispatcher asks is “Is the
patient alert?” A modified protocol would not need to ask
this question. The smart phone will have sensors to relay this
information directly to the dispatcher. Given a video call, the
dispatcher could also observe the patient for himself. The
most instructions a caller would receive would be to move
the cell phone camera to view the patient. The follow up
question under old protocol is to find out if the patient is
breathing normally. This question becomes redundant given
the new technology. There are several sources from which
the dispatcher can make this conclusion about breathing
without having to ask the caller. The cell phone accelerom-
eter can determine the breathing pattern. An audio transmis-
sion of breathing sounds can be used to conclude the quality
of breathing. For example, a noisy breathing pattern may be
due to asthmatic problems.

[0036] According to the above example, the dispatcher
will have input from several sources for a given call. The
display screens for the dispatcher may need to be modified.
A proposed screen layout would allow the screen to receive
multiple video streams. These streams could be coming from
the caller, the dispatch team, and potentially other sources.
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Similarly the image windows on the screen can display
simultaneously a patient’s medical history as sent from some
remote location. In addition there is facility to receive text
and email messages. A part of the screen could also display
a map of the location from where the 911 call is made.
[0037] Various methods of measuring and transmitting
vital signs of a human using mobile phones are described. A
mobile phone based blood pressure estimation technique is
described herein that replaces the traditional cuff and stetho-
scope traditionally used for blood pressure measurement
with a combination of the mobile phone’s built-in micro-
phone and camera.

[0038] In particular, a differential technique of estimating
blood pressure with the heart beat and pulse data obtained
from two mobile phones is described. The procedure con-
sists of first synchronizing the time on both the phones using
a program such as Bluetooth. Then the heart beats and pulse
signals are obtained using the phones. The systolic and
diastolic pressure is determined by computing the pulse
pressure and the stroke volume from the data recorded. By
comparing the estimated blood pressure values with those
measured using a commercial blood pressure meter, encour-
aging results of 95-100% accuracy were obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1 shows a schematic diagram of a multimedia
based call scenario utilizing Next Generation 9-1-1.

[0040] FIG. 2 shows plots of heart rate measurements
taken from video analysis, both before and after filtering.
[0041] FIG. 3 shows a plot of respiration rate taken from
accelerometer sensor data, indicating normal breathing.
[0042] FIG. 4 shows a plot of respiration rate taken from
accelerometer sensor data, indicating irregular breathing.
[0043] FIG. 5 shows a plot of CPR compression rate taken
from accelerometer sensor data.

[0044] FIG. 6 shows a plot of displacement rate during
CPR compressions taken from accelerometer sensor data.
[0045] FIG. 7 shows a general scheme for blood pressure
estimation according to the present disclosure;

[0046] FIG. 8 shows a general scheme for synchronization
of two mobile phones;

[0047] FIG. 9 shows functional components for each
mobile phone during synchronization;

[0048] FIG. 10 shows a flow of events during synchroni-
zation of two mobile phones;

[0049] FIG. 11 shows functional components in a client
clock in a mobile phone during clock synchronization;
[0050] FIG. 12 shows a general scheme for deriving pulse
signal from the finger tip and calculating heart rate;

[0051] FIG. 13 shows (a) a total window of data collected
on pulse rate and (b) the data split into smaller time frames;
[0052] FIG. 14 shows a general scheme for sequential
execution of events during blood pressure estimation;
[0053] FIG. 15 shows an analysis of identified peaks in
captured data pertaining to blood pressure;

[0054] FIG. 16 shows heart beat data recorded with a
microphone of a mobile phone;

[0055] FIG. 17 shows (a) data collected for blood pressure
estimation having sharp peaks, and (b) data collected for
blood pressure estimation showing a pattern of flat peaks;
[0056] FIG. 18 shows a plot of systolic pressure values
measured for a duration of 60 seconds in a single data set;
[0057] FIG. 19 shows a plot of systolic pressure versus
VTT compared to data for various individuals;
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[0058] FIG. 20 shows the generalized structure of a data
packet; and
[0059] FIG. 21 shows microphone frequency response for

three different mobile phones.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0060] Generally, the present disclosure relates to
improved 911 services and emergency dispatch protocols
utilizing sensors and applications available on mobile
phones. This disclosure also relates to measurement of vital
signs of a human using mobile phones, including a method
for estimating blood pressure utilizing a mobile phone
equipped with sensors and applications.

[0061] With the advent of new telecommunications tech-
nologies such as wireless and the Internet, it has been made
possible to use multimedia services for 911 rather than
strictly voice services for 911 calls. The new services can
use images, video and text transmissions in addition to the
traditional veice transmission. The architecture for these
enhanced services, called Next Generation 911 services
(NG911), has been under development since 2005. The
central point of interaction for 911 calls is the dispatcher at
a 9-1-1 center who receives the emergency calls. The
dispatcher has to respond to the emergency in an appropriate
manner within a very short time. This involves asking
specific questions from the caller to infer the type of
emergency and then to decide on a course of action. Proto-
cols provide a method to standardize this process across all
911 emergency centers. The operators handling the 911 calls
use standard protocals, called Dispatch Protocols, to answer
the calls for help. These protocols guide the operator about
what questions to ask and what actions to take during a given
emergency. The existing Dispatch Protocols assume a voice-
only call for 9-1-1.

[0062] With the deployment of NG911, the Dispatch Pro-
tocols can be modified to make use of the multimedia calls
to make the process of answering 911 calls more efficient.
The new technology turns mobile phones into personal
devices with several embedded sensors. In the present
disclosure, the sensors in a mobile phone are used for
collecting vital signs and transmitting them to the 911
dispatcher. For example, an accelerometer, embedded in a
cell phone, can be used to measure the breathing rate of a
person with about 90% accuracy, or it can be used to guide
aperson to give proper CPR in case of emergency. Similarly,
the cell phone sensors can be used to get the readings of
heart rate with an accuracy of about 90%. This can further
enhance the effectiveness of the Dispatch Protocols by
reducing the time to respond to an emergency.

[0063] The effectiveness of the improved dispatch proto-
cols will be dependent upon several different factors. One of
the most important measures of the success would be the
reduction in time it takes for an operator to decide the level
of seriousness of the incident and dispatch help. Another
factor is the number of transactions involved. Many ques-
tions that an operator has to ask the caller during a voice call
may become redundant in a multimedia call using video. So
the number of questions eliminated is another measure of
effectiveness. Another factor is bandwidth. Many of the vital
signs may be measured by the cell phone sensors and can
also be automatically transmitted. The amount of such data
that can be automatically sent to the operator would be
another measure. The quality of decision making and quality
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of service at the dispatch center are factors that should also
improve. This can be measured by several factors like a
reduction in the number of un-needed dispatches, and an
increase in the number of lives saved.

[0064] The cost factor is also important from the call
center point of view. Currently the call centers are equipped
for voice only calls. A setup that allows multi-media calls
would require substantial additional investment for call
centers. This would include equipment costs as well as
training costs.

[0065] A 911 call may be made by the affected people
themselves. Such people may be facing cognitive impair-
ment or even physical impairment. The operator answering
the call goes through several steps during the call. During a
voice call, the operator is dependent on the caller to give an
accurate description of the problem and answer all the
questions correctly. The operator may then have several
instructions for the caller to help him while the dispatch
personnel arrive at the scene. The operator is again depen-
dent on the caller to follow the instructions. The operator
does not have an easy way to judge if the instructions are
being followed accurately or if they are helping. But in the
case of a video call, the operator can follow the caller much
more easily, can see the scene of the incident, and can also
see if the instructions are being followed.

[0066] In situations where the caller is a close relative or
friend of the affected person, the caller may have cognitive
impairment. In these situations using a multimedia call,
including the video would help the operator make better
decisions. The operator can actually see the scene as he
guides the caller while the dispatch team is on its way.
[0067] Power management may become an important
issue during a multimedia phone call. If the video camera is
on during a 911 call, the power consumption increases
substantially. A camera can use 25% of the CPU’s capabili-
ties when the camera is being operated. It is important that
the phone does not run out of battery, resulting in loss of
connection. This implies a prudent use of the video camera
or other features of the camera that consume power. Basi-
cally, the only way to ensure this is to use the video features
for short duration as and when needed. The operator has an
important role to play in this. It is the operator who can guide
the caller about when to turn on the camera and when to turn
it off. If the camera can be remote controlled for these
features then it makes it easier for the operator to turn it on
or off based on the need.

[0068] Some of the vital signs that can be recorded or
otherwise monitored and relayed to the dispatcher include
heart rate, respiration rate, respiration difficulty, the effec-
tiveness of CPR being administered, and other general
activities that can be detected using video. The dispatcher
can also have the ability to remotely control the mobile
phone being used in order to better isolate those features
being examined.

Example 1

Heart Rate

[0069] Heart rate (“HR™) is a vital sign of human health.
To measure HR requires a trained person or device placed at
specific place on the body. Using a cell phone to measure HR
may seem difficult, but there are applications that have been
developed that help in reasonably accurate measurement.
One of these applications is based on the concept of Photo
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Plethysmography (“PPG™). It uses the camera and the LED
flash available on most cell phones. The principle is that
every heart beat results in pumping the blood through the
blood vessels, including the capillaries at the finger tips. This
results in variation in light intensity that passes through the
finger tips. When a finger is placed on the camera lens of a
cell phone and the LED flash its utilized, a video is captured
of the light passing through the finger tip. An analysis of the
changes in the pattern of this light intensity is made, giving
the heart rate with an accuracy of at least 95% (NENA i3
Technical Requirements Document).

[0070] FIG. 2 shows the plot of results from video analysis
for heart rate measurement, both the raw data and the filtered
data. The heart rate is measured by calculating the number
of peaks within a certain window frame and then using the
equation:

HR=n*60/W,

Where n is the number of peaks in the video frame and W,
is the length of the frame in seconds.

[0071] The results were calibrated using a commercial
heart rate monitor. In order to take readings at various heart
rates, the subject had to go through different intensities of
exercise. For the purpose of analysis the video frame was
divided into smaller windows of 5 seconds. Table 2 below
shows these readings using this method as well as the
readings obtained from commercial monitor. The actual HR
column shows the Heart Rate measured with a commercial
HE monitor. The next 2 columns show the HR values and its
accuracy when the 5 second window is used. Finally, the
table shows the HR values and accuracy when a 10 second
window is used.

TABLE 2

Comparison of Heart Rate Measurements

5 second Window 10 second Window

Actual HR value Accuracy Value Accuracy
102 108 94.11 102 100
108 96 88.89 102 94.44
114 108 94.74 114 100
132 132 100 132 100
154 144 9351 150 97.4
Example 2

Respiration Rate and Difficulty

[0072] Respiration is another important vital sign. The
accelerometer sensor in a mobile phone can be used to
measure the respiration rate of a person. The cell phone is
placed on the upper abdomen of a person to get the best
measurements for the respiration rate. It should be placed in
a horizontal position, with its top and bottom parallel to an
imaginary line running between the person’s head and feet.
The accelerometer on the cell phone records the measure-
ment of acceleration approximately every 20 milliseconds.
FIG. 3 shows a plot of the respiration as measured by the
accelerometer of a cell phone. The Respiration rate can be
measured with an accuracy of about 98%.

[0073] Another important measure of breathing is the ease
or difficulty of breathing. The accelerometer graph can also
indicate if the breathing is uneven. The microphone (as well
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as accelerometer) can capture the breathing sounds coming
from the lungs if the cell phone is placed near the upper
chest. This can indicate if the breathing is hard or there are
any wheezing or guttural sounds coming from lungs during
breathing. F1G. 4 shows a pattern of irregular breathing. The
pattern shows the person breathing slow for certain period of
time (about 15 times per minute) and then followed by fast
breathing for a period of time (about 45 times per minute).

Example 3

CPR Assistance

[0074] In case of medical emergencies where the patient
has stopped breathing or has a heart problem, a timely and
correct administration of CPR, with appropriate frequency
of chest compressions, can mean the difference between life
and death. CPR needs to be given as soon as possible. Most
times the people near the patient may not know how to give
CPR. In such cases the 911 operator gives verbal instructions
over the phone to help someone give CPR to the patient.
While there are medical devices that can help administer
proper CPR, these devices may not be available or acces-
sible in emergency situations at homes or public places.
Here again a cell phone with an accelerometer can help in
such situations. An application can be utilized that measures
the frequency of chest compressions and the depth of chest
compression. The application can prompt in case the person
giving the CPR needs to change the frequency or depth of
compression. The phone can be placed directly on the chest
or can be wrapped around the hand by a cloth and then
placed on the chest. FIG. 5 shows a sample of accelerometer
data plot while doing a CPR.

[0075] FIG. 6 shows a plot of displacement during admin-
istration of CPR, as measured by a smart phone accelerom-
eter sensor. The plot shows a regular pattern of chest
compression during CPR. The calculation of displacement is
done by a two step procedure. The raw data from the
accelerometer gives the acceleration reading approximately
every 20 milliseconds. The first step is to find the velocity by
using the equation:

Vi=VotVy,

where V|, is the starting velocity and V, is the change in
velocity over a period of time and V, is the velocity after
time t. The second step is to calculate the displacement from
velocity using the equation:

Displacement=(Vy+V,)/2%z,

where t is the time period.

[0076] The readings for these experiments were taken in a
CPR class. Several readings were taken as the instructor
performed the CPR on a Mannequin. Readings were also
taken as the students performed the CPR on a Mannequin.
The number of students in a class varied from 5 to 7. The
experiment was done at 3 different classes. The accuracy of
the plots is indicated by the fact that the instructor must
perform the CPR to a depth of about 2 inches.

Example 4

Remote Control of Sensors

[0077] On many occasions, callers are not able to operate
the sensors and feed the dispatcher information about the
emergency situation. In time of panic, it is also difficult for
the caller to make the right observations and answer the
dispatcher correctly. Because of the introduction of multi-
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media technology in NG911, the dispatcher should be able
to extract the information about the scene by making obser-
vations and measurements remotely and should be able to
instruct the caller accordingly. Table 3 below shows several
ranges for different cell phone camera features. The dis-
patcher can remotely take control of the camera features in
order to get better view of the emergency scene. This is
useful when a caller is physically disabled or is cognitively
impaired to the point he or she cannot effectively follow the
instructions.

TABLE 3

Camera Features

Feature Range
Zoom 1-40
Brightness 0-10
Contrast 0-10
Sharpness 0-30
Saturation 0-10
Rotation 0-360

[0078] Cell phone cameras are available with several
sensors embedded in them. Many of these sensors also have
controls to change their settings. For example, video cam-
eras in a cell phone will have a setting for zooming or
panning or changing the resolution of the pictures taken.
These settings can be changed by using control buttons on
the cell phone. Normally, the 911 operator will have to
instruct the caller to change these settings, if needed. But
new technology provides the ability for applications to allow
the 911 operator to take control of these settings. In these
cases, the operator may choose to zoom in or pan out when
he feels the need for it. Similarly, the audio controls of
volume may be controlled remotely if the operator is trying
to listen to a breathing sound.

Example 5

Detection of Activity

[0079] Many times, the callers/informants are not sure
about the patient’s state, possibly due to panic or poor
cognition. It has been observed that every human activity
has a direct impact on the change in bit rate associated with
the frame in a video stream. The bit rates associates with
various activities are shown below in Table 4. For example,
in the absence of a user in the view port indicating a
completely static scene, the bit rate maintains a very low
value of 4 Kbps for every resolution. However, there is a
change in bit rate when the scene includes a person even if
the subject is completely at a standstill. The increase in the
bit rate for different activities for the same resolution is due
to the movement of exposed body parts involved in the
activity. Hence, it can be concluded that bit rate increases
even with a small amount of motion exerted by the human
body without the user’s knowledge. These changes are
evident when a person is breathing normally and breathing
heavily. It should be possible to detect even small changes
in the scene, such as heavy breathing, screaming, and other
body movements (using audio or video). One can extract this
information in real-time without any complex image/video
processing. This can help the operator make an informed
decision about the state of the injured person. The dispatch-
ers can look at the state of the person even when no one is
around.
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TABLE 4

Activity Detection

Activity KB/s
No User 4.19
Eye Blink 2457
Smile/Scream 20.70
No Breathing 19.06
Normal Breathing 35.11
Heavy Breathing 62.39
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Example 6

Modifled Emergency Dispatch Protocol Questions

[0080] Table 5 below shows the typical list of emergency
dispatch protocol questions asked by the dispatcher to a
caller during an emergency call, depending on the nature of
the reported injury. The columns to the right of the question
indicate the cell phone sensor data that could be used to help
answer these questions, the instructions or requests that the
dispatcher could give the caller, and the quantitative data

that is measured.

TABLE 5
Current Protocol Modified
Name/Question  Cell phone sensor question/action
in Protocol used/results requested Quantitative data
Bleeding/
Laceration

is the patient alert

Is the patient
breathing
normally?

Where is the
bleeding from?

Is blood squirting
out?

Bleeding - from
where, How
much, How long,
Can it be
controlled with
pressure

Can the patient
answer your
questions?

Eye Problems/
Injuries

Is the patient
alert?

Is the patient
breathing
normally?

Video images of
moving eyes, or
arms’hands, or legs.
Image analysis is
done.

1. Accelerometer data
showing respiration
rate.

2. Microphone audio
to hear breathing
sounds for wheezing
etc.

Video images of
moving eyes, or
arms’hands, or legs.
Changes in pixels can
lead to conclusions
about limb movements

Video image of
bleeding
Video image of
bleeding

Use of video and
audio enhances the
interaction

Video images of
moving eyes, or
arms’hands, or legs.
Image analysis is
done.

1. Aceelerometer data
showing respiration
rate.

2. Microphone audio
to hear breathing
sounds for wheezing
etc.

Move the camera over
the patient. Zeom or
change resolution (if
needed).

Turn on the
accelerometer. Place
the phone on the
patient’s upper
abdomen.

Move camera to
injury. Zoom in the

1. Change in pixels
values

2. Zoom in,
local/remote (N
times)

3. Resolution
change, local/remote
1. Accelerometer
data for rate of
respiration

2. Velume control,
local/remote

1. Change in Pixels
values

camera to the injury (if 2. Zoom in,

not possible from
remote).

redundant

Zoom in the camera
on the bleeding.

Take the phone near
the patient. Increase
the volume of the
microphone (if
needed)

Scan the camera over
the patient. Zeom in or
change resolution (if
needed).

Turn on the
accelerometer
remotely. Place the
phone on the patient’s
upper abdomen.

local/remote (N
times).

3. Resolution
change, local/remote

1. Change in Pixels
values

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote
1. Volume Control,
local/remote.

1. Change in pixels
values.

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote
1. Accelerometer
data for rate or
respiration

2. Velume control,
local/remote
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Current Protocol
Name/Question
in Protocol

Cell phone sensor
used/results

Modified
question/action
requested

Quantitative data

What caused the
injury?
Chemicals
Foreign object
Impaled object
Direct blow
Flying object
Welding/near
welder

Is eyeball cut
open or leaking
fluid?

Are there any
other injuries?

Fall Victim

Is the patient
alert?

Is the patient
breathing
normally?

What kind of
surface did the
patient land on?

Are there any
obvious injuries?
What are they?

Is the patient able
to move their
fingers and toes?

Bleeding - from
where, How
much, How long,
Can it be
controlled with
pressure?

Heat/Cold
Exposure

Is the patient
alert?

Video images of the
injury and the overall
scene would provide a
better diagnosis of the
situation.

Video image of the
eyes. The zoom
answers this question.

Video image of other
injury, if any

Video images of
moving eyes, or
arms/hands, or legs.
Image analysis is
done.

1. Aceelerometer data
showing respiration
rate.

2. Microphone audio
used to hear breathing
sounds for wheezing
etc.

Video image of the
surface.

Video image of the
injuries

Video images of
moving eyes, or
arms/hands, or legs.

Video images of
moving eyes, or
arms/hands, or legs.

Video images of
moving eyes, or
arms/hands, or legs.
Image analysis is
done.

Focus the camera over
the patient’s eyes.
Zoom camera over the
affected eye (if
needed).

Change the resolution
(if needed).

Zoom camera over the
affected eye (if
needed).

Change the resolution
(if needed).

Move the camera to
any other injury

Move the camera over
the patient. Zoom or
change resolution (if
needed).

Turn on the
accelerometer. Place
the phone on the
patient’s upper
abdomen.

Move the camera over
the surface where
patient fell.

Move the camera over
the injury.

Move the camera over
the hands and toes of
the patient.

Ask him to move
them.

Zoom in the camera
on the bleeding.

Move the camera over
the patient.

Zoom or change
resolution (if needed).

1. Zoom in,
local/remote (N
times).

2. Change
resolution,
local/remote.

1. Zoom in the
camera, local/remote
(N times).

2. Change
resolution,
local/remote.

1. Zoom in the
camera, local/remote
(N times).

2. Change
resolution,
local/remote.

L. Change in pixels
values.

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote
1. Accelerometer
for rate or
respiration

2. Volume control,
local/remote

1. Zoom in the
camera, local/remote
(N times).

2. Change
resolution,
local/remote.

1. Zoom in the
camera, local/remote
(N times)

2. Change
resolution,
local/remote

L. Change in pixels
values.

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote
1. Change in Pixels
values

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote.

L. Change in pixels
values.

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote
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Current Protocol Modified

Name/Question  Cell phone sensor question/action

in Protocol used/results requested Quantitative data
Is the patient 1. Accelerometer data Turn on the 1. Accelerometer

breathing
normally?

Can the patient
answer your
questions?

If the patient is
complaining of
pain, where?

Does the patient
respond to you
and follow simple
commands?

Is the patient
sweating
profusely?

Is the patient
dizzy, weak or
feeling faint?

Industrial
Accidents

Is the patient
alert?

Is the patient
breathing
normally?

Is the patient able
to move their
fingers and toes?

Bleeding - from
where, How
much, How long,
Can it be
controlled with
pressure?

Stabbing/

showing respiration
rate.

2. Microphone audio
to hear breathing
sounds for wheezing
ete.

Use of video and
audio enhances the
interaction

Video images of pain
area may help better
diagnosis

Video/audio
interaction. Operator
interacts with the
patient.

Video image of the
patient and image
analysis helps.

Video images and data
from pressure sensor
on screen.

Video images of
moving eyes, or
arms/hands, or legs.
Image analysis is
done.

1. Accelerometer data
showing respiration
rate.

2. Microphone audio
to hear breathing
sounds for wheezing
ete.

Video images of
moving eyes, or
arms/hands, or legs.

Video images of
moving eyes, or
arms/hands, or legs.

gunshot assault

Is the patient
alert?

Video images of
moving eyes, or
arms/hands, or legs.
Image analysis is
done.

accelerometer. Place
the phone on the
patient’s upper
abdomen.

Take the phone near
the patient.

Increase volume of the
microphone if needed.
Move the camera over
the area of pain.
Zoom over the pain
area, if needed.

Take the phone to the
patient.

Change Microphone
Volume, If needed.
Move the camera over
the patient’s face.
Zoom in, if needed
Change resolution, if
needed.

Operator asks the
patient to press on the
camera touch screen to
measure pressure.

Move the camera over
the patient.

Zoom or change
resolution (if needed).

Turn on the
accelerometer.

Place the phone on the
patient’s upper
abdomen.

Move the camera over
the hands and toes of
the patient.

Ask him to move
them.

Zoom in the camera
on the bleeding.

Move the camera over
the patient. Zoom or
change resolution (if
needed).

data for rate or
respiration

2. Volume control,
local/remote

1. Control Volume
of the microphone
from local/remote.

L. Change in pixels
values.

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote
1. Control Volume
of the microphone
local/remote.

L. Change in pixels
values.

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote
1. Pressure change
from touch screen.

L. Change in pixels
values.

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote
1. Accelerometer
data for rate or
respiration

2. Volume control,
local/remote

L. Change in pixels
values.

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote
1. Change in Pixels
values.

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote.

L. Change in pixels
values.

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote
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Current Protocol Modified

Name/Question  Cell phone sensor question/action

in Protocol used/results requested Quantitative data
Is the patient 1. Accelerometer data Turn on the 1. Accelerometer

breathing
normally?

Is there more than
one person
injured?

Is there more than
one wound? What
part(s) of the
body is/are
injured?

Bleeding - from
where, How
much, How long,
Can it be
controlled with
pressure?

Vehicular related
injuries

Is the patient
alert?

Is the patient
breathing
normally?

Are there any
hazards present?
(Is the scene
safe), Fire. Water,
HazMat, Wires
down

How many
patients are
injured? Are all
of the patients
free of the
vehicle?

What types of
vehicle(s) are
involved?

Is anyone trapped
in the vehicle?

showing respiration
rate.

2. Microphone audio
to hear breathing
sounds for wheezing
ete.

Video images of the
scene

Video images of the
injuries

Video images of
moving eyes, or
arms/hands, or legs.

Video images of
moving eyes, or
arms/hands, or legs.
Image analysis is
done.

1. Accelerometer data
showing respiration
rate.

2. Microphone audio
to hear breathing
sounds for wheezing
ete.

Video image of the
scene

Video image of the
scene.

Video image of the
scene, focus on the
vehicle
Video image of the
scene, focus on the
injured

Traumatic Injury

Is patient alert?

Is patient
breathing
normally?

Video images of
moving eyes, or
arms/hands, or legs.
Image analysis is
done.

1. Accelerometer data
showing respiration
rate.

2. Microphone audio
to hear breathing
sounds for wheezing
ete.

accelerometer. Place
the phone on the
patient’s upper
abdomen.

Move the camera over
the entire scene.

Pan the camera, if
needed

Move the camera over
all the injuries.

Zoom the camera, if
needed

Zoom in the camera
on the bleeding.

Move the camera over
the patient. Zoom or
change resolution (if
needed).

Turn on the
accelerometer. Place
the phone on the
patient’s upper
abdomen.

Move the camera over
the entire scene of the
accident.

Pan the camera over
the entire scene.

How many patients
are injured? Are all of
the patients free of the
vehicle?

Move the camera over
the vehicle

Is anyone trapped in
the vehicle?

Move the camera over
the patient. Zoom or
change resolution (if
needed).

Turn on the
accelerometer. Place
the phone on the
patient’s upper
abdomen.

data for rate or
respiration

2. Volume control,
local/remote

1. Pan the camera
local/remote

1. Zoom in
local/remote (N
times).

1. Change in Pixels
values.

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote.

L. Change in pixels
values.

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote
1. Accelerometer
data for rate or
respiration

2. Volume control,
local/remote

1. Pan the camera

L. Change in pixels
values.

2. Zoom in.
local/remote (N
times).

3. Resolution
change, local/remote
1. Accelerometer
data for rate or
respiration

2. Volume control,
local/remote
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Current Protocol
Name/Question
in Protocol

Cell phone sensor
used/results

Modified
question/action
requested

Quantitative data

Bleeding - from
where, How
much, How long,
Can it be
controlled? with
pressure?

Where is the
patient injured?

Video images of
moving eyes, or
arms/hands, or legs.

Video images of the
injury

Abdominal Pain

Is the patient
alert?

Is the patient
breathing
normally?

How does the
patient act when
he/she sits up?
Has the Patient
Vomited? If yes,
what does vomit

look like?

Video images of
moving eyes, or
arms/hands, or legs.
Image analysis is
done.

1. Accelerometer data
showing respiration
rate.

2. Microphone audio
to hear breathing
sounds for wheezing
ete.

Make the person sit
and observe on video

Video images of vomit
can help. Number of
pixels and color
changes of pixels may
lead to automatic
conclusions.

Allergies Stings

Is the patient
alert?

Is the patient
breathing
normally?

How does the
patient act when
he/she sits up?
Does the patient
have any rashes
or hives?

Back Pain

Is the patient
alert?

Video images of
moving eyes, or
arms/hands, or legs.
Image analysis is
done.

1. Accelerometer data
showing respiration
rate.

2. Microphone audio
to hear breathing
sounds for wheezing
ete.

Make the person sit
and observe on video

Video image of bite
area. Increased
resolution and pixel
analysis would show
the seriousness of the
rash

Video images of
moving eyes, or
arms/hands, or legs.
Image analysis is
done.

Zoom in the camera
on the bleeding.

Move the camera over
the injury

Move the camera over
the patient. Zoom or
change resolution (if
needed).

Turn on the
accelerometer. Place
the phone on the
patient’s upper
abdomen.

Move the camera
showing the patient.
Ask him to sit

Has the patient
Vomited? If yes,
Move the camera over
the vomit.

Move the camera over
the patient. Zoom or
change resolution (if

needed).

Turn on the
accelerometer. Place
the phone on the
patient’s upper
abdomen.

Move the camera
showing the patient.
Ask him to sit.

Move the camera over
the rash area of his/her
body. Increase the
resolution, if needed.
Zoom the camera

over the rash, if
needed

Move the camera over
the patient. Zoom or
change resolution {if
needed).

1. Change in Pixels
values.

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote.
1. Zoom in,
local/remote (N
times).

L. Change in pixels
values.

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote
1. Accelerometer
data for rate or
respiration

2. Volume control,
local/remote

1. Zoom in,
local/remote (N
times)

2. Change in
Resolution,
local/remote.

1. Change in pixels
values.

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote
1. Accelerometer
data for rate or
respiration

2. Volume control,
local/remote

1. Zoom in,
local/remote (N
times).

2. Change in
resolution
local/remote.

1. Change in pixels
values.

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote
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Current Protocol Modified

Name/Question  Cell phone sensor question/action

in Protocol used/results requested Quantitative data
Is the patient 1. Accelerometer data Turn on the 1. Accelerometer

breathing
normally?

Breathing
Problems

Is the patient
alert?

Is the patient
breathing
normally?

Is the patient able
to speak in full
sentences?

Is the patient
drooling of
having a hard
time swallowing?

Chest Pain/Heart
Problems

Is the patient
alert?

Is the patient
breathing
normally?

Is the patient
nauseated or
vomiting?

Is the patient
sweating
profusely?

Is the patient
experiencing
rapid heart rate
with chest pain?

Diabetic
Problems

Is the patient
alert?

showing respiration
rate.

2. Microphone audio
to hear breathing
sounds for wheezing
ete.

Video images of
moving eyes, or
arms/hands, or legs.
Image analysis is
done.

1. Accelerometer data
showing respiration
rate.

2. Microphone audio
to hear breathing
sounds for wheezing
etc.

Video/Audio
interaction with
patient

Video images of
person’s face. Pixel
changes would lead to
automatic conclusions
about dreoling and
swallowing problems.

Video images of
moving eyes, or
arms/hands, or legs.
Image analysis is
done.

1. Accelerometer data
showing respiration
rate.

2. Microphone audio
to hear breathing
sounds for wheezing
ete.

Video images of the
person. Image analysis
is done

Use cell phone sensors -
accelerometer,

video, audio to
determine heart rate

Video images of
moving eyes, or
arms/hands, or legs,
Image analysis is
done.

accelerometer. Place
the phone on the
patient’s upper
abdomen.

Move the camera over
the patient. Zoom or
change resolution (if
needed).

Turn on the
accelerometer. Place
the phone on the
patient’s upper
abdomen.

Take the phone to the

patient.

Increase volume of the
microphone if needed.
Move the camera over
the patient’s mouth.

data for rate or
respiration

2. Volume control,
local/remote

L. Change in pixels
values.

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote
1. Accelerometer
data for rate or
respiration

2. Volume control,
local/remote

1. Volume control
local/remote.

1. Zoom in,
local/remote (N

Zoom in the camera, if times).

needed
Increase resolution, if
needed.

Move the camera over
the patient. Zoom or
change resolution (if
needed).

Turn on the
accelerometer. Place
the phone on the
patient’s upper
abdomen.

Move the camera over
the patient’s face.
Zoom in, if needed.
Increase the
resolution, if needed.

Turn on the
accelerometer.

Place the camera on
the patient’s chest.
Ask the patient to put
finger on the camera
lens.

Move the camera over
the patient. Zoom or
change resolution (if
needed).

2. Change in
resolution,
local/remote

L. Change in pixels
values.

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote
1. Accelerometer
data for rate or
respiration

2. Volume control,
local/remote

L. Change in pixels
values.

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote
1. Accelerometer
data

2. change in Pixel
intensity

L. Change in pixels
values.

2. Zoom in,
local/remote (N
times).
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Current Protocol Modified
Name/Question  Cell phone sensor question/action
in Protocol used/results requested Quantitative data
3. Resolution
change, local/remote
Is the patient 1. Accelerometer data Turn on the 1. Accelerometer

breathing
normally?

showing respiration
rate.

2. Microphone audio
to hear breathing
sounds for wheezing
ete.

Is the patient Video image of the

sweating patient and image
profusely? analysis helps.
Headache

Is the patient
alert?

Video images of
moving eyes, or
arms/hands, or legs.
Image analysis is
done.

Is the patient 1. Accelerometer data

breathing showing respiration
normally? rate.
2. Microphone audio
to hear breathing
sounds for wheezing
OD/Poisonings/
Ingestion

Is the patient
alert?

Video images of
moving eyes, or
arms/hands, or legs.
Image analysis is
done.

1. Accelerometer data
showing respiration
rate.

2. Microphone audio
to hear breathing
sounds for wheezing
ete.

Video images of the
person. Number of

Is the patient
breathing
normally?

Is the patient
having difficulty

swallowing? pixel changes and the
color changes of
pixels would lead to
automatic conclusion
about swallowing
problems.

Psychiatric/

Behavioral

Problems

Is the patient
alert?

Video images of
moving eyes, or
arms/hands, or legs.
Image analysis is
done.

1. Accelerometer data
showing respiration
rate.

2. Microphone audio
to hear breathing
sounds for wheezing
ete.

Is the patient
breathing
normally?

accelerometer. Place
the phone on the
patient’s upper
abdomen.

Move the camera over
the patient’s face.
Zoom in, if needed
Change resolution, if
needed.

Move the camera over
the patient. Zoom or
change resolution (if
needed).

Turn on the
accelerometer. Place
the phone on the
patient’s upper
abdomen.

Move the camera over
the patient. Zoom or
change resolution (if
needed).

Turn on the
accelerometer. Place
the phone on the
patient’s upper
abdomen.

Move the camera over
the patient’s mouth.

data for rate or
respiration

2. Volume control,
local/remote

L. Change in pixels
values.

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote

L. Change in pixels
values.

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote
1. Accelerometer
data for rate or
respiration

2. Volume control,
local/remote

L. Change in pixels
values.

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote
1. Accelerometer
data for rate or
respiration

2. Volume control,
local/remote

1. Zoom in,
local/remote (N

Zoom in the camera, if times).

needed
Increase resolution, if
needed.

Move the camera over
the patient. Zoom or
change resolution (if
needed).

Turn on the
accelerometer. Place
the phone on the
patient’s upper
abdomen.

2. Change in
resolution,
local/remote

L. Change in pixels
values.

2. Zoom in,
local/remote (N
times).

3. Resolution
change, local/remote
1. Accelerometer
data for rate or
respiration

2. Volume control,
local/remote
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Current Protocol Modified
Name/Question  Cell phone sensor question/action
in Protocol used/results requested

Quantitative data

Can the patient ~ Use of video and Take the phone to the

1. Control Volume,

answer your audio enhances the patient. Increase the  local/remote.
questions? interaction volume of the
microphone (if
needed)
Example 7 [0085] First is the master-slave message exchange mecha-

Cuffless Differential Estimation of Blood Pressure

[0081] The differential estimation of blood pressure
involves the use of two mobile phones. One is for recording
the heart sounds using the built-in microphone and the other
is for recording the video of the pulse data obtained from the
subject’s finger.

[0082] This technique consists of three phases. First is the
synchronizing of time between the two mobile phones,
preferably using Bluetooth, followed by the second phase
which involves locating an appropriate spot on the chest for
recording heart sounds. The audio data of the heart sound is
used to calculate the heart rate. The third phase involves
calculation of systolic pressure, pulse pressure and the
diastolic pressure. FIG. 7 shows the overall procedure of the
differential estimation technique. Pulse signals are obtained
using the video recording application when the finger is
placed over the lens and heart sounds are recorded simul-
taneously using the audio application by placing the other
phone over the chest as shown in FIG. 1.

[0083] The process starts with synchronization of time
between two mobile phones, preferably using Bluetooth.
After synchronization, the camera on one mobile phone
records the pulse in the finger at 24 fps via a video recording
application. An LED flash lights up when the application
starts and then the start-time of video recording is saved in
the phone’s SD card. Similarly, the second mobile starts
recording the heart sounds via the audio recording applica-
tion with the phone’s microphone held close to the chest.
Care has to be taken that the microphone’s opening is held
tightly to the skin over the chest to avoid recording external
noise.

[0084] For synchronizing the clocks on both the mobile
phones, a synchronization protocol was developed. This
protocol is similar to the Precision Time protocol-IEEE 1588
used in wired networks. The synchronization procedure
preferably utilizes Bluetooth and follows a Master-Slave
architecture. The mobile phone which receives the synchro-
nization messages acts as the master and the one sending
acts as the slave. FIG. 8 shows the synchronization mecha-
nism between the two phones. In this example, Nexus One
and HTC Hero mobile phones were used running Android
operating system. Any suitable phones with the necessary
capabilities using any suitable operating system can be
utilized. The Nexus One was equipped with a Broadcom
BCM4329 chipset supporting Bluetooth 2.1+EDR (Ex-
tended Data Rate technology) along with 802.11n WiFi. The
Hero supports Bluetooth 2.1+EDR along with a 802.11b/g
WiFi connectivity. The phones communicated via the
Android BlueZ, a Bluetooth 2.1 compatible stack capable of
running on any Bluetooth chipset. The Nexus One was used
for video recording and acted as the master. The Hero was
used for heart beat recording and acted as the slave. The
synchronization procedure consists of two steps.

nism. The layered architecture comprises of three important
layers namely Application, Bluetooth Stack and the Com-
munication layers. FIG. 9 shows the functional components
described for each layer. The master device’s application
layer consists of a message relay module to relay a reply
message, whereas the slave’s application layer consists of
message relay and time synchronization modules to calcu-
late the exact time to be set on the host device relative to the
master device. The Bluetooth stack and the communication
layers are the same for both the devices.

[0086] Second is the slave device synchronization to mas-
ter clock. The master device’s timestamp is obtained through
Bluetooth and is fixed on the slave device. This simple
method synchronizes time on two devices. Differential esti-
mation of blood pressure requires time calculations precise
to milliseconds. Ignoring transmission delays will lead to
degradation in the system’s accuracy. Hence, transmission
delays have to be calculated during the procedure. This
requires the timestamps of both the systems. FIG. 10 depicts
the working of the synchronization process. The first step is
the standard establishment of a Bluetooth connection after
pairing with the device. Once the connection is established,
the slave device sends a timestamp to the master and stores
it as Ts. As soon as the master device receives the timestamp,
it sends back its own timestamp to the slave device. This
returned timestamp is recorded as Ty along with the time-
stamp when T7 was received by the slave device as TOS.
The process is repeated for 30 seconds and the timestamps
are recorded. This process is followed by the client clock
synchronization module in the slave device. This module has
four major operations: estimating the roundtrip time, esti-
mating the offset, calculating the master time, and setting the
slave clock. FIG. 11 shows the components inside a client
clock synchronization.

[0087]
tion:

The roundtrip time is given by the following equa-

RIT=Ty"-Tg %)

The one-way transit time between the terminals is one half
of the roundtrip time given by the following equation:

The offset between the two devices O, is given by difference
in timestamp of the master and slave device according to the
following equation:

O T~(Tp-T) &)

Subtracting the one-way transit time from the receiving time
in the master device will produce the accurate time differ-
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ence between the slave and master device. The master clock
time is estimated by subtracting the offset with the slave
clock.

[0088] After synchronization, the next step is localization
of the heart beat and pulse. Localizing a heart beat is a
challenging task, but necessary for accurately determining
blood pressure. A brief description of heart sounds is as
follows. Heart sounds are produced with the opening and
closure of heart valves. The heart produces mainly 4 types
of sounds in one heart cycle denoted as S1, S2, S3 and S4.
The first heart sound (S1 -lub) is produced by the atrioven-
tricular valves (i.e., mitral and tricuspid), and the second
heart sound (S2, dub) is produced by the semilunar valves
(i.e., aortic and pulmonary valve). The third and fourth heart
sounds are produced only in some rare conditions due to
gallop. In this method, only the first and second heart sounds
need to be recorded. Experiments were conducted on the
chest region to find the best spot for obtaining recordable
heart sounds. The four locations of the valves were identified
and selected for recording purposes. Based on the experi-
ments, the heart sounds captured from the microphone were
heard the loudest in the pulmonary region containing the
pulmonary valve. Since the pulmonary valve is associated
with the S2 sound, in most cases the decibel level of S2 is
higher than that of the S1. Table 6 below gives the location
of valves in the chest with respect to the intercostal space
and sternum.

TABLE 6

Location of Valve on Chest

Pulmonary valve
Aortic valve
Mitral valve

second intercostal space  left upper sternal border
second intercostal space  right upper sternal border
fifth intercostal space medial to left mid-
clavicular line

lower left sternal border

Tricuspid valve fourth intercostal space

[0089] The third step is pulse detection and heart rate
calculation. The procedure for detecting a pulse works on
the principle that every heart beat pertains to a rush of blood
in the blood vessels, even in the capillaries at the finger-tips
(Banitsas 2009). By placing the finger over the camera and
turning on the flash through a video recording application,
the following observations were made. During a systolic
pulse when the capillaries are rich in blood, more light was
absorbed by the blood, leading to a low reflective index and
darker frame intensities. Likewise, during a diastolic pulse,
most of the light was reflected leading to bright frames. The
change in intensity of light passed through the finger creat-
ing an alternative pattern of waves. These changes in inten-
sity with time were used to obtain the pulse of a person.

[0090] FIG. 12 depicts the procedure for deriving the
pulse signal from the finger and calculating the heart rate.
The pixel information from the video was split into indi-
vidual Red, Blue and Green components. In most of the
frames observed, the prominent color was red. Every frame
of the video was split into 4 quadrants and only the first
quadrant was considered for analysis because the fluctua-
tions were more predominant in that region. Then the frames
were split on a fixed length window (Wt) to check for the
number of peaks(n) occurring at equal intervals of time as
shown in FIG. 13. FIG. 13(a) shows the total window of
data, while FIG. 13(b) shows the data split into smaller time
frames. The heart rate (“HR”) was calculated by using the
following equation:
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[0091] FIG. 14 illustrates the sequential execution of
events in the estimation process. The estimation process
starts by first synchronizing the system clocks of both the
mobile phones. After this, each mobile starts recording the
appropriate data. In the example, the Nexus One recorded
video at a rate of 24 fps and the HTC Hero recorded audio
at a sampling rate of 8§ KHz. Both the mobile phones should
start recording within 10 seconds after clock synchroniza-
tion. Otherwise, letting the application to run for a long time
creates a drift in the system clock as the processor is
responsible for maintaining the system time. Moreover,
when the CPU is loaded with high-priority processes, the
processor cannot maintain the clock’s accuracy.

[0092] 1In the example, all the measurements were taken
for a duration of one minute with the video starting roughly
five seconds after the audio. The data collected was pro-
cessed offline. The first step was the denoising of data and
resampling. Audio data collected from the mobile phone was
passed through a 15th-order low-pass butterworth filter
which allows frequencies only between 10-250 Hz since
most heart sounds recorded are present within the 10-250 Hz
frequency band. For computational effectiveness, the filtered
audio was resampled to a lower rate of 1 KHz. Similarly, the
video frames were processed as explained above to give the
value of red intensity.

[0093] The next step was determination of peaks from the
data and identifying appropriate peaks in the video corre-
sponding to the audio signal. In all the experiments, the
recording process on both the phones did not start at the
same time. In other words, both the audio and video data
were not synchronous with the starting time. To identify
peaks, the waveforms had to be aligned. To achieve this, the
starting times of the recording were stored on the SD card of
the two phones respectively as time stamps for calibration.
For instance, suppose the starting time of the audio data was
SS and the starting time of the video data was SV. The
difference in the time stamps will give the amount of time
one data was ahead/lagging the other. Algorithm 1 below
explains the procedure followed in calibrating the two
devices. Since the sampling frequency for audio was 1 KHz,
adding and deleting data points was easier and more precise
in audio than video at 24 fps. FIG. 15 illustrates the aligned
data and how the peaks are identified. In FIG. 15, sys
represents the systolic peak of the pulse 45 and dia repre-
sents the diastolic peak of the pulse. S1 and S2 are the first
46 and second heart sounds respectively. VIT is identified
by time difference between the dotted lines.

Algorithm 1 Calibration for Synchronous start of Data

INPUT:Timestamps of Audio and Video Start (Sg and S;-)

OUTPUT:Synchronous audio data

SyncStart = Sg - Sy

if SyncStart = 0 then
Add Null data for SyncStart milliseconds towards start of the audio
data set

end if

if SyncStart < 0 then
Delete data for SyncStart milliseconds from the start of the audio data
set

end if

[0094] For systolic pressure, the time of arrival of S1 and
the time of arrival of the corresponding systolic peak are
noted. The difference in these two time of arrivals yielded a
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parameter called Vascular Transit Time (VTT). VTT is
defined as the dotted lines, or time taken by the blood to
travel from the heart to an extremity of the body for one
stroke of the heart. The change in systolic pressure can be
derived from the change in VTT with respect to a reference
value as shown in the equation below (Foo et al. 2006).
Hence the reason for calculating VTT.

AP =0.425xAVTT )

Based on Equation 5, the systolic pressure values corre-
sponding to the VIT can be generated. Thus, the systolic
pressure is given by the following equation:

P=-0425xVTT+214 (6)

[0095] The pulse pressure (Pp) and the stroke volume
(SV) were computed as follows. For stroke volume, the
following equation was used:

SV(mL)=-6.6+0.25x (ET-35)-0.62x HR+40.4x BS A~
0.51xAge 7
where ET(ms) is the ejection time and BSA is the Body
Surface Area given by the following equation:

BSA=0.007184xWeight®4* xHeight* >

Ejection time is defined as the time of ejection of blood from
the left ventricle beginning with the opening of the aortic
valve and ending with closing of the aortic valve. The
ejection time was estimated graphically from the heart sound
recorded as shown in FIG. 16. The identification of the two
sounds, namely S accompanied by opening of the aortic
value and S2 accompanied by closing of the aortic value was
explained above. As shown in FIG. 16, the time difference
between S and S2 sounds recorded using the microphone is
taken as the ejection time.

[0096] With the computed stroke volume, the pulse pres-
sure was calculated in units of mmHg using the following
equation:

o N ®)
P~ (0.013 % Wr - 0.007 xage — 0.004x HR) + 1.307

[0097] Having obtained P, and P, the diastolic pressure
(P,) was calculated from the following equations:

[SSY RN
Nl
—

Py=Pn+ =P,

10
Pa=Py- (1o

w|T

Subtracting Equation 10 from 9 and rearranging, the dia-
stolic pressure is calculated from the following equation:

[0098] The accuracy of the results relies entirely on the
effective estimation of VIT from the graphs. Identification
of the time instance of S1 sound from the audio was an easy
task with proper filtering of the signal, but the selection of
the corresponding peaks in the video intensity was difficult
in some situations due to presence of flat peaks instead of a
sharp peak for a systolic pulse in the video intensity plot.
The flat peak pattern appears due to the sampling error in the
video. This created some confusion in the selection of a data
point. FIG. 17(a) shows a plot with sharp peaks and 17(b)
shows a pattern of flat peaks. A sample data set was

Feb. 23,2017

considered and the VTT was obtained using both sharp and
the flat peaked data points. Table 7 below shows the values
of VTT and P, computed from a single sharp peak data point
and from a series of points present in a flat peak as two
columns respectively. For verifving the P, estimated using
this method, the blood pressure was measured as 113 for a
single subject using a commercial meter. From Table 7, it
appears that using a sharp peak, the VIT varied within a
small range and the P_estimated was closer to the measured
blood pressure, whereas, with flat peaks there was a broad
range of variation in the VTT and a considerable difference
between the estimated and the measured values. The median
systolic pressure was 112 for the selection of sharp peaks
and 116 for flat peaks. Hence for an accurate measurement
of pressure, the selection of data points plays an important
role.

TABLE 7
Sharp peak Flat peak
VTIT Ps(mmHg) VIT Ps(mmHg)
240 112 227 118
238 113 227 118
244 110 272 98
242 11 240 112
247 109 248 109
241 112 222 120
235 114 228 117
245 110 234 115
245 110 230 116
240 112 229 117

[0099] Table 8 gives the accuracy of results upon selection
of a sharp peaked data. The measurements were collected
from five individuals multiple times. This data was to used
to estimate the blood pressure using the proposed method.
The systolic pressure was also measured using a blood
pressure meter. The accuracy is defined according to the
follow ing equation:

Md(P;) - Es(Py) 12)

Accuracy = APy
s

In the equation, measured (Md) P, is the pressure measured
using a commercial blood pressure meter and Estimated (Es)
P_ is the pressure estimated as explained above. In Table 8,
it can be seen that accuracy values varied between 90-100%.
Also, the current method yielded an accuracy above 95% in
85% of the data sets and of 90-95% in 15% of the data sets
analyzed.

TABLE 8
Md Es Accuracy Md Es Accuracy
Ps Ps % Ps Ps %
110 110 100 974 124 124 100 95.5
15 112 99.1 111 116 93.8
108 107 94.2 113 120 91.8
104 110 983 110 119 99.1
118 116 95.0 112 113 96.5
121 115 96.4 114 110 99.1
12 116 97.3 112 113 93.3
110 113 97 104
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[0100] Accuracy of diastolic pressure is defined similar to
Equation 12. Table 9 below shows the accuracy for diastolic
pressure calculated. The diastolic pressure is approximated
based on the amount of blood in the person for his age,
calculated from ET. The accuracy may change in the case of
blood loss or deficiency of blood due to abnormality.

TABLE 9
Md Es Accuracy Md Es Accuracy
Pd Pd % Pd Pd %
64 68 93.75 70 73 95.7
61 66 91.8 65 70 92.3
54 59 90.7 73 78 93.2
83 2 98.8 63 67 93.7
81 83 97.5 61 68 88.5
[0101] The vascular transit time (VIT) was analyzed

based on the audio and video samples measured together.
For every single pulse in the data set, a VT'T can be derived.
However, the VIT can change on ever pulse since there is
a continuous variation of pressure in a human throughout the
day. By using the proposed method, the systolic pressure
was determined with a single VT value but the probability
of erroneous results was high. Thus, for all the analyzed data
sets, the median of the VTT was taken to compute the blood
pressure. FIG. 18 shows a plot for systolic pressure values
for a duration of 60 seconds in a single data set. The sample
data set varied within a range of 24 mmHg. The median of
the pressure value resulted in 113 mmHg which was exactly
the same from the blood pressure meter for that instant.

[0102] The results from Table 10 below introduce the
problem involved in the selection of number of data points.
Table 10 shows the variation of estimated (Es) systolic
pressure (P,) from measured (Md) based selection of number
of data points from a data set. Although the systolic pressure
can be estimated by selecting a single data point, the
accuracy of the values will be very low. Table 10 contains
four data sets showing the pressure values with different
number of data points selected. A single point was taken at
random from minute a data set and compared against the
actual pressure value. In a similar manner, the pressure value
was computed by selecting five and ten points. All the plots
showed results close to actual pressure, but the closeness
increased with increase in the number of data points
selected. From the Table 10, it can be inferred that the
selection of at least 10 data points from the data set yielded
closer values of pressure.

TABLE 10
Md 1 5 10
Sample Ps point points points
1 110 105 112 110
2 115 110 110 12
3 108 101 112 107
4 104 115 114 111

[0103] The cuff-less differential blood pressure estimation
technique described herein uses mobile phone and their
built-in sensors. Synchronization is followed by procedures
for localizing and detecting heart beat and pulse signals. The
mathematical formulations used to estimate the systolic and
diastolic pressure produce accuracies between (95-100%).
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[0104] Some technical and social issues arise which
require consideration in the use of the present cuffless
differential estimation of blood pressure. First, the method of
measuring pulses with the video intensity is native without
much filtering. Hence, the appearance of sharp peaks may
hardly be detected. The addition of special hardware may
effectively increase the accuracy and reliability of the
device, but it voids the system’s purpose. Also, the hardware
specifications for all devices are not standard. Device incom-
patibilities will most likely occur. For example, the LED
flash available in one phone may not be present in all devices
as standard. Also, software version differences make the
applications to work only on certain devices. Heart beat
recording also requires placement of the microphone over
the bare chest. Taking measurements with the shirts on does
not give desirable results. Hence, the measurement may not
be possible in public. Further, people with chronic cardiac
and vascular disorder may not follow the same VT T-Systolic
pressure relation. In addition, the accuracy of estimation
technique was less when the tests were performed with the
subject lying flat on the ground. The subject preferably
needs to be sitting upright with the arm holding the camera
in level to the heart. Finally, the present investigation
required the use of rooted phones which are popular only
among developers. API changes have to be made, to incor-
porate changes in these phone’s system or the application
should be added as a core system process to be used by all
public users.

Example 7A

Sensitivity Analysis

[0105] The cuffless estimation technique’s sensitivity was
determined by studying the relation between different
parameters. Firstly, the relation between the cardiac output
and a person’s height and weight was studied. Cardiac
output is defined as the volume of blood being pumped by
the heart in a time interval of one minute. Mathematically,
it is the product of heart rate and stroke volume which were
obtained as explained above. Because cardiac output
increases with an increase in an individual’s body-surface
area, the person’s blood pressure also increases linearly.
Also, the cardiac output increases more rapidly with height
rather than with the weight of the individual, i.e., tall
individuals have higher cardiac output than obese individu-
als.

[0106] The sensitivity of the recording device also must be
considered while considering in the sensitivity analysis. The
software cap on the Android platform for Nexus One pre-
vents the hardware from performing to its original capability
i.e., the hardware camera is reported to record video at 720
pixels at a rate of 30 fps, but the recording capability has
been restricted to 24 fps at 480 pixels resolution. All the
specifications discussed here are results of testing the Nexus
One’s camera under bright lighting conditions. When the
picture gets darker, the frame rate decreases considerably. It
was observed during the test setup that the average frame
rate dropped from 23 fps to 17-16 fps. Every frame occurred
at an average time interval of 62.5 ms. Based on this
estimate, we conclude that the accuracy of ejection time
varied between 0-120 ms in a data set and that the accuracy
of results varied from 0-45 mmHg of mercury. Even the
accuracy of pulse pressure ranged between 0-18 mmHg. For
example, if a median error of +24 ms of ET is considered for
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the results, an actual 120/80 mmHg systolic pressure will
show as 145/96. To eliminate this kind of error phenomenon,
the median value of the ejection times was taken in a data
set, thereby improving the current system’s accuracy.
[0107] An analysis was made into whether factors such as
age, height, and weight affect the system’s sensitivity. The
tests were performed with subjects of varying age, height,
and weight as listed in Table 11 below.

TABLE 11
Subject Age Height(f) Weight{lbs)
Data 1 22 6.0 149
Data 2 28 6.1 142
Data 3 23 5.8 140
Data 4 25 5.8 145
Data 5 13 5.5 123

[0108] By obtaining the VIT and P, for the five subjects
as explained above, the estimated values of Ps from VTT
were compared with the pressure measured using a meter.
FIG. 19 shows a plot of Systolic pressure vs VTT. The meter
based readings are joined by a straight dark line in the center.
The points labeled as ‘Data’ refer to different individuals.
The results obtained by applying Equation 6 to all the
individuals regardless of the age, height or weight for P,
computation, yielded accuracies of above 95%. Based on
these results, it can be inferred that factors such as age,
height, and weight did not impact the end result of proposed
system. It was also observed that, for an increase of 10 ms
of VTT, the systolic pressure dropped linearly by 4.25
mmHg. Based on the information from the sensitivity analy-
sis, it can be concluded that the system will work under most
conditions regardless of the physique of the individual.
However, the method has not been tested with people having
a history of cardiac disorders. The results and accuracy
could also vary for people with ailments and disabilities due
to changes in their vascular system.

Example 7B

Mobile Hardware Performance Analysis

[0109] The accuracy of results depends on the perfor-
mance of a system under any conditions. A performance
analysis could shed further light on the modules within the
system that may need improvement or adjustment for better
estimation. The synchronization process and some hardware
constraints are emphasized.

[0110] First, synchronization is a very important module
in the proposed differential estimation of blood pressure.
The proposed system uses two mobile phones in a master-
slave relationship for collecting data. When the time differ-
ence between the clocks increases, the probability of select-
ing the correct S 11 sound for the corresponding video of the
systolic pulse decreases. If the clocks are working off sync,
the resulting values from the estimation are incorrect.

[0111] To estimate the performance of the device, it was
assumed that the one-way network delay is the same on both
sides, 1.e., the time taken for a message from a master to a
slave is the same as the time taken for transit from a slave
to the master. A small test for the effectiveness of the
synchronization process was done. Because it was difficult
to have a centralized time for verification of synchronization
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process of two mobile phones, performance was measured
in an alternative method as follows.

[0112] First, the devices to be synchronized for the esti-
mation were labeled as Device 1 and Device 2. Device 1 was
made to act as the master device and synchronized making
note of the offset. Device 2 was made to act as the slave
device and synchronized making note of the offset. When
the offset value is 0, the clocks between the devices are
perfectly synchronized. Steps 2 and 3 were repeated to
verify zero offset value in both directions. The performance
test was conducted on two pairs of devices: Nexus One vs
Nexus One and Nexus One vs HTC Hero. Hero and Nexus
One do not have a common hardware configuration. Hence,
there was a tradeoff in the network delay. Table 12 below
shows the effectiveness of the clock after synchronizing the
two Nexus One mobile phones. Based on this experiment, it
was found that the lower the offset time between devices, the
greater the effectiveness. The offset varied between +1 ms,
which showed an effective synchronization of the clock
times in both devices. The results for Nexus one vs Hero
showed a similar behavior, but the round trip time (RI 1)
between the devices was 79 ms and the offset varied between
6 ms.

TABLE 12
Device RTT(ms) Offset(ms)
1 30 1
2 29 -1
1 30 -1
2 29 0
1 29 0
2 29 0
1 29 0
2 29 -1
1 29 1
2 29 0

[0113] A Bluetooth device can transmit data at a rate of
780 kbps according to the IEEE 802.11 standards. The
effective transmission and reduction of the RTT relies on the
size of messages being sent and the processor capability to
handle multiple requests, interference and attenuation of
signal. In the present investigation, the devices were placed
as close as possible to eliminate the delay introduced due to
signal issues. Also the message size being transmitted was
very small for a bandwidth of 780 kbps. Therefore data loss
due to retransmissions or transmission delays due to buffer
overflows did not occur in the system. FIG. 20 gives the
generalized packet structure of a Bluetooth data packet.
During the synchronization process, a timestamp value of
long data type was being sent back and forth during a time
instant. Considering the payload size as 128 bits, approxi-
mate size of an individual data packet was about 32 bytes.
The mechanism works on simplex method sending data in
one direction at a time. Hence, the message size will not
create issues in transmission.

[0114] The detection of heart sounds relies on the micro-
phone’s ability to pick up low-frequency, low-amplitude
audio signals. Every mobile phone in the market has differ-
ent hardware specifications. Two brands of phones may not
have the same kind of hardware. However, a device with the
best microphone sensitivity could help in recording the heart
beats accurately. Thus, a comparison of microphones on
three devices was also made.
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[0115] First, a test was performed to determine the fre-
quency response of the microphone on three devices,
namely, Google’s Nexus One, HTC Hero, and HTC Legend.
The test occurred in a closed environment with ambient
noise and few audio activities. The three phones recorded
the same audio simultaneously. The recorded audio was
processed in MATLAB to derive a frequency response. FIG.
21 shows the microphone frequency response for three
different mobile phones. FIG. 21 shows a flatter response
curve for Hero than Legend and Nexus One. Legend has the
highest power in the low frequency spectrum followed by
Hero and Nexus One. Also, the occurrence of peaks in the
audio data due to external disturbance was seen only in Hero
and Legend, where as it was eliminated in Nexus One by the
hardware noise cancellation available on the phone. Thus,
heart beats were more accurately detected using Legend or
Hero than Nexus One.
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1-24. (canceled)

25. A method for capturing and transmitting chest sounds
of a subject using a first mobile phone and a second mobile
phone, wherein the first mobile phone comprises a micro-
phone and is capable of capturing and transmitting audio
data, wherein the second mobile phone comprises an embed-
ded video camera capable of capturing and recording video
data with a lens and a flash and an application for estimating
heart rate information using the camera and flash, and
wherein the first mobile phone and the second mobile phone
further comprise a WiFi receiver, a WiFi transmitter, and
Voice over IP (“VOIP”) software, wherein the VOIP sofi-
ware comprises modified signaling protocols which facili-
tate transmission of information in real-time, comprising:

synchronizing time between the first mobile phone and

the second mobile phone;

placing the first mobile phone on the subject at an

appropriate location close to the subject’s chest;
collecting audio data using the first mobile phone that
corresponds to chest sounds of the subject;
generating chest sounds information for the subject using
the audio data;
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activating the application for estimating heart rate infor-

mation; and

capturing the chest sounds information and the heart rate

information; and

using the modified signaling protocols of the first mobile

phone and the second mobile phone to transmit one or
more of the chest sounds information and the heart rate
information of the subject to a recipient via an Internet-
based network in real-time.

26. The method of claim 25, wherein the synchronizing
time step utilizes a Bluetooth based synchronization proto-
col.

27. The method of claim 25, wherein the appropriate
location close to the subject’s chest is a location close to the
pulmonary valve of the subject’s heart.

28-32. (canceled)
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33. The method of claim 25, wherein the first mobile
phone comprises an audio recording application.

34. The method of claim 25, wherein the second mobile
phone comprises a video recording application.

35. The method of claim 25, wherein the placing the first
mobile phone on the subject step comprises pressing the
microphone of the first mobile phone against the chest of the
subject.

36. The method of claim 25, wherein the appropriate
location close to the subject’s chest is on bare skin of the
subject.

37. The method of claim 25, wherein the subject is in a
seated position.

38. The method of claim 25, wherein at least one of the
first mobile phone and the second mobile phone is a portable
personal device carried by a user on a wrist or arm.
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