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SYSTEM AND METHOD FOR
DETERMINING CHANGES IN A BODY
STATE

RELATED APPLICATIONS

[0001] This application is a continuation of and claims
priority to U.S. patent application Ser. No. 13/843077, filed
on Mar. 15, 2013, which is expressly incorporated herein by
reference.

BACKGROUND

[0002] Data related to the biological systems of an indi-
vidual can indicate a body state of an individual or a
transition from one body state to another body state. Exem-
plary biological systems can include the circulatory system,
respiratory system, nervous system, including the autonomic
nervous system, or other similar biological systems. Accu-
rate and quantifiable measurements of biological systems are
useful in various applications to provide feedback to the
individual on their current, historical or impending body
state. In particular, functional or structural variations in
cardiac activity can indicate biological system activity levels
(e.g., parasympathetic and sympathetic activity levels of the
autonomic nervous system), which can provide accurate
measurements of a body state or a transition from one body
state to another body state.

SUMMARY

[0003] According to one aspect, a computer-implemented
method for determining changes in a body state of an
individual includes receiving a signal from a monitoring
system where the signal indicates a measurement of cardiac
activity of the individual over a period of time. The method
also includes determining at least one signal feature, where
the signal feature is a reoccurring event of the signal over the
period of time. The method further includes determining a
first interval between two successive signal features and
determining a second interval between two successive first
intervals. A derivative is calculated based on the second
interval and changes in the body state are identified based on
the derivative.

[0004] According to another aspect, a computer-imple-
mented method for analyzing transitions in a body state
includes receiving a signal from an individual indicating a
measurement of cardiac activity over a period of time and
calculating a derivative of a heart rate based on a reoccurring
feature of the signal. The method further includes extracting
a plurality of heart rate accelerations or decelerations based
on the derivative and identifying a transition in the body
state based on the plurality of heart rate accelerations or
decelerations.

[0005] According to a further aspect, a computer system
for determining changes in a body state of an individual
includes a monitoring system configured to monitor cardiac
activity and a signal receiving module configured to receive
a signal from the monitoring system, where the signal
represents a measurement of cardiac activity. The system
also includes a feature determination module configured to
determine a signal feature, where the signal feature is a
reoccurring event of said signal over the period of time. The
system also includes an interval determination module con-
figured to determine a first interval between two successive
signal features and a second interval between two successive
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first intervals. The system further includes a derivative
calculation module configured to calculate a derivative of a
heart rate based on the second interval and an identification
module configured to identify changes in the body state
based on the derivative.

[0006] According to another aspect, a non-transitory com-
puter-readable medium storing computer-executable
instructions that when executed by a computer, which
includes at least a processor, cause the computer to perform
a method, the method includes receiving, using at least the
processor, a signal indicating a measurement of cardiac
activity over a period of time. The method also includes
detecting, using at least the processor, a signal feature,
wherein the signal feature is a reoccurring event of the signal
over the period of time and calculating, using at least the
processor, a first interval between two successive signal
features. The method further includes calculating, using at
least the processor, a second interval between two succes-
sive first intervals and calculating, using at least the proces-
sor, a derivative based on the second interval. Finally, the
method includes identifying, using at least a processor,
changes in a body state based on the derivative.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a schematic view of an illustrative com-
puter system for determining changes in a body state accord-
ing to an exemplary embodiment;

[0008] FIG. 2 is a schematic view of a motor vehicle for
determining changes in a body state according to the exem-
plary embodiment of FIG. 1;

[0009] FIG. 3 is a process flow diagram of a method for
determining changes in a body state;

[0010] FIG. 4(a) is a schematic representation of a cardiac
waveform of an electrical signal representing cardiac activ-
ity;

[0011] FIG. 4(b) is a schematic representation of a series
of cardiac waveforms of FIG. 4(a);

[0012] FIG. 5(a) is a schematic representation of a cardiac
waveform of an acoustic signal representing cardiac activity;
[0013] FIG. 5(d) is a schematic representation of a series
of cardiac waveforms of FIG. 5(a);

[0014] FIG. 5(c) is a schematic representation of a cardiac
waveform of an optical signal representing cardiac activity;
[0015] FIG. 5(d) is a schematic representation of a series
of cardiac waveforms of FIG. 5(c);

[0016] FIG. 6 is a schematic view of locations on an
individual for measuring cardiac activity.

[0017] FIG. 7 is an example output of a single lead
electrocardiogram (EKG);

[0018] FIG. 8 is an example line plot of a derivative of a
heart rate at low thresholds (i.e., 2);

[0019] FIG. 9 is an example line plot of a derivative of a
heart rate at high thresholds (i.e., 10); and

[0020] FIG. 10 is an example cluster plot of a derivative
of a heart rate.

DETAILED DESCRIPTION

[0021] Referring now to the drawings, wherein the show-
ings are for purposes of illustrating one or more exemplary
embodiments and not for purposes of limiting same, FIG. 1
illustrates a computer system 100 in which one or more
embodiments discussed herein can operate. The computer
system 100 includes a computing device 101, a processor
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102, an input/output device 104, a memory 106, a commu-
nication module 108 and a monitoring system 110. The
monitoring system 110 can include and/or communicate
with a plurality of sensors 111. In some embodiments, one
or more of the components in the computer system 100 may
be combined, omitted or organized into different architec-
tures. For example, the input/output device 104 can be
organized into separate input and output devices, the
memory 106 can be included with the processor 102 and so
forth.

[0022] It is to be appreciated, that other components not
shown in FIG. 1 can be included (e.g., communication
units/gateways, network buses, vehicle systems (see FIG.
2)). Additionally, although the aforementioned components,
systems and methods are referred to herein with reference to
system 100 and FIG. 1, it is to be appreciated that the
components can be associated with or incorporated into
other devices. Other exemplary devices may include, but are
not limited to, clothes, jewelry or other wearable devices,
seats, chairs, beds, benches, couches, or other seating
devices, automobiles, trucks, motorcycles, tractor trailers,
tractors, lawn mowers, airplanes, boats, and other vehicles.
[0023] One exemplary embodiment is illustrated in FIG. 2,
a motor vehicle 200 for determining changes in a body state
of a vehicle occupant 202. The vehicle 200 can refer to any
moving vehicle that is capable of carrying one or more
human occupants and powered by a form of energy. The
vehicle 200 includes an engine 204, an electronic control
unit (ECU) 206, a plurality of vehicle systems 210 and a
monitoring system 212. The monitoring system 212 can be
the same or similar to the monitoring system 110. For
example, the monitoring system 212 can include and/or
communicate with various sensors. Specifically, in FIG. 2,
the sensors include a first sensor 216 in a headrest 214, a
second sensor 218 in a seat 220 and a camera 222. A steering
wheel 224 may also include sensors (not shown) for iden-
tifying body state changes. Exemplary vehicle systems 210
can include, but are not limited to, an electronic stability
control system, an anti-lock brake system, a brake assist
system, an automatic brake prefill system, a low speed
follow system, a cruise control system, a collision warning
system, a collision mitigation braking system, an auto cruise
control system, a lane departure warning system, a blind
spot indicator system, a lane keep assist system, a navigation
system, an electronic power steering system, a climate
control system, an infotainment system including visual
devices, audio devices and tactile devices, among others.
[0024] The components of the system 100, in whole or in
part, can be integrated or associated with the vehicle 200.
For example, components of the computing device 102 can
be integrated with the ECU 206 located inside the vehicle
200. Similar to the device 101 of FIG. 1, the ECU 206
includes provisions for general computing and arithmetic
functions as well as provisions for communicating and/or
controlling various systems associated with the vehicle 200,
the engine 204, the plurality of vehicle systems 210, and the
monitoring system 212.

[0025] Referring again to FIG. 1, the processor 102 pro-
cesses signals and performs general computing and arith-
metic functions. Signals processed by the processor 102 can
include digital signals, data signals, computer instructions,
processor instructions, messages, a bit, a bit stream, or other
means that can be received, transmitted and/or detected. In
particular, the processor 102 is configured to transmit,
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receive and process signals from the input/output device
104, the memory 106, the communication module 108 and
the monitoring system 110. Generally, the processor 102 can
be a variety of various processors including multiple single
and multicore processors and co-processors and other mul-
tiple single and multicore processor and co-processor archi-
tectures.

[0026] Further, the processor 102 includes a signal receiv-
ing module 112, a feature determination module 114, an
interval determination module 116, a derivative calculation
module 118 and an identification module 120, which process
data signals and execute functions as described in further
detail herein. Module, as used herein, includes, but is not
limited to, hardware, firmware, software in execution on a
machine, and/or combinations of each to perform a function
(s) or an action(s), and/or to cause a function or action from
another module, method, and/or system. A module can
include a software controlled microprocessor, a discrete
logic circuit, an analog circuit, a digital circuit, a pro-
grammed logic device, a memory device containing execut-
ing instructions, and so on. A module may include one or
more gates, combinations of gates, or other circuit compo-
nents.

[0027] The input/output device 104 represents devices to
provide input (e.g., user input) to the computer system 100
and to provide output from the computer system 100 (e.g.,
display images, data and other feedback, such as described
herein). For example, input can be received though a cursor
controller, a mouse, a keyboard, a touch screen and other
mechanisms adapted to communicate information or com-
mand to the processor 102 or memory 106 through the
computer system 100. Output devices can include a screen,
a monitor, a touch screen, a navigation display, a portable
device screen (e.g., mobile phone, laptop), any other simi-
larly equipped display devices, etc.

[0028] The memory 106 stores instructions and/or data
executed and/or processed by the processor 102. The
memory can include one or more different types of memory
for storing data temporarily, semi-permanently or perma-
nently. For example, cache memory, Random Access
Memory (RAM), Read-Only Memory (ROM), hard-drive,
solid state drive, flash memory or any combination thereof.
[0029] The communication module 108 facilitates com-
munication between the processor 102 and other compo-
nents of computer system 100, other networks (e.g., the
Internet, Wide Local Area Networks (WLAN)) and other
systems, for example, the monitoring system 110. Commu-
nication can be enabled via wired, wireless or telecommu-
nication protocol technologies known in the art. For
example, communication can include a network transfer, a
file transfer, an applet transfer, an email, an HTTP transfer,
and so on. Communication can occur across, for example, a
wireless system (e.g., IEEE 802.11), an Ethernet system
(e.g., IEEE 802.3), a token ring system (e.g., IEEE 802.5),
aLAN, a WAN, a point-to-point system, a circuit switching
system, a packet switching system, among others.

[0030] The monitoring system 110 is configured to moni-
tor and measure monitoring information associated with an
individual for determining changes in a body state of the
individual and transmit the information to the device 101.
The monitoring information as used herein can include
physiological and environmental information related to the
individual. Physiological information can include, but is not
limited to, physical characteristics of the individual (e.g.,
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posture, position, movement) and biological characteristics
of the individual (e.g., cardiac activity, such as, heart rate,
electrocardiogram (EKG), blood pressure, blood flow, oxy-
gen content in the blood) and other biological systems of the
individual (e.g., circulatory system, respiratory system, net-
vous system, including the autonomic nervous system, or
other biological systems). Environmental information can
include, but is not limited to, physical characteristics of the
environment in proximity to the individual (e.g., light,
temperature, weather, pressure, sounds). The monitoring
system 110 can include any system configured to monitor
and measure the monitoring information, such as, optical
devices, thermal devices, autonomic monitoring devices
(e.g., heart rate monitoring devices) as well as any other
kinds of devices, sensors or systems.

[0031] In the illustrated embodiment, the monitoring sys-
tem 110 includes a plurality of sensors 111 for monitoring
and measuring the monitoring information. The sensors 111,
as known in the art, sense a stimulus (e.g., a signal, property,
measurement or quantity) using various sensor technologies
and generate a data stream or signal representing the stimu-
lus. The device 101 is capable of receiving the data stream
or signal representing the stimulus directly from the sensors
111 or via the monitoring system 110. Although particular
sensors are described herein, it will be appreciated by one
having ordinary skill in the art that any type of suitable
sensor can be utilized.

[0032] The sensors 111 can be contact sensors and/or
contactless sensors and can include electric current/potential
sensors (e.g., proximity, inductive, capacitive, electrostatic),
subsonic, sonic, and ultrasonic sensors, vibration sensors
(e.g., piezoelectric) visual, photoelectric or oxygen sensors,
among others. Generally, the sensors 111 can be located in
any position proximate to the individual or on the individual,
in a monitoring device, such as a heart rate monitor, in a
portable device, such as, a mobile device, a laptop or similar
devices. The sensors and processing of signals generated by
the sensors will be discussed in more detail with reference
to FIG. 3 below.

[0033] Further, the monitoring system 110 and/or the
device 101 can receive the monitoring information from the
portable device or any other device (e.g., a watch, a piece of
jewelry, clothing articles) with computing functionality
(e.g., including a processor similar to processor 102). The
portable device may also contain stored monitoring infor-
mation or provide access to stored monitoring information
on the Internet, other networks and/or external databases.
[0034] In one embodiment, illustrated in FIG. 2, the moni-
toring system 212 can monitor and measure monitoring
information associated with the occupant 202 for determin-
ing changes in a body state of the occupant 202 and transmit
the monitoring information to the ECU 206. The monitoring
system 212 receives the monitoring information from vari-
ous sensors. The sensors can include the sensors 216, 218
and the camera 222. Generally, the sensors could be dis-
posed in any portion of the motor vehicle 200, for example,
in a location proximate to the occupant 202. For example,
the sensor 216 is located in the headrest 214. In another
embodiment, the sensor 218 is located in the seat 220. In a
further embodiment, a sensor (not shown) could be located
on or in the steering wheel 224. In other embodiments,
however, the sensors could be located in any other portion
of motor vehicle 200, including, but not limited to: an
armrest, dashboard, rear-view mirror as well as any other
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location. Moreover, in some cases, the sensor can be a
portable sensor that is worn by the occupant 202, associated
with a portable device located in proximity to the occupant
202, such as a smart phone or similar device, or associated
with an article of clothing worn by the occupant 202.
[0035] In some embodiments, the monitoring system 212
can also measure and monitor vehicle operation data from
the vehicle systems 210, sensors associated with the vehicle
systems 210 or from a vehicle bus (not shown). Vehicle
operation data is data related to vehicle systems and com-
ponents and other types of data related to the operation and
status of vehicle systems and components. Exemplary
vehicle operation data can include, but is not limited to,
vehicle speed, braking data, steering angles, steering torque,
rotational speed, motor speed, wheel speed, vehicle location
(e.g., GPS data, navigation system data) or vehicle diagnos-
tic data.

[0036] With reference to FIG. 3, a computer implemented
method is shown for determining changes in a body state of
an individual. In particular, the method will be described in
association with the computer system 100, though it is to be
appreciated that the method could be used with other com-
puter systems. Additionally, the method can be modified for
alternative embodiments described herein (e.g., the vehicle
200, FIG. 2). It is to be appreciated that a body state herein
refers to biological or physiological state of an individual or
a transition to another state. For example a body state can be
one or more of alert, drowsy, distracted, stressed, intoxi-
cated, other generally impaired states, other emotional states
and/or general health states. Further, cardiac activity or a
measurement of cardiac activity, as used herein, refers to
events related to the flow of blood, the pressure of blood, the
sounds and/or the tactile palpations that occur from the
beginning of one heart beat to the beginning of the next heart
beat or the electrical activity of the heart (e.g., EKG). Thus,
the measurement of cardiac activity can indicate a plurality
of cardiac cycles or a plurality of heart beats over a period
of time.

[0037] At step 302, the method includes receiving a signal
from a monitoring system. The signal indicates a measure-
ment of cardiac activity of the individual over a period of
time. In one embodiment, the monitoring system 110 is
configured to monitor cardiac activity of an individual from
the plurality of sensors 111. As discussed above, the sensors
111, as known in the art, sense a stimulus (e.g., a signal,
property, measurement or quantity) using various sensor
technologies and generate a data stream or signal represent-
ing the stimulus. Specifically, the data stream or signal
representing the stimulus is transmitted from the sensors to
the signal receiving module 112, directly or via the moni-
toring system 110. In the illustrated embodiment, the signal
receiving module 112 can be further configured to process
the signal thereby generating a proxy of the signal in a
particular form. It is appreciated that the sensors 111 or the
monitoring system 110 can also perform processing func-
tions. Processing can include amplification, mixing and
filtering of the signal as well as other signal processing
techniques known in the art. In one embodiment, upon
receiving the signal, the signal is processed into a plurality
of waveforms, where each one of the wave forms indicates
one heart beat.

[0038] Particular sensors will now be described in opera-
tion for sensing monitoring information, specifically, physi-
ological characteristics (e.g., cardiac activity). Although
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specific sensors and methods of sensing are discussed
herein, it will be appreciated that other sensors and methods
of sensing cardiac activity can be implemented. The sensors
111 can be contact sensors and/or contactless sensors and
can include electric current/potential sensors (e.g., proxim-
ity, inductive, capacitive, electrostatic), subsonic, sonic, and
ultrasonic sensors, vibration sensors (e.g., piezoelectric),
visual, photoelectric or oxygen sensors, among others.
[0039] Electric current/potential sensors are configured to
measure an amount or change in an electric current, elec-
trical charge or an electric field. In one embodiment, electric
potential sensors can measure electrical activity of the heart
of the individual over a period of time (i.e., an EKG). The
electric potential sensors can be contact sensors or contact-
less sensors located on or in proximity to the individual. For
example, in the embodiment illustrated in FIG. 2, the first
sensor 216 and/or the second sensor 218 and/or the third
sensor (not shown) disposed in the steering wheel 224 could
be electric potential sensors.

[0040] Sonic sensors are configured to measure sound
waves or vibration at frequencies below human auditory
range (subsonic), at frequencies within human auditory
range (sonic) or at frequencies above human auditory range
(ultrasonic). In one embodiment, sonic sensors can measure
sound waves or vibration generated by cardiac activity. In
another embodiment, ultrasonic sensors generate high fre-
quency sound waves and evaluate the echo received back by
the sensor. Specifically, ultrasonic sensors can measure
sounds or vibrations produced by the heart. For example, the
ultrasonic sensors can generate sound waves towards the
thoracic region (e.g., in front or back of chest area) of an
individual and measure an echo received back by the sensor
indicating cardiac activity.

[0041] Visual sensors provide image-based feedback and
include machine vision systems, cameras and other optical
sensors. Digital signals generated by the visual sensors
include a sequence of images to be analyzed. For example,
in one embodiment, a camera (e.g., the camera 222, FIG. 2)
can generate images of eye movement, facial expressions,
positioning or posture of the individual.

[0042] Photoelectric sensors use optics and light (e.g.,
infrared) to detect a presence, a volume or a distance of an
object. In one embodiment, the photoelectric sensors opti-
cally obtain a photoplethysmogram (PPG) of cardiac activ-
ity, which is a volumetric measurement of pulsatile blood
flow. PPG measurements can be sensed at various locations
on or near an individual’s body using, for example, a pulse
oximeter. FIG. 6 illustrates a schematic representation of an
individual 600 and a PPG analysis computer 601. PPG
measurements can be obtained from different locations of
the individual 600, for example, a left ear 602, a right ear
604, a left hand/finger 606, a right hand/finger 608, a left
foot/toe 610 and a right foot/toe 612. The measurements can
be obtained by photoelectric sensors near or on the above
mentioned locations and transmitted to the PPG analysis
computer 601. The PPG analysis computer 601 includes
provisions for analyzing the PPG measurements and com-
paring PPG measurements obtained from different locations
of the individual 600. In some embodiments, the monitoring
system 111 or the processor 102 of FIG. 1 can perform the
functions of the PPG analysis computer 601.

[0043] Referring again to FIG. 3, at step 304, the method
includes determining at least one signal feature, wherein the
signal feature is a reoccurring event over the period of time.
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In one embodiment, the feature determination module 114
receives the signal from the signal receiving module 112 and
determines the signal feature. The signal feature can be a
signal or signal waveform (i.e., shape) characteristic. Exem-
plary signal features include, but are not limited to, a
deflection, a sound, a wave, a duration, an interval, an
amplitude, a peak, a pulse, a wavelength or a frequency that
reoccurs in the signal over the period of time.

[0044] As discussed above, the sensors 111 generate a
signal representing the stimulus measured. The signal and
the signal features vary depending on the property (i.e., the
physiological, biological or environmental characteristic)
sensed, the type of sensor and the sensor technology. The
following are exemplary cardiac waveforms (i.e.. signals
indicating a measurement of cardiac activity) with signal
features reoccurring over a period of time. Although specific
waveforms are disclosed with respect to cardiac activity, it
will become apparent to one having ordinary skill in the art
that the methods and systems disclosed herein, are appli-
cable to waveforms and signals associated with other physi-
ological or environment characteristics associated with indi-
vidual for identifying a body state or a transition to a body
state.

[0045] Referring now to FIG. 4(a), a cardiac waveform
400 of an electrical signal representing cardiac activity is
illustrated. In particular, the cardiac waveform 400 repre-
sents an EKG waveform 400, which is a graphical repre-
sentation of the electrical activity of a heart beat (i.e., one
cardiac cycle). As is known in the art, and as shown in FIGS.
4(b) (i.e., a series of cardiac waveforms 412) and 7, it is to
be appreciated that an EKG can include a plot of the
variation of the electrical activity over a period of time (i.e.,
multiple cardiac cycles).

[0046] Each portion of a heartbeat produces a difference
deflection on the EKG waveform 400. These deflections are
recorded as a series of positive and negative waves, namely,
waves P, Q, R, S and T. The Q, R and S waves comprise a
QRS complex 402 which indicates rapid depolarization of
the right and left heart ventricles. The P wave indicates atrial
depolarization and the T wave indicates atrial repolarization.
Bach wave can vary in duration, amplitude and form in
different individuals. In FIG. 4() the R waves are indicated
by the peaks 414, 416 and 418. In FIG. 7, the R wave of each
heartbeat is indicated with an asterisk (*). In a normal EKG,
the R wave can be the peak of the QRS complex 402.

[0047] Other signal features include wave durations or
intervals, namely, PR interval 404, PR segment 406, ST
segment 408 and ST interval 410. The PR interval 404 is
measured from the beginning of the P wave to the beginning
of the QRS complex 402. The PR segment 406 connects the
P wave and the QRS complex 402. The ST segment 408
connects the QRS complex and the T wave. The ST interval
410 is measured from the S wave to the T wave. It is to be
appreciated that other intervals (e.g., QT interval) can be
identified from the EKG waveform 400. Additionally, beat-
to-beat intervals (i.e., intervals from one cycle feature to the
next cycle feature), for example, an R-R interval (i.e., the
interval between an R wave and the next R wave), may also
be identified.

[0048] With reference to the method of FIG. 3, in one
embodiment, determining a signal feature includes deter-
mining the signal feature as an R wave of an EKG signal.
For example, the R wave of the EKG waveform 400. It is
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appreciated that the signal feature could also be one or more
waves P, Q, R, S and T or one or more of the intervals
described above.

[0049] FIG. 5(a) illustrates another embodiment of a car-
diac waveform 502 of an acoustic signal representing car-
diac activity generated or processed from a sensor, for
example, a sonic or vibrational sensor. In particular, the
cardiac waveform 502 represents the sound of aortic blood
flow. The cardiac waveform 502 can include signal features
similar to the cardiac waveform 400. Exemplary signal
features can include a peak 506 or another wave duration,
peak, feature of the waveform 502. Specifically, the signal
feature reoccurs in the signal over a period of time. For
example, FIG. 5(5) illustrates an acoustic signal 504 having
a series of cardiac waveforms (i.e., the cardiac waveform
502) with a series of peaks 508, 510, 512. The peaks 508,
510, 512 are an exemplary signal feature that reoccurs in the
acoustic signal 504 over a period of time. It is appreciated
that other characteristics of the waveform 502 and/or the
signal 504 can also be identified as a signal feature.
[0050] FIG. 5(c) illustrates a cardiac waveform 514 from
an optical signal representing a measurement of cardiac
activity. The optical signal can be a photoplethsymograph
(PPG) signal generated from a photoelectric sensor or a PPG
device. The cardiac waveform 514 is a PPG signal repre-
senting a measurement of pulsatile blood flow. The cardiac
waveform 514 can include signal features similar to the
cardiac waveform 400. Exemplary signal features can
include a peak 518 or another wave duration, peak, feature
of the waveform 514. Specifically, the signal feature reoc-
curs in the signal over a period of time. For example, FIG.
5(d) illustrates an optical signal 516 having a series of
cardiac waveforms (i.c., the cardiac waveform 514) with a
series of peaks 520, 522, 524. The peaks 520, 522, 524 are
an exemplary signal feature that reoccurs in the optical
signal 516 over a period of time. It is appreciated that other
characteristics of the waveform 514 and/or the signal 516
can also be identified as a signal feature.

[0051] Referring back to step 304, determining at least one
signal feature may include determining a time occurrence of
the signal feature. The time occurrence of each signal feature
in the signal may be stored in a memory 106 as a vector. For
example, the time occurrence of each R wave of the EKG
signal may be stored and expressed in vector form as:

To,=to,0 lo,1 . .. Lo, Where 1, ; is the time of obser-
vance of the R wave component of the QRS
complex and O=i=N. (a)
[0052] For simplicity, the expressions (a)-(d) discussed

herein are with reference to the R wave of the cardiac
waveform 400 (EKG waveform) as a signal feature. It is to
be appreciated that the signal feature could be any signal
feature identified in other types of signals as discussed
above. For example, t could also indicate a time observance
of a peak 506 of a cardiac waveform 502 or a peak 518 or
a cardiac waveform 514. It is also appreciated that each
expression may contain multiple elements of calculations
derived from a signal. The elements can be stored, for
example in a memory 106, in vector form.

[0053] At step 306, the method includes determining a
first interval between two successive signal features. In
another embodiment, a first interval is an interval between
two successive features of each one of the heart beats of the
signal. Successive features, as used herein, is used to refer
to signal features that follow each other or are produced in
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succession. For example, a first interval can be an interval
between a first R wave and a second R wave of the EKG
signal (i.e., R-R interval), where the second R wave is the
next successive R wave to the first R wave. With reference
to FIG. 4(b), a first interval can be an interval 420 measured
from the peak 414 and to the peak 416. A first interval can
also be an interval 422 measured from the peak 416 to the
peak 418. Thus, it is appreciated that a signal can include a
plurality of first intervals between a plurality of signal
features. In another example shown in FIG. 5(b), a first
interval can be an interval 526 measured from the peak 508
to the peak 510. A first interval can also be an interval 528
measured from the peak 510 to the peak 512. In another
example shown in FIG. 5(d), a first interval can be an
interval 530 measured from the peak 520 to the peak 522. A
first interval can also be an interval 533 measured from the
peak 522 and to the peak 524. With respect to the expres-
sions (a)-(b), a plurality of first intervals for an EKG signal
can be expressed in vector form as:

Ty =ty tip . .ty where t; =to,~1;;; and 1<isN. (b)

[0054] At step 308, the method includes determining a
second interval between two successive first intervals. In
one embodiment, the interval determination module 116 can
determine the first interval and the second interval. In one
example, the second interval is an interval, or a difference,
between successive R-R intervals. For example, a second
interval can be the difference between the absolute value of
a first R-R interval and the absolute value of a second R-R
interval, where the second R-R interval is the next succes-
sive R-R interval to the first R-R interval. With reference to
FIG. 4(b), the second interval can be a difference between
the interval 420 and the interval 422. In another example
shown in FIG. 5(b), the second interval can be a difference
between the interval 526 and the interval 528. In a further
example shown in FIG. 5(d), the second interval can be a
difference between the interval 530 and the interval 533. It
is understood that a signal can include a plurality of second
intervals defined by a plurality of first intervals. With respect
to expressions (a)-(b), this difference can be expressed in
vector form as:

Do=hatbys. . by where b =|t,;]-[t,; | and
2sisN. ©

[0055] At step 310 the method includes calculating a
derivative based on the second, interval. In one embodiment,
the derivative calculation module 118 is configured to cal-
culate the derivative. The derivative can be calculated as the
second interval divided by the period of time. With respect
to expressions (a)-(c), the derivative can be expressed in
vector form as:

@

b
2 ad2=isN.

T3 =132, 133, 13; Where 13; =
fo; —Toi-2

[0056] At step 312, the method includes identifying
changes in the body state based on the derivative. The
identification module 122 can be configured to manipulate
the data from expressions (a)-(d) in various ways to identify
patterns and metrics associated with the body state. In one
embodiment, identifying the changes in the body state
further includes extracting a series of contiguous heart rate
accelerations or decelerations based on the derivative. For
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example, Table 1, shown below, is populated with data from
expressions (a)-(d). Heart rate acceleration or decelerations
can be extracted from Table 1.

TABLE 1

Derivation of the first derivative of heart rate
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(T,) of the heart rate. The sign of the derivative indicates
whether the heart rate is accelerating or decelerating. Where
the sign of the derivative is the same for a given number of
successive derivatives (T;), contiguous periods of heart rate
acceleration or deceleration can be identified. The contigu-
ous periods of heart rate acceleration or deceleration can
correlate to a change in a body state. In particular a series of

i To T, T, T; contiguous heart rate accelerations and a series of contigu-
0 t NA NA ous heart rate decelerations correlate to bursts of sympa-
1 t) t; -t NA thetic (S) and parasympathetic (PS) activity respectively.
Thus, by sorting and flagging contiguous time periods of
2 E Lot Botlmtmtl e -] - -l heart rate acceleration and deceleration, body state changes
A associated with bursts of S and PS activity can be identified.
3 t3 -t M -tl- -t [t = ta] = Itz = ti] [0058] In another embodiment, identifying changes in the
ts—1 body state further includes calculating a threshold based on
a count of the contiguous heart rate accelerations or decel-
erations in a particular series. For example, a threshold of 7
is associated with 7 contiguous heart rate accelerations or
[0057] More specifically, the data from Table 1 can be decelerations. Table 2, shown below, is a table of thresholds
sorted and flagged according to the sign of the derivative extracted and flagged from Table 1.
TABLE 2
Thresholds
Sign

i T, T, T, T T, 2 3 4 5 6 7 8 9 10 11 12 13 14

0t NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

1ty t,; NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

26 t, bo o 1+ - - - - - - - - - - - -

3t ot b ts 1+ - - - - - - - - - - - -

4ty ta ba g -1 + - - - - - - - - - - - -

S5t tys bs fas -1 + - - - - - - - - - - - -

6t te bLe U 1 - - - - - - - - - - - - -

Tt t7 b to -1 - - - - - - - - - - - - -

8ty tg fg tis 1 - - - - - - - - - - - - -

9ty tye tho ft39 -1 + + - - - - - - - - - - -

10t tiwo B0 10 -1 + + - - - - - - - - - - -

Wty ty b G -1 + + - - - - - - - - - - -

12t tp b b 1 + + - - - - - - - - - - -

B3ty tys by 33 1 + + - - - - - - - - - - -

4ty tiw b B 1 + + - - - - - - -

5t tus bus fs -1 - - - - - - - - - - - - -

16 tis t1s t16 316 1 + + + + + + + + + + + + +

Tty tyr b t3a7 1 + + + + + + + + + + + + +

Bty ts ts s 1 + + + + + + + + + + + + +

19ty te b ta1e 1 + + + + + + + + + + + + +

20 tyo t120 tr20 13,20 1 + + + + + + + + + + + + +

21ty ty o toor 3o 1 + + + + + + + + + + + + +

22ty ty 2 Bty 1 + + + + + + + + + + + + +

23ty b Ba U323 1 + + + + + + + + + + + + +

24 tyy ty o4 b2 1324 1 + + + + + + + + + + + + +

25 ths t a5 T oas 03 as 1 + + + + + + + + + + + + +

26 tyg ti 26 226 13,26 1 + + + + + + + + + + + + +

27 tyy tyo7 b7 t327 1 + + + + + + + + + + + + +

28 thg t1 25 tr s t3,28 1 + + + + + + + + + + + + +

29 thg t1 o9 b e f3 20 1 + + + + + + + + + + + + +

30 tyy tiag tae taao -1 + + + + + - - - - - - - -

31 3y tiar toar taan -1 + + + + + - - - - - - - -

32t t 3 oy tya -1 + + + + + - - - - - - -

33 63 t 3 boa a3 -1 + + + + + - - - - - - - -

34 tyy ty a3y thag t33a -1 + + + + + - - - - - - - -

35 t3s t a5 b5ty 35 -1 + + + + + - - - - - - - -

36 tis tas tas fa 36 1 - - - - - - - - - - - - -

3Tty ta b iy -l + - - - - - - - - - -

|
—
|
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[0059] In one embodiment, the method can include gen-
erating a graphic representation of changes in a body state
based on the derivatives, the thresholds and/or contiguous
sets of the derivatives and the thresholds. It is appreciated
that various graphic representations of the above mentioned
data (e.g., expressions (a)-(d)) can be generated to facilitate
identification of changes in a body state and analysis of
transitions from one body state to another body state. FIGS.
8-10 illustrate non-limiting examples of said graphic repre-
sentations. Specifically, FIGS. 8 illustrate a plot of the
derivative T3 for each one of the cardiac cycles against a set
of time intervals. In FIG. 8, at low thresholds (i.e., below 7)
changes in T, do not distinguish between a first body state
(<60 minutes) and a second body state (t>60 minutes.
However, as shown in FIG. 9, at high thresholds (i.e., above
7) changes in T, produces considerable modulation between
the first body state and the second body state. Therefore,
higher thresholds (i.e., longer periods of contiguous accel-
eration or deceleration) correlates with prominent occur-
rences of sustained S and PS activity which can be indicative
of a change in a body state.

[0060] In another embodiment, identifying a transition in
a body state further includes generating a graphic represen-
tation illustrating at least one set of contiguous derivatives
having the same sign, where the set of contiguous deriva-
tives indicates a transition in the body state. It is appreciated
that the graphical representation can also illustrate more than
one set of contiguous derivatives, for example, a first set of
contiguous derivatives having the same sign and a second
set of contiguous derivatives having the same sign. FIG. 10
illustrates a cluster plot of contiguous accelerations 1002 (S
pole) and contiguous decelerations 1004 (PS pole). The
contiguous groupings are determined based on the sign of
the derivative T;. As a transition or change in a body state
increases, the distance between the centers of the two
clusters 1002, 1004 (i.e., inter-pole distance 1006) increases.
In a further embodiment, a transition or a change in a body
state can be determined as a function of a plurality of
inter-pole distances over a period of time. It is appreciated
that the graphic representations discussed here in, as well as
the data contained in said graphic representations (e.g.,
thresholds, contiguous sets of derivatives), shown in FIGS.
8-10 can be analyzed and interpreted in other manners to
identify a transition or a change in a body state.

[0061] Referring again to FIGS. 1 and 3, another embodi-
ment includes a non-transitory computer-readable medium
storing computer-executable instructions that when
executed by a computer, for example, a computing device
101 which includes a processor 102, causes the computer to
perform the method of FIG. 3. Computer-readable medium,
as used herein, refers to a medium that stores signals,
instructions and/or data. A computer-readable medium may
take forms, including, but not limited to, non-volatile media,
and volatile media. Non-volatile media may include, for
example, optical disks, magnetic disks, and so on. Volatile
media may include, for example, semiconductor memories,
dynamic memory, and so on. Common forms of a computer-
readable medium may include, but are not limited to, a
floppy disk, a flexible disk, a hard disk, a magnetic tape,
other magnetic medium, a compact disc, other optical
medium, a Random Access Memory (RAM), a Read Only
Memory (ROM), a memory chip or card, a memory stick,
and other media from which a computer, a processor or other
electronic device can read.
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[0062] Referring again to FIG. 3, which is described in
detail above, the method includes at step 302, receiving,
using at least the processor 102, a signal indicating a
measurement of cardiac activity of an individual over a
period of time. At step 304, the method includes detecting,
using at least the processor 102, a signal feature, wherein the
signal feature is a reoccurring event of the signal over a
period of time. At step 306, the method further includes
calculating, using at least the processor 102, a first interval
between two successive signal features and at step 308, a
second interval between two successive first intervals. At
step 310, a derivative is calculated, using at least the
processor 102, based on the second interval. At step 312,
changes in a body state are identified, using at least the
processor 102, based on the derivative. Identifying the
changes in the body state further includes extracting a series
of contiguous heart rate accelerations or decelerations based
on the derivative. The series of contiguous heart rate accel-
erations or decelerations can correlate to changes in the body
state.

[0063] It will be appreciated that various modifications of
the above-disclosed and other features and functions, or
alternatives or varieties thereof, may be desirably combined
into many other different systems or applications. Also that
various presently unforeseen or unanticipated alternatives,
modifications, variations or improvements therein may be
subsequently made by those skilled in the art which are also
intended to be encompassed by the following claims.

1. A computer-implemented method for determining
changes in a body state of an individual, comprising:

receiving a signal from a monitoring system, said signal

indicating a measurement of cardiac activity over a
period of time;

determining at least one signal feature, wherein the signal

feature is a reoccurring event of the signal over the
period of time;

determining a first interval between two successive signal

features,

determining a second interval between two successive

first intervals;

calculating a derivative based on the second interval; and

identifying changes in the body state based on the deriva-

tive.

2. The computer-implemented method of claim 1,
wherein the signal is measured by a contactless sensor.

3. The computer-implemented method of claim 2,
wherein the signal is one of an electric signal, an acoustic or
an optical signal representing the measurement of cardiac
activity.

4. The computer-implemented method of claim 1,
wherein the signal feature is a peak of the signal.

5. The computer-implemented method of claim 1,
wherein the signal is an electrocardiogram signal and the
signal feature is an R wave of the electrocardiogram signal.

6. The computer-implemented method of claim 1,
wherein identifying changes in the body state based on the
derivative further includes extracting a series of contiguous
heart rate accelerations or decelerations based on the deriva-
tive.

7. The computer-implemented method of claim 6,
wherein the series of contiguous heart rate accelerations or
decelerations correlate to a change in a body state.

8. The computer-implemented method of claim 6,
wherein identifying changes in the body state based on the
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derivative further includes calculating a threshold based on
a count of the contiguous heart rate accelerations or decel-
erations in the series.

9. The computer-implemented method of claim 7,
wherein identifying changes in the body state based on the
derivative further includes generating a graphic representa-
tion and identifying changes in the body state as a function
of the graphic representation.

10. A computer-implemented method for analyzing tran-
sitions in a body state, comprising:

receiving a signal from an individual indicating a mea-

surement of cardiac activity over a period of time;
calculating a derivative of a heart rate based on a reoc-
curring feature of the signal;

extracting a plurality of heart rate accelerations or decel-

erations based on the derivative; and

identifying a transition in the body state based on the

plurality of heart rate accelerations or decelerations.

11. The computer-implemented method of claim 10, fur-
ther including transmitting the signal from a monitoring
system associated with the individual, wherein said signal is
one of an electrical signal, an acoustic signal or an optical
representing the measurement of cardiac activity.

12. The computer-implemented method of claim 11,
wherein receiving a signal further includes processing the
signal into a plurality of waveforms, each one of said
waveforms indicating a heart beat.

13. The computer-implemented method of claim 10,
wherein calculating the derivative further includes determin-
ing a first interval between two successive features for each
one of the heart beats.

14. The computer-implemented method of claim 13,
wherein calculating the derivatives further includes deter-
mining a second interval between two successive first inter-
vals.

15. The computer-implemented method of claim 10,
wherein a sign of the derivative indicates a heart rate
acceleration or deceleration.

16. The computer-implemented method of claim 10,
wherein identifying a transition in the body state further
includes generating a graphical representation illustrating a
first set of contiguous derivatives having a same sign and a
second set of contiguous derivatives having a same sign, and
identifying the transitions in the body state as a function of
a distance between the first set of contiguous derivatives and
the second set of contiguous derivatives.

17. The computer-implemented method of claim 16,
wherein a set of contiguous derivatives having a negative
sign correlates to a burst of sympathetic activity and having
a positive sign correlates to a burst of parasympathetic
activity.

18. A computer system for determining changes in a body
state of an individual, comprising:

a monitoring system configured to monitor cardiac activ-

ity; a signal receiving module configured to receive a
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signal from the monitoring system, said signal repre-
senting a measurement of cardiac activity over a period
of time;

a feature determination module configured to determine a
signal feature, wherein the signal feature is a reoccur-
ring event of said signal over the period of time;

an interval determination module configured to determine
a first interval between two successive signal features
and a second interval between two successive first
intervals;

a derivative calculation module configured to calculate a
derivative of a heart rate based on the second interval;
and

an identification module configured to identify changes in
the body state based on the derivative.

19. The computer system of claim 18, wherein the moni-
toring system further includes a plurality of contactless
sensors for monitoring cardiac activity of the individual.

20. The computer system of claim 18, wherein the signal
is one of an electrical signal, an acoustic signal or an optical
signal representing the measurement of cardiac activity.

21. The computer system of claim 18, the identification
module further configured to extract a series of contiguous
heart rate accelerations or decelerations based on the deriva-
tive.

22. The computer system of claim 21, wherein the series
of contiguous heart rate accelerations or decelerations cor-
relate to a change in a body state.

23. A non-transitory computer-readable medium storing
computer-executable instructions that when executed by a
computer, which includes at least a processor, cause the
computer to perform a method, the method comprising;

receiving, using at least the processor, a signal indicating
a plurality of cardiac cycles of an individual over a
period of time;

detecting, using at least the processor, a signal feature,
wherein the signal feature is a reoccurring event of the
signal over the period of time;

calculating, using at least the processor, a first interval
between two successive signal features;

calculating, using at least the processor, a second interval
between two successive first intervals;

calculating, using at least the processor, a derivative based
on the second interval; and

identifying, using at least the processor, changes in a body
state based on the derivative.

24. The non-transitory computer-readable medium of
claim 23, wherein identifying changes in the body state
based on the derivative further includes extracting a series of
contiguous heart rate accelerations or decelerations based on
the derivative.

25. The non-transitory computet-readable medium of
claim 24, wherein the series of contiguous heart rate accel-
erations or decelerations correlate to changes in the body
state.
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