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METHOD, APPARATUS AND SYSTEM FOR
DETERMINING A HEALTH RISK USING A
WEARABLE HOUSING FOR SENSORS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims the benefit under 35
U.S.C. §119(e) of prior-filed co-pending provisional appli-
cation 61/802,403, filed Mar. 16, 2013, the disclosure of
which is hereby incorporated by reference herein.

FIELD OF THE DISCLOSURE

[0002] This disclosure relates to determining health risks,
and more specifically to a method, apparatus, and system for
determining a health risk and providing using a wearable
housing, such as a helmet, for sensors.

BACKGROUND

[0003] There have been many advancements in the area of
wearable protection systems, such as helmets. Most of the
advancements have been focused improvement of the mate-
rials for protecting against impact forces. A few designers
have attempted to implement some electronics into helmets.
However, these attempts fail to provide robust information
with regard to detection and/or warning of health risks. The
state-of-the-art lacks an eflicient and innovative means for
providing sufficient complex information regarding detec-
tion, assessing, predicting, and/or analyzing health risks
based upon circumstances surrounding a person using wear-
able protection systems.

[0004] The present disclosure is directed to addressing
and/or at least reducing one or more of the problems or
issues identified above.

SUMMARY OF THE DISCLOSURE

[0005] In some embodiments, a method is provided for
determining a health risk using a wearable housing. A sensor
array comprising a plurality of sensors detects a kinetic
signal. A kinetic index is determined based upon the kinetic
signal. A determination is made as to whether the kinetic
index is indicative of an impact force that is above a
predetermined threshold. A responsive action is performed
as a result. The responsive action includes at least one of
providing a warning, logging data associated with the
impact force, and/or performing a counteraction.

[0006] In other embodiments, an apparatus determining a
health risk using a wearable housing is provided. The
apparatus may comprise plurality of sensors configured to
detect a kinetic signal. The plurality of sensors is arranged
into a wearable housing. The apparatus also comprises a
controller operatively coupled to the plurality of sensors.
The controller is configured to: receive a kinetic signal from
at least one of the plurality of sensors; determine whether a
directional component, a magnitude component, a location
component, or a duration component of the kinetic signal
respectively exceeds a corresponding directional threshold,
a magnitude threshold, a location threshold, or a duration
threshold; and perform a responsive action in response to a
determination that at least one of the directional component,
the magnitude component, the location component, or the
duration component of the kinetic signal exceeds a corre-
sponding directional threshold, magnitude threshold, loca-
tion threshold, or the duration threshold. The responsive
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action comprises at least one of providing a warning, log-
ging data associated with the impact force, and/or perform-
ing a counteraction.

[0007] In some embodiments, a system for determining a
health risk using a wearable housing is provided. The system
comprises a housing. The housing comprises a plurality of
sensors configured to detect configured to detect signals,
e.g., body signals, kinetic signals, etc. The plurality of
sensors is arranged into the housing. The housing also
comprises a controller operatively coupled to the plurality of
sensors. The controller is configured to: receive a signal
from at least one of the plurality of sensors; determine a
kinetic index based upon the signal; determine whether there
is a health risk based upon the kinetic index; and perform a
responsive action in response to the health risk. The respon-
sive action comprises at least one of providing a warning,
logging data associated with the health risk, and/or perform-
ing a counteraction. The system also comprises a base
station operatively coupled to the housing. The base station
is adapted to receive the warning and/or log the data
associated with the health risk.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The disclosure may be understood by reference to
the following description taken in conjunction with the
accompanying drawings, in which like reference numerals
identify like elements, and in which:

[0009] FIG. 1 shows a stylized side view depiction of an
array of sensors, in accordance with some embodiments.
[0010] FIG. 2 shows a stylized top view of the sensor
arrangement, in accordance with some embodiments.
[0011] FIG. 3 shows a stylized depiction of a controller of
FIG. 1, in accordance with some embodiments.

[0012] FIG. 4 shows a stylized depiction of the data
processing unit of FIG. 3, in accordance with some embodi-
ments.

[0013] FIG. 5 shows a stylized depiction of another
arrangement of sensors, in accordance with some embodi-
ments.

[0014] FIGS. 6A and 6B show a stylized depiction of a
3-dimensional array of sensors, in accordance with some
embodiments.

[0015] FIG. 7 shows a stylized depiction of a sensor
matrix, in accordance with some embodiments.

[0016] FIG. 8 shows a stylized depiction of a system, in
accordance with some embodiments.

[0017] FIG. 9 shows a stylized depiction a helmet, in
accordance with some embodiments.

[0018] FIG. 10 shows a stylized depiction flap connector
of FIG. 8, in accordance in accordance with some embodi-
ments.

[0019] While the disclosure is susceptible to various modi-
fications and alternative forms, specific embodiments
thereof have been shown by way of example in the drawings
and are herein described in detail. It should be understood,
however, that the description herein of specific embodiments
is not intended to limit the disclosure to the particular forms
disclosed, but on the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling within
the spirit and scope of the disclosure as defined by the
appended claims.
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DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

[0020] Illustrative embodiments of the disclosure are
described herein. For clarity, not all features of an actual
implementation are described. In the development of any
actual embodiment, numerous implementation-specific
decisions must be made to achieve design-specific goals,
which will vary from one implementation to another. Such
a development effort, while possibly complex and time-
consuming, would nevertheless be a routine undertaking for
persons of ordinary skill in the art having the benefit of this
disclosure.

[0021] Embodiments disclosed herein provide for one or
more sensors that may be positioned into a housing such as
a helmet, or on an apparel of a person, e.g., a space suit,
clothing, sports uniforms, workout apparel, etc. Data from
the one or more sensors may be used to determine whether
a kinetic event of sufficient magnitude has taken place. If a
determination is made that a kinetic event has taken place,
a responsive action may be taken. The responsive action
may include providing a warning of a health event or risk
(e.g., occurrence of a concussion or risk of a concussion),
logging pertinent data surrounding the circumstances of the
health event or risk, and/or performing a counteraction (e.g.,
providing a therapeutic electrical signal, counteracting an
impact force in real time or near real time, etc.).

[0022] In one embodiment, a plurality of sensors orga-
nized in a matrix for example, and arranged onto clothing,
object, and/or a housing, such as a helmet. The sensors may
provide cardiac, respiratory, and/or neurological data. The
sensor may provide kinetic data experienced by a person’s
body. The acquired data may be processed to determine if an
injury has occurred or whether a risk or probability of an
injury exists. Based upon these determinations, a responsive
action may be taken, such as providing a warning, providing
an assessment of a health risk, logging data associated with
the injury, and/or providing a therapy. In alternative embodi-
ments, a single sensor may be used to acquire data and
determine risk of injury.

[0023] Turning now to FIG. 1, a stylized side view depic-
tion of one an array of sensors, in accordance with some
embodiments, is illustrated. An array of sensors (e.g., accel-
erometers) 120 maybe placed as an array in a flexible
material/medium 100. In other embodiments, the sensors
120 may be other body sensors that may be capable of
sensing various body signals of a person. The sensors 120
may be capable of sensing body signals, such as cardiac
signals, neurological signals, respiratory signals, etc. In
some embodiments, the sensors 120 may reside within a
wearable structure, such as a helmet, a padding (knee pad),
a brace (e.g., knee brace), a clothing item, a belt, etc. each
comprising electronics, to process the signals and provide
for communications. In other embodiments, the sensors 120
may reside external to the wearable structure, wherein the
wearable structure may comprise circuitry to process the
signals and facilitate communications (wired or wireless)
between the sensors and the wearable structure.

[0024] In some embodiments, the sensors 120 may com-
prise one or more kinetic sensors that are capable of detect-
ing a variety of type of kinetic signals. The sensor 120 may
be an accelerometer, an inclinometer, a gyroscope meter,
and/or any type of sensor capable of detecting movement or
force. In an alternative embodiment, a single sensor may be
used. In one embodiment, a single sensor 120 may be placed
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on a medium 100. In other embodiments a plurality of
sensors 120 may be positioned on the medium 100. The
medium 100 may be of various types of materials, e.g., a
foam material, a gel-type material, other natural and/or
chemically derived materials, etc. The sensors 120 may be
interconnected by wired connection, or by wireless (e.g.,
radio-frequency (RF), microwave, Bluetooth, cellular com-
munication, Wi-Fi, etc.) connections. In other embodiments,
each sensor 120 may be separately connected to another
device, such as a controller 110. One or more of the set of
sensors 120 (“sensor set”) being aflixed to the medium 100
may be configured as electrodes, which could be placed in
a variety of locations, e.g., inside a sports helmet. In some
embodiments, one or more sensors 120 may reside in the
facemask or other portions of a sports helmet.

[0025] The sensors 120 may be operatively coupled to the
controller 110. In one embodiment, the controller 110 may
also be affixed to the medium 100. The sensors 120 may be
in communication with the controller 110 using wired or
wireless connections. The controller 110 is capable of con-
trolling operations of the sensors 120. Signals sensed by the
sensors 120 may be processed by the controller 110. More-
over, various responsive actions may be taken by the con-
troller 110, including providing a warning, logging a sensed
event (e.g., a high impact event, occurrence of a risk of
health, etc.), including a location of the event, direction of
the impact, etc.), and/or providing a therapeutic electrical
signals.

[0026] The medium 100, the sensor(s) 120, and the con-
troller 110 may be part of a medium assembly 50. In one
embodiment, a housing (e.g., helmet) may be designed to
house the medium assembly 50. The housing may comprise
a one or more output devices that may provide a message
regarding a health risk determined by the controller 110. The
output device may comprise a visual output device (e.g., an
LED display), an audio output device (e.g., a speaker),
and/or a mechanical output device (e.g., a vibration output
device). The output devices may be activated by the warning
unit 280. In other embodiments, the medium assembly 50
(including the medium 100, the sensor(s) 120, the controller
110) may be housed in a knee brace, an elbow brace, an
ankle brace, a wrist brace, an apparel, such as a T-shirt,
shorts, etc., shoes, etc.

[0027] FIG. 2, illustrates a stylized top view of the sensor
arrangement, in accordance with some embodiments. As
exemplified in FIG. 2, the sensors 120 are arranged in an
exemplary matrix format. However, other sensor arrange-
ments may be used and remain within the spirit and scope of
embodiments herein. The sensor arrangement of FIG. 2 may
represent a two-dimensional array or matrix of sensors, or in
another embodiment, may represent a three-dimensional
array or matrix of sensors. The operations of the sensors 120
may be coordinated in some embodiments. For example, the
timing of data acquisition using the sensors 120 may be
controlled by the controller 110. Further, as a force moves
across the array of sensors 120, the controller may use the
timing of the sensed data to determine the direction of the
movement of the force to determine the direction and/or
magnitude of the force sensed by the sensors 120. In one
embodiment, a two-dimensional assessment of the force
movement or force vector may be made based upon data
from the sensors 120. In other embodiments, a three-dimen-
sional assessment of the force movement or force vector
may be made based upon data from the sensors 120.
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[0028] Turning now to FIG. 3, a stylized block diagram
depiction of the controller of FIGS. 1 and 2, in accordance
with some embodiments herein, is illustrated. The controller
110 may comprise a processor 210, a power supply 230, a
memory 220, a data processing unit 250, a communications
unit 240, and a sensor control unit 260. The processor 210
may interface with the memory 220 to perform various
lookup functions. The processor 210 may facilitate the
communications between the sensors 120 and the controller
110.

[0029] The processor 210 may comprise one or more
microcontrollers, microprocessors, etc., capable of perform-
ing various executions of software and/or firmware compo-
nents. The memory 220 may comprise various memory
portions where a number of types of data (e.g., internal data,
external data instructions, software codes, status data, diag-
nostic data, etc.) may be stored. The memory 220 may
comprise one or more of random access memory (RAM),
dynamic random access memory (DRAM), electrically eras-
able programmable read-only memory (EEPROM), flash
memory, etc. In one embodiment, a memory 220 may be
separate from, but communicatively coupled to the control-
ler 210.

[0030] The power supply 230 may provide power for the
controller 110 and/or to the sensors 120. In one embodiment,
the power supply may be a battery. In other embodiments,
power supply 230 may receive power wirelessly, e.g., induc-
tive coupling, capacitive coupling, RF coupling, microwave
coupling, etc. The power supply 230 may comprise a power
source that in some embodiments may be rechargeable. In
other embodiments, a non-rechargeable power source may
be used. The power supply 230 provides power for the
operation of the medium 100, including electronic opera-
tions and the electrical signal generation and delivery func-
tions. The power supply 230 may comprise a lithium/thionyl
chloride cell or a lithium/carbon monofiuoride (LiCFx), or
may comprise conventional watch batteries or 9 Volt bat-
teries. Other battery types known in the art may also be used.
[0031] The communications unit 240 provides for com-
munications between the sensors 120 and the controller
and/or communication between the controller 110 and an
external base unit (e.g., a hand-held device, computer,
cellphone, tablet computer, laptop computer, desktop com-
puter, specialized console, etc.).

[0032] The controller 110 may also comprise a data pro-
cessing unit 250. The data processing unit 250 may be
adapted to, and/or capable of, collecting data relating to the
body of a patient. Such data may be obtained using electri-
cal, chemical, optical, biophotonic, acoustic (e.g., ultra-
sound), thermal sensors, pressure sensors, bioassays, chemi-
cal methods, imaging technology and/or motion sensors in
any useful combination (these measurements may be per-
formed at one or multiple spatial scales simultaneously or
sequentially (e.g., multiplexing) and include but are not
limited to: 1. Neurologic data such as neuronal electrical
activity, neurotransmitter concentrations and their rate(s) of
release and uptake, Kreb’s and other cycle compounds, other
chemical compounds (e.g., electrolytes, tissue stress mark-
ers), CSF and brain tissue pressure, temperature, and/or
kinematic/kinetic activity, including but not limited to pos-
ture and fine motor movements among others using imaging
techniques (e.g., video), accelerometers, inclinometers, acti-
graph devices, and/or the like; la. Level of consciousness
and/or cognitive signals (e.g., attention, reaction time,
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memory, etc.), neurological tests administered manually
and/or automatically for qualitative or quantitative analyses;
2. Cardiac signals (e.g., as discussed above); 3. Body fluids
signals including, but not limited to, those that may recorded
using pressure, flow velocity and degree of laminarity (or
turbulence) (e.g., Doppler), temperature, pH, chemical
makeup (e.g., electrolytes, enzymes, tissue stress markers,
anti-oxidants, gases); 4. Respiratory rate, pattern, tidal vol-
ume, and/or degree of activity of principal and/or accessory
respiratory muscles to compute, for example, ratios (e.g.,
abdominal wall motion/thoracic wall motion, end tidal
CO,); 5. Endocrine indices (e.g., as discussed above); 6.
Metabolic parameters (e.g., as discussed above); and 7.
Kinetic data (e.g., as discussed above). This list is not
exclusive, and the data processing unit 250 may collect
additional data not listed herein, that would become appat-
ent to one of skill in the art having the benefit of this
disclosure.

[0033] The data processing unit 250 may perform various
processing of data from the sensors 120. The processing may
include buffering, filtering, performing digital signal pro-
cessing (DSP), calculating force (magnitude and/or direc-
tion) detected by the sensors 120. The data processing unit
250 may include various amplifier(s) 320, one or more A/D
converters 330 and/or one or more buffers 340 or other
memory (not shown). In one embodiment, the amplifier(s)
320 may be adapted to boost and condition incoming and/or
outgoing signal strengths for body signals, e.g., from the
sensors 120. The A/D converter(s) 330 may be adapted to
convert analog input signals from the body data unit(s)/
module(s) into a digital signal format for processing by
controller 110 (and/or processor 210). A converted signal
(e.g., a digital representation of the body signal) may also be
stored in one or more buffer(s) 340, a body data memory
350, or some other memory internal to a housing structure
capable of housing the medium 100. The buffer(s) 340 may
be adapted to buffer and/or store signals received sensors
120.

[0034] The controller 110 may also comprise a sensor
control unit 260. The sensor control unit 260 may control the
operations of the sensors 120. The sensor control unit 260 is
adapted to control one or more operations of the sensors 120.
The sensor control unit 260 may control the activation,
deactivation, on-off timing, etc. of the sensors 120. The
sensor control unit 260 may react to prompts from the
processor 210, and or from external sources via the com-
munications unit 240.

[0035] The controller 110 may also comprise a logging
unit 270 that may log various events and their circum-
stances. For example, if a force above a predetermined
threshold is detected by the sensors 120, the details regard-
ing the detected force, the time and date, the environmental
conditions, and/or other data may be logged for analysis.
Alternatively, such data may be logged as well as transmit-
ted to an external device via the communications unit 240.

[0036] The controller 110 may also comprise warning unit
280 capable of providing a warning based upon data from
the sensors 120. For example, if a force above a predeter-
mined threshold (e.g., magnitude, direction, time period, etc.
of the force) is detected by the sensors 120, a warning may
be provided by the warning unit 280. The warning may
comprise at least one of a message sent electronically, an
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audible warning, and a visual warning (e.g., turning on a
light, activating an LED, message using an LCD display,
etc.).

[0037] The controller 110 may also comprise a counter-
action unit 290. The counteraction unit 290 may prompt one
or more counter action in response to a force above a
predetermined threshold is detected by the sensors 120. For
example, the counteraction may comprise at least one of
deploying a flap from a helmet to counteract the detected
force, activating a small air bag device to counteract the
force near the location of an impact, activating a mechanical
device configures to at least partially counteract the detected
force. The counteraction may not only be response to the
magnitude of the force, but it may be responsive to the force
vector or direction.

[0038] In other embodiments, the counteraction unit 290
may be capable of delivering a therapeutic electrical signal
to provide a therapy for an injury. For example, if the
medium assembly 50 may be capable of determining that an
injury has occurred based upon a detected body signal
related to a force experienced by a person wearing a housing
containing the medium assembly 50. Based upon the deter-
mination than an injury has occurred, the medium assembly
50 may deliver an electrical signal to treat the injury. For
example, if the medium assembly 50 determines that a
concussion has occurred, the medium assembly 50 may
provide an electrical signal to a portion of the injured
person’s head to treat the concussion. The medium assembly
50 may determine the location of the injury based upon the
sensor array data and target the delivery of the electrical
signal accordingly. In some embodiment, one or more
sensors 120 may be electrodes capable of delivering an
electrical signal. In other embodiment, one or more sensors
120 may be capable of performing a sensing function as well
as an electrode signal delivery function. One or more of the
blocks illustrated in the controller 110 of FIG. 3 may include
or may be comprised of hardware, software, firmware, or
any combination thereof.

[0039] Turning now to FIG. 5, a stylized depiction of
another arrangement of sensors, in accordance with some
embodiments, is illustrated. As exemplified in FIG. 4, a
plurality of layers of sensors 120 may be placed onto the
medium 100. The plurality of layers of sensor 120 arranged
in a matrix fashion provides for a 3-dimensional matrix of
sensors 120. In one embodiment, a first layer of sensors 120
may be arranged above a second layer of sensors 120, which
in turn, may be arranged above a third layer of sensors 120,
and so on to an n” layer of sensars 120. In one embodiment,
the first through n™ layer of sensors 120 may be arranged
directly above one another. In other embodiments, the first
through n” layer of sensors 120 may be arranged such that
one or more layers of sensors 120 are offset or staggered
relative to other layers of sensors 120. In some embodi-
ments, the medium may be sufficiently thick to house a
plurality of sensors layers. In other embodiments, one or
more layer below the first layer of sensors may be connected
directly to the sensors in the above sensor layers and may not
be entirely housed in the medium 100.

[0040] FIGS. 6A and 6B illustrate exemplary configura-
tions for arranging a plurality of sensors in accordance with
some embodiments herein. FIGS. 6A and 6B provide exem-
plary 3-dimensional matrices of sensors 120. FIG. 6A illus-
trates a first geographical sensor arrangement for providing
3-dimensional indication of a kinetic signal. The arrange-
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ment exemplified in FIG. 6A provides for a relatively
narrower portion of a matrix near the top and progressively
expanding wider near the bottom. This arrangement may be
used for a helmet, where the area at the top of the head
contains a narrower matrix of sensors/electrodes, while the
arrangement expands wider to conform to the geometry of
the helmet.

[0041] FIG. 6B illustrates a second geographical sensor
arrangement for providing 3-dimensional indication of a
kinetic signal. In this exemplary arrangement, a more trian-
gular arrangement is provided. One exemplary application
of this arrangement is a bicycle helmet arrangement. Those
skilled in the art having benefit of the present disclosure
would appreciate that other configuration may be made for
the sensor arrangement and remain within the spirit and
scope of the present invention. Those skilled in the art would
appreciate that matrices of other shapes and configuration
may also be used while remaining within the spirit and scope
of the embodiments disclosed herein.

[0042] A force vector resulting from an impact upon the
medium assembly 50 may be determined using the 3-di-
mensional matrices exemplified herein. The kinetic signals
sensed by the sensors 120 may be translated into a force
vector. The force vector may provide an indication of the
angle of incidence, the route of the force vector, the mag-
nitude, etc. of a force experienced by a person wearing a
housing (e.g., a helmet) containing the medium assembly 50.
In one embodiment, the force vector may comprise at least
one of a directional component, a magnitude component, a
location component, and/or a durational compornent.
[0043] Insome embodiments, the timing differences in the
signals sensed by various sensors arranged in a matrix may
be used to determine the gradient of the kinetic signal.
Further, the location of the sensor(s) that detect the kinetic
signal may be used determine the direction of and/or loca-
tion of the kinetic signal. Moreover, the amount of time in
which the sensors detect the kinetic signal above a threshold
magnitude may be used to determine time period of a kinetic
event, e.g., an impact. In this manner, the direction of a
force, the location of the force, and a duration of the force
caused by a kinetic event may be determined.

[0044] Further, the direction of a force, the location of the
force, and the duration of the force caused by a kinetic event
may be used to determine a kinetic index, which may
provide an indication of the amount of force experienced by
a person, and/or the injury sustained by the patient. The
kinetic index may be a function of various components of
the kinetic signal sensed by the sensors 120, as indicated in
Equation-1:

Ki~ADsMpL T3 Eq. 1

wherein K; is the kinetic index, D, is the direction of the
kinetic event or force experienced by the wearer of the
medium assembly 50, M, is the magnitude of the force, L,is
the location of the force upon the person’s body at its
greatest magnitude, and T,1s the time period of the kinetic
event or the duration of the existence of the force. The
kinetic index may be used to determine a force gradient or
force vector. The force vector may comprise direction infor-
mation, magnitude information, as well as duration infor-
mation. The kinetic index and/or the force vector may be
used to determine the extent and/or type of an injury
sustained by the person wearing a housing (e.g., a helmet)
containing the medium assembly 50.
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[0045] In some embodiments, a look-up function may be
performed to determine whether the kinetic index is indica-
tive of an injury. The kinetic index may be compared to a
threshold value to determine whether an injury of sufficient
magnitude has occurred, e.g., a concussion. The injury may
be classified, e.g., minor concussion, medium concussion,
severe concussion, etc. The sensors may be triggered to
sense additional body signals, e.g., brain waves, cardiac
signals, respiratory signals, and perform additional determi-
nations of the category, longevity, classification, and/or
severity of the injury. In other embodiments, the additional
analysis of body signals may be used as confirmation of the
determination of the injury. In some embodiments, the
kinetic index and/or other body signals described herein may
be used to perform a prediction function for prediction a
possible health condition or health risk.

[0046] Moreover, additional factors may be used to deter-
mine the kinetic index. For example, a weighting function
for each of the parameters used in Equation 1 may be applied
to determine the kinetic index. For example, a weighting
factor may be applied to the duration, location, and/or
magnitude of the kinetic signal. In some cases, additional
weight may be provided to the location of the kinetic signal,
wherein some portion of the brain is more sensitive or
susceptible to injuries. In this case, a higher weight to the
location of the kinetic signal may be provided. In other
example, additional weight to the magnitude of the force, or
to the direction of the force, may be applicable to determine
the kinetic index. This is exemplified in Equation-2:

KAADs *Wid (MW, [LAW L4, [TW ) Eq.2

wherein Wp,is the weighting factor applied to the direction
of the kinetic event or force, W . is the weighting factor
applied to the magnitude of the force, W, is the weighting
factor applied to the location of the force upon the person’s
body at its greatest magnitude, and Wy is the weighting
factor applied to the time period of the kinetic event or the
duration of the existence of the force.

[0047] Inother embodiments, other factors may be applied
when determining the kinetic index. For example, other
body signals, such as a cardiac index, respiratory index,
and/or neurological index may be added when determining
the cardiac index, respiratory index, and/or neurological
index may be respectively determined using cardiac data
(e.g., heart rate data) respiratory data (e.g., respiratory rate
data), and/or neurological data (e.g., brain wave data). Some
uses of these additional indices are exemplified in Equa-
tion-3 though Equation-6:

KDy Wi MW 7 LA [T ) * Cs Eq.3
KDy Wi [MAW o f LW 1, [T WD) * R Eq.4
KD *Wod MW 4, [LAT 14 [T A * N Eg5

KDy * g MW L LW L [T DIIC,

A Eq.6
wherein C, is the cardiac index, R, is the respiratory index,
and N, is the neurological index. As indicated in Equations
3-6, the value of the kinetic index may be affected by the
cardiac index, respiratory index, neurological index, and/or
a combination of the three indexes. Other body data indices
may also be applied to determine the kinetic index. Further
a safety index may be determined based upon the kinetic
index and/or other body data indices. For example, body
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temperature, oxygen saturation, body chemistry, etc., may
be used to determine the safety index. The responsive action
described may be triggered by the kinetic index and/or the
safety index. In some embodiment, the sensors may acquire
data indicative of the various indexes described above. In
alternative indexes, an external device may be used to
acquire data indicative of the various indexes described
above. For example, an external device comprising one or
more sensors worn on the wrist may be used to acquire data
indicative of the various indexes described above.

[0048] In an alternative embodiment, an additional factors
relating to the number of previous force values may be used
to determine the kinetic index. For example, the number of
previous kinetic indexes above a predetermined threshold
may be taken in to account when determining the present
kinetic index. In some embodiments, one or more compo-
nents of the signal(s) sensed by the sensors 120 may be
analyzed and compared to a corresponding reference or
threshold value. For example, the directional component, the
magnitude component, the location component, and/or the
duration component of the signal from the sensors 120 may
be parsed. These components may then be respectively
compare to a corresponding directional threshold, a magni-
tude threshold, a location threshold, or a duration threshold
to determine whether the signal is indicative of a health risk.
In some embodiments, the location threshold may include
information regarding predetermined location(s) of the brain
that are deemed to be more sensitive to injuries resulting
from impact force. Similar sensitive locations in other
portions of a human body, e.g., portion of a person’s knee,
etc.) may also be used in determining a location threshold.
[0049] Using the number of previous kinetic indexes or
events to determine the current kinetic index is exemplified
in Equation-7:

K= D * W [MAW, J, [LFW 1, [TAWA)* NuK ;3 Eq. 7
NuK=2(K_); Eq. 8

wherein NuK, (i.e., (K, ) represents an accumulated num-
ber of kinetic indexes or kinetic events (1 through n occur-
rences) experienced by a person either to date, or within a
predetermined time period. As an example, the value of the
kinetic index is increased if a person has previously expe-
rienced a kinetic event (e.g., a concussion). Additionally or
alternatively, if a person has previously experienced a
kinetic event the threshold to determine whether a kinetic
index is indicative of a health risk may be lowered. Thus, the
more kinetic events (e.g., concussions) a person has expe-
rienced, the lower the value of the kinetic index that is
required to indicate a health risk.

[0050] Further, in some embodiments, the time elapsed
since the previous kinetic indexes that were above a prede-
termined threshold may be taken in to account when deter-
mining the present kinetic index, as exemplified in Equa-
tion-9:

Ki:f([Dﬁ *WD;]r/Mf* ij],[Lf* Wid, [Z}*WZA)*I/ETQ Eq. 9

wherein E; is the elapsed time that has passed since a
previous kinetic event. The elapsed time, E, may inversely
affect the value of the kinetic index. Therefore, the longer
the elapsed time, E, has passed the last kinetic event (e.g.,
concussion), the lower the kinetic index. Conversely, if the
elapsed time since a previous kinetic event is relatively
small, then a smaller kinetic index is required to trigger a
risk of health warning and/or action. In some embodiments,
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if the user has not experienced a concussion with a second
time window, then a higher threshold may be set for the
kinetic index to trigger a determination of an injury of a
health risk.

[0051] Moreover, the number of previous kinetic events
and the time elapsed may be both included in determining
the kinetic index. For example, if it determined that a user
of the medium assembly 50 has experienced two concus-
sions within a first time window, then a lower threshold may
be set for the kinetic index to trigger a determination of an
injury of a health risk. The use of the elapsed time and the
number of previous kinetic events is exemplified in Equa-
tion-10:

Ky=AUD s Wigd [MAW o (LW [T W) 2K
A*UEg Eq.10

[0052] FIG. 7 illustrates a stylized depiction of a 3-dimen-
sional arrangement of sensors in accordance with some
embodiments herein. FIG. 7 illustrates X-Y-Z coordinate in
relation to a sensor matrix arranged in a 3-dimensional
format. FIG. 7 illustrates a force vector 710 as it travels
through the sensor matrix. The force vector 710 may be
determined by the controller 110 based upon data from the
sensor matrix. In some embodiments, the movement, timing,
magnitude, etc. of the force vector may be used to determine
the amount of kinetic force experienced by a portion of the
user’s body wearing the housing containing the sensor
matrix. For example, the amount of time the force vector
takes to travel from one end of the sensor matrix to the other
end may be used to determine amount of kinetic force
experienced by a portion of the user’s body. The magnitude
and direction of the force vector 710 may also be used to
determine the amount of kinetic force experienced by a
portion of the user’s body. The amount of kinetic force
experienced by a portion of the user’s body may be used to
characterize an injury experienced by the user.

[0053] FIG. 8 illustrates a system for sensing a kinetic
index, in accordance with some embodiments herein. The
system 800 includes a housing, such as a helmet, for housing
the medium assembly 50, an external device 820, and a base
station 810. Referring simultaneously to FIGS. 7 and 8, in
one embodiment, the sensors 120 arranged in the medium
assembly 50 may be installed into a helmet (e.g., a U.S.
football helmet, a hockey helmet, a baseball batter’s helmet,
a race-car driver’s helmet, ski-helmet, a skate-helmet etc.).
In one embodiment, a 3-dimensional sensor matrix arrange-
ment may be installed into the helmet. An impact force on
the helmet may be detected by the sensor matrix. The
direction and the magnitude of the force of the impact may
be determined by the helmet comprising sensor matrix. The
direction of the force may be defined in terms of a 3-di-
mensional axis (x-axis, y-axis, z-axis), wherein three differ-
ent angles of the force vector, may be determined.

[0054] In one embodiment, a medium assembly 50 com-
prising the sensor matrix may be installed into a U.S.
football helmet, as exemplified in FIG. 8. FIG. 8 shows a
system in which a helmet comprising the sensor matrix in
communication with a base station. Upon an impact on the
helmet, a force vector exemplified in FIG. 7 may appear. In
some embodiments, sensors or sensor matrices may be
placed in the facemask of the helmet for additional sensing
data. The sensor matrix may then determine the three-
dimensional definition of the force vector 710. The control-
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ler 110 may then be able to determine whether there is a
health risk due to the magnitude and/or the direction of the
force vector 710.

[0055] The health risk may be defined in terms of an
injury, a degree of the injury, a risk of health problem, a
location of the injury, a probability of an injury, the probably
longevity of the injury, etc. A concussion index may be
determined based upon the health risk, the kinetic index,
and/or the force vector 710. In one embodiment, the con-
cussion index may be based upon the intensity of the injury,
the location and/or the spread of the injury, the impact
duration, and/or the probably longevity of the injury. The
health risk determined by the controller 110 may also be
based upon the probability of certain injuries, e.g., probabil-
ity of concussion, dizziness, brain injury (e.g., traumatic
brain injury), internal hemorrhaging, neck injury, vertebrae
injury, back injury, heat exhaustion, excessive body tem-
perature, etc.

[0056] In one embodiment, information regarding the
force vector 710, the kinetic index, the health risk and/or the
concussion index may be transmitted from the helmet to a
base station 810 (FIG. 7). The base station 810 may be a
computer system comprising communications link (e.g.,
wireless communications) to the helmet. The base station
810 may then compare the magnitude and/or direction of the
force vector 710, the kinetic index, the health risk and/or the
concussion index to corresponding predetermined reference
values, thresholds, and/or reference ranges. The reference
values, thresholds, and/or reference ranges may be numeric-
based, pattern-based, and/or combination of two.

[0057] When the base station 810 determines that the force
vector 710, the kinetic index, the health risk and/or the
concussion index exceeds corresponding reference values,
thresholds, and/or reference ranges, and/or matches a pre-
determined pattern of magnitude and/or direction, a respon-
sive action is taken. The responsive action may include one
or more of providing a warning, logging the event (including
details of the force vector, time and date, etc.), switching on
an indicator (e.g., an LED) on the helmet, and/or disquali-
fying the player wearing the helmet from further action,
and/or providing a therapy. The warning may be provided on
a display 840 affixed to the helmet. The display 840 may be
operatively coupled to the controller 110. In some embodi-
ments, the display 840 comprises an LED display and/or an
LCD display. The display 840 may provide digital messages
and/or color-coded messages, e.g., red for an indication of a
health risk, e.g., concussion. One or more of the actions
taken by the base station 810 may be performed by the
controller 110. In this manner, the location or focus of the
injury may be determined, thereby allowing for faster and
more accurate assessment of a person’s injury. The sensor
matrix is capable of pinpointing the focus of the force on a
person’s body, including the magnitude and direction.
Therefore, faster and more accurate assessment of possible
concussion may be determined. Further, in some embodi-
ments, the sensor matrix may be formed within knee pads,
shoulder pads, wrist supports, etc. Any type of an impact
force other types of forces, such as rotational force on the
knee, may be detected, assessed, and followed up the a
responsive action (treat, log, and/or warn).

[0058] Turning now to FIG. 9, a stylized depiction of a
helmet, in accordance with some embodiments is illustrated.
FIG. 10 illustrates a more detailed depiction of the helmet
prong of FIG. 8, in accordance with some embodiments.
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Referring simultaneously to FIGS. 9 and 10, in one embodi-
ment, a flap 910 may be coupled to a helmet (e.g. a U.S.
football helmet). The coupling of the flap 910 and the helmet
may be may be such that a predetermined degree of move-
ment is allowed between the helmet and the flap 910.
Therefore, a player would be able to move with a significant
degree of freedom. In one embodiment, a sensor matrix
described above may be affixed into the helmet of FIG. 9. In
some embodiments, sensors or sensor matrix may be placed
into the facemask 930. The sensors in the facemask 830 are
operatively coupled to the controller 110, the external device
820, the base station 810, and/or to the other sensors in the
helmet. Upon detecting an impact force, the flap 910 may
become more rigid, such that the freedom of movement of
the neck and head of the player may be diminished, thereby
reducing the likelihood of a more serious injury.

[0059] In one embodiment, upon detection of the impact,
the flap mechanism may stiffen to restrict the movement of
the head and neck. In an alternative embodiment, the flap
connector 910 may be a mechanically driven device. Upon
experiencing force, the flap connector 920, which comprises
a recess to accommodate the helmet prong 1010, may lock
into the helmet prong 1010. This lock action may stiffen the
movement of the flap 910, thereby restricting the movement
of the neck and head of the player, thereby reducing injury
and/or the likelihood of injury. In one embodiment, the distal
end of the flap (from the helmet) may be loosely affixed to
a shoulder pad of the player, therefore, during normal
motion, the player has mobility, but when the flap connector
engages (locks with the helmet prong 1010); movement of
the neck is restricted to prevent injury. The flap 910 may be
positioned strategically to prevent various type of neck
movement that could result in injury.

[0060] The detection systems described in embodiments
described above may be used to not only detect, predict,
and/or prevent injuries; they may also be used to test
wearable housings (e.g., helmets, apparels, paddings, braces,
etc.). Force tests may be performed on wearable housings
containing the medium assembly 50 to determine their
quality (e.g., injury prevention quality) and/or to improve
designs of the wearable housings. For example, tests may be
performed on a U.S. football helmet to design and/or
improve the concussion resistance offered by the helmet.
Based upon tests performed using embodiments described
herein, adjustments to the shock absorption with regard to
targeted locations on the wearable housings may be made as
to increase its resistance to injuries, such as concussions.
[0061] Further, the medium assembly 50 may be placed
into various wearable housings (e.g., helmets) manufactured
by a variety of entities for testing and certification. For
example, a safety-related organization may using the
medium assembly 50 to certify, classify, and/or rank the
safety levels of wearable housing (e.g., helmets) manufac-
tured by a variety of manufacturers. A standard for safety
may be established, and the medium assembly 50 may be
used to perform tests (e.g., drop tests, impact tests, etc.) in
order to certify, classify, and/or rank the wearable housing
based on the standards. Based upon these tests, recommen-
dations may be made as to improvements (e.g., stiffer or
better protection for a back portion of a helmet, etc.) that can
be made to the wearable housings in order to improved
safety and functionality.

[0062] Those skilled in the art having benefit of the
present disclosure would appreciate that the exemplary
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description provided herein was provided for ease of illus-
tration, and that the concepts disclosed herein may be
applied to various contexts. These contexts include, but are
not limited to, helmets of various types, e.g., baseball
helmets, race-car helmets, bicycle helmets, fire-fighter hel-
mets, work-place helmets (e.g., factory helmets, construc-
tion helmets, etc.), military helmets, etc. Further, embodi-
ment herein may be employed in other contexts, such as on
clothing (e.g., sports uniforms, police uniforms, fire-fighter
uniforms, military uniforms), spacesuits, sport equipment
(e.g., shoulder pads, knee pads, elbow pads, etc.).

[0063] Portions of the disclosed subject matter and corre-
sponding detailed description are presented in terms of
software, or algorithms and symbolic representations of
operations on data bits within a computer memory. These
descriptions and representations are the ones by which those
of ordinary skill in the art effectively convey the substance
of their work to others of ordinary skill in the art. An
algorithm, as the term is used here, and as it is used
generally, is conceived to be a self-consistent sequence of
steps leading to a desired result. The steps are those requir-
ing physical manipulations of physical quantities. Usually,
though not necessarily, these quantities take the form of
optical, electrical, or magnetic signals capable of being
stored, transferred, combined, compared, and otherwise
manipulated. It has proven convenient at times, principally
for reasons of common usage, to refer to these signals as
bits, values, elements, symbols, characters, terms, numbers,
or the like.

[0064] It should be borne in mind, however, that all of
these and similar terms are to be associated with the appro-
priate physical quantities and are merely convenient labels
applied to these quantities. Unless specifically stated other-
wise, or as is apparent from the discussion, terms such as
“processing” or “computing” or “calculating” or “determin-
ing” or “displaying” or the like, refer to the action and
processes of a computer system, or similar electronic com-
puting device, that manipulates and transforms data repre-
sented as physical, electronic quantities within the computer
system’s registers and memories into other data similarly
represented as physical quantities within the computer sys-
tem memories or registers or other such information storage,
transmission or display devices.

[0065] Note also that the software implemented aspects of
the disclosed subject matter are typically encoded on some
form of program storage medium or implemented over some
type of transmission medium. The program storage medium
may be magnetic (e.g., a floppy disk or a hard drive) or
optical (e.g., a compact disk read only memory, or “CD
ROM”), and may be read only or random access. Similarly,
the transmission medium may be twisted wire pairs, coaxial
cable, optical fiber, or some other suitable transmission
medium known to the art. The disclosed subject matter is not
limited by these aspects of any given implementation.
[0066] Furthermore, the methods disclosed herein may be
governed by instructions that are stored in a non-transitory
computer readable storage medium and that are executed by
at least one processor of a computer system. Each of the
operations of the methods may correspond to instructions
stored in a non-transitory computer memory or computer
readable storage medium. In various embodiments, the
non-transitory computer readable storage medium includes a
magnetic or optical disk storage device, solid state storage
devices such as Flash memory, or other non-volatile memory
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device or devices. The computer readable instructions stored
on the non-transitory computer readable storage medium
may be in source code, assembly language code, object
code, or other instruction format that is interpreted and/or
executable by one or more processors.

[0067] The particular embodiments disclosed above are
illustrative only, as the disclosed subject matter may be
modified and practiced in different but equivalent manners
apparent to those skilled in the art having the benefit of the
teachings herein. Furthermore, no limitations are intended to
the details of construction or design herein shown, other than
as described in the claims below. It is therefore evident that
the particular embodiments disclosed above may be altered
or modified and all such variations are considered within the
scope of the disclosed subject matter. Accordingly, the
protection sought herein is as set forth in the claims below.

1. A method, comprising:

detecting, by a sensor array comprising a plurality of

sensors, a kinetic signal;

determining a kinetic index based upon said kinetic

signal;

determining whether said kinetic index is indicative of an

impact force that is above a predetermined threshold;
and

performing a responsive action in response to determining

that said kinetic index is indicative of an impact force
that is above said predetermined threshold, wherein
said responsive action is at least one of providing a
warning, logging data associated with said impact
force, or performing a counteraction.

2. The method of claim 1, wherein determining said
kinetic index based upon said kinetic signal comprises
determining at least one of a direction of said kinetic signal,
a location of a force associated with said kinetic signal, or
a time period of a kinetic event associated with said kinetic
signal.

3. The method of claim 1, further comprising:

receiving at least one of cardiac data, neurological data, or

respiratory data; and

wherein determining said kinetic index comprises deter-

mining said kinetic index based upon said kinetic signal
and at least one of said cardiac data, neurological data,
or said respiratory data.

4. The method of claim 1, wherein determining whether
said kinetic signal is indicative of said impact force that is
above said predetermined threshold comprises determining
a force vector based upon said kinetic signal, said force
vector comprising at least one of a directional component, a
magnitude component, a location component, or a duration
component.

5. The method of claim 1, wherein determining whether
said kinetic signal is indicative of said impact force that is
above a predetermined threshold comprises determining
whether said kinetic signal is indicative of a concussion.

6. The method of claim 1, wherein:

performing said counteraction comprises at least one of:

providing a therapeutic electrical signal to a portion of
a person’s body;

activating a mechanical unit for counteracting said
impact force; or

deploying an air sac to counteract said impact force;
and

Jun. 29,2017

providing said warning comprises at least one of:
providing an auditory warning;
providing a visual warning;
providing a mechanical warning; or
providing an electronic warning.
7. An apparatus, comprising:
a plurality of sensors configured to detect a kinetic signal,
said plurality of sensors being arranged into a wearable
housing; and
a controller operatively coupled to said plurality of sen-
sors, said controller configured to:
receive a kinetic signal from at least one of said
plurality of sensors;

determine whether a directional component, a magni-
tude component, a location component, or a duration
component of said kinetic signal respectively
exceeds a corresponding directional threshold, a
magnitude threshold, a location threshold, or a dura-
tion threshold; and

perform a responsive action in response to a determi-
nation that at least one of said directional compo-
nent, said magnitude component, said location com-
ponent, or said duration component of said kinetic
signal exceeds a corresponding directional threshold,
magnitude threshold, location threshold, or said
duration threshold, wherein said responsive action
comprises at least one of providing a warning, log-
ging data associated with said impact force, or per-
forming a counteraction.

8. The apparatus of claim 7, wherein said sensors are
arranged to form a 2-dimensional matrix.

9. The apparatus of claim 7, wherein said sensors are
arranged in a plurality of layers to form a 3-dimensional
matrix.

10. The apparatus of claim 7, wherein said counteraction
comprises at least one of providing a therapeutic electrical
signal to a portion of a person’s body, locking a connector
mechanism of a flap for stiffening a movement of said flap,
or deploying an air sac for countering at least a portion of a
force associated with said signal.

11. The apparatus of claim 7, wherein said sensors are
kinetic sensors.

12. The apparatus of claim 11, wherein said kinetic
sensors are at least one of an accelerometer, inclinometer, or
a gyroscope meter.

13. The apparatus of claim 7, wherein said wearable
housing is at least one of a football helmet, a baseball
helmet, a race-car helmet, a bicycle helmet, ski-helmet, a
skate-helmet, a fire-fighter helmet, work-place helmet, a
military helmet, a sports apparel, a police uniform, a fire-
fighter uniform, a military uniform, a spacesuit, a shoulder
pad, a shoulder brace, a knee pad, a knee brace, an elbow
pad, an elbow brace, or a wrist brace.

14. A system comprising, comprising:

a housing comprising:

a plurality of sensors configured to detect a signal, said
plurality of sensors being arranged into said housing;
a controller operatively coupled to said plurality of
sensors, said controller configured to:
receive a signal from at least one of said plurality of
Sensors;
determine a kinetic index based upon said signal,
determine whether there is a health risk based upon
said kinetic index; and
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perform a responsive action in response to said
health risk, wherein said responsive action com-
prises at least one of providing a warning, logging
data associated with said health risk, or perform-
ing a counteraction; and

a base station operatively coupled to said housing, said

base station adapted to at least one of receive said
warning, or log said data associated with said health
risk.

15. The system of claim 14, wherein said base station is
at least one of a mobile phone, a laptop, a server, a
workstation, in communication with said controller.

16. The system of claim 14, wherein said sensor are
arranged in at least one of a 2-dimensional array or a
3-dimensional array.

17. The system of claim 14, wherein said housing is at
least one of a football helmet, a baseball helmet, a race-car
helmet, a bicycle helmet, ski-helmet, a skate-helmet, a
fire-fighter helmet, a work-place helmet, a military helmet,
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a sports apparel, a police uniform, a fire-fighter uniform, a
military uniform, a spacesuit, a shoulder pad, a shoulder
brace, a knee pad, a knee brace, an elbow pad, an elbow
brace, or a wrist brace

18. The system of claim 17, wherein said football helmet
comprises a facemask, wherein said facemask comprises at
least one sensor for providing an impact signal, wherein said
impact signal is used for determining said kinetic index.

19. The system of claim 14, further comprising an exter-
nal device comprising at least one of a cardiac data sensor,
a respiratory data sensor, or a neurological data sensor, said
external device operatively coupled with at least one of said
housing or said base station.

20. The system of claim 18, wherein said kinetic index is
determined based upon said signal and at least one of said
cardiac data, a respiratory data, or said neurological data.

21.-22. (canceled)



BiES

[FRIER 1 (TR A (i)
B (E RN A (i)

54 B R (BRI A (F)
[FRIRE A

LTI\

IPCHEF

CPCH¥S

L 5E4X
H 2T SR
S\ EREERE

BEGF)

Xl BRT -HATRBRUINEE  FENRE, ZRE
AaESMERES  HRERRN T E D, S MEBBFTUREERE
o, BlImEEkE, ZRETEBEARELBE IS MERFNES
o BEIEET MBS MERSFEFHNEL - ERES BEESHER
ERSHAE BN TEEESSNERTRE , BJITHAZE, BWAFES
FRHES , MTIERIREN/HNITREM.

EARTERRENIZBATHERRRRN S E , RENRS

US20170181712A1

US15/457670

JOHN JAISONG

JOHN , JAISON C.

JOHN , JAISON C.

JOHN JAISON C

JOHN, JAISON C.

patsnap

2017-06-29

2017-03-13

A61B5/00 A61B5/024 G08B21/04 A61B5/0476 A61N1/04 A61N1/36 A61B5/11 A61B5/08

A61B5/7275 A61B5/11 A61B5/024 A61B5/0816 G08B21/0461 A61B5/6803 A61N1/0476 A61N1/36014
A61B5/0476 A61B5/1117 A61N1/0468 A61N1/36031 G16H50/30 GO6F19/00

61/802403 2013-03-16 US

US10045740

Espacenet USPTO

110

CONTROLLER

23‘0

Processor

210

220

- 290\

260
‘\

Power Supply

260

240
-

250

Counteraction

Unit

Sensor Controt
Unit

Data Processing
Unit |~

J

280

\

Warning Unit

210

e

Logging Unit



https://share-analytics.zhihuiya.com/view/3a839b3a-ee6f-40e0-be6e-2ddd2ca3992f
https://worldwide.espacenet.com/patent/search/family/051525100/publication/US2017181712A1?q=US2017181712A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170181712%22.PGNR.&OS=DN/20170181712&RS=DN/20170181712

