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SYSTEMS AND METHODS FOR
MONITORING A PHYSIOLOGICAL
PARAMETER OF PERSONS ENGAGED IN
PHYSICAL ACTIVITY

CLAIM OF PRIORITY UNDER 35 US.C. § 119

[0001] The present Application for Patent claims priority
to Utility application Ser. No. 13/603,319, entitled “SYS-
TEMS AND METHODS FOR MONITORING A PHYSI-
OLOGICAL PARAMETER OF PERSONS ENGAGED IN
PHYSICAL ACTIVITY,” filed Sep. 4, 2012, Provisional
Application No. 61/530,282, entitled “SYSTEMS &
METHOD FOR MONITORING A PHYSIOLOGICAL
PARAMETER OF PERSONS ENGAGED IN PHYSICAL
ACTIVITY,” filed Sep. 1, 2011, and Provisional Application
No. 61/533,038, entitled “SYSTEMS & METHOD FOR
MONITORING A PHYSIOLOGICAL PARAMETER OF
PERSONS ENGAGED IN PHYSICAL ACTIVITY,” filed
Sep. 9, 2011, both of which are assigned to the assignee
hereof and are hereby expressly incorporated by reference
herein.

TECHNICAL FIELD

[0002] This disclosure relates to a system and method for
monitoring of at least one physiological parameter of a
person engaged in a physical activity, for example, an impact
received by a player engaged in a contact sport such as
football.

BACKGROUND

[0003] There is a concern in various contact sports, such
as football, lacrosse and hockey, of brain injury due to
impact to the head. During such physical activity, the head
of the individual is often subjected to direct contact which
results in impact to the skull and brain of the individual, as
well as movement of the head or body part itself.

[0004] Much remains unknown about the response of the
brain to head accelerations in the linear and rotational
directions and even less about the correspondence between
specific impact forces and injury, particularly with respect to
injuries caused by repeated exposure to impact forces of a
lower level than those that result in a catastrophic injury or
fatality. Almost all of what is known is derived from animal
studies, studies of cadavers under specific directional and
predictable forces (i.e. a head-on collision test), from crash
a dummies, from human volunteers in well-defined but
limited impact exposures or from other simplistic mechani-
cal models. The conventional application of known forces
and/or measurement of forces applied to animals, cadavers,
crash dummies, and human volunteers limit our knowledge
of a relationship between forces applied to a living human
head and any resultant severe brain injury. These prior
studies also have limited value as they typically relate to
research in the automobile safety area.

[0005] The concern for sports-related injuries, particularly
to the head, is higher than ever. The Center for Disease
Control and Prevention estimates that the incidence of
sports-related mild traumatic brain injury (MTBI)
approaches 300,000 annually in the United States. Approxi-
mately one-third of these injuries occur in football, with
MTBI being a major source of lost player time. Head
injuries accounted for 13.3% of all football injuries to boys
and 4.4% of all soccer injuries to both boys and girls in a
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large study of high school sports injuries. Approximately
62,800 MTBI cases occur annually among high school
varsity athletes, with football accounting for about 63% of
cases. It has been reported that concussions in hockey affect
10% of the athletes and make up 12%-14% of all injuries.
[0006] Forexample, a typical range of 4-6 concussions per
year in a football team of 90 players (7%), and 6 per year
from a hockey team with 28 players (21%) is not uncom-
mon. In rugby, concussion can affect as many as 40% of
players on a team each year. Concussions, particularly when
repeated multiple times, significantly threaten the long-term
health of the athlete. The health care costs associated with
MTBI in sports are estimated to be in the hundreds of
millions of dollars annually. The National Center for Injury
Prevention and Control considers sports-related traumatic
brain injury (mild and severe) an important public health
problem because of the high incidence of these injuries, the
relative youth of those being injured with possible long term
disability, and the danger of cumulative effects from repeat
incidences.

[0007] Athletes who suffer head impacts during a practice
or game situation often find it difficult to assess the severity
of the blow. Physicians, trainers, and coaches utilize stan-
dard neurological examinations and cognitive questioning to
determine the relative severity of the impact and its effect on
the athlete. Return to play decisions can be strongly influ-
enced by parents and coaches who want a talented player
back on the field. Subsequent impacts following an initial
concussion (MTBI) may be 4-6 times more likely to result
in a second, often more severe, brain injury. Significant
advances in the diagnosis, categorization, and post-injury
management of concussions have led to the development of
the Standardized Assessment of Concussion (SAC), which
includes guidelines for on-field assessment and return to
play criteria. Yet there are no objective biomechanical
measures directly related to the impact used for diagnostic
purposes. Critical clinical decisions are often made on the
field immediately following the impact event, including
whether an athlete can continue playing. Data from the
actual event would provide additional objective information
to augment psychometric measures currently used by the
on-site medical practitioner.

[0008] Brain injury following impact occurs at the tissue
and cellular level, and is both complex and not fully under-
stood. Increased brain tissue strain, pressure waves, and
pressure gradients within the skull have been linked with
specific brain injury mechanisms. Linear and rotational head
accelerations are input conditions during an impact. Both
direct and inertial (i.e. whiplash) loading of the head result
in linear and rotational head acceleration. Head acceleration
induces strain patterns in brain tissue, which may cause
injury. There is significant controversy regarding what bio-
mechanical information is required to predict the likelihood
and severity of MTBI. Direct measurement of brain dynam-
ics during impact is extremely difficult in humans.

[0009] Head acceleration, on the other hand, can be more
readily measured; its relationship to severe brain injury has
been postulated and tested for more than 50 years. Both
linear and rotational acceleration of the head play an impor-
tant role in producing diffuse injuries to the brain. The
relative contributions of these accelerations to specific injury
mechanisms have not been conclusively established. The
numerous mechanisms theorized to result in brain injury
have been evaluated in cadaveric and animal models, sur-
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rogate models, and computer models. Prospective clinical
studies combining head inpact biomechanics and clinical
outcomes have been strongly urged. Validation of the vari-
ous hypotheses and models linking tissue and cellular level
parameters with MTBI in sports requires field data that
directly correlates specific kinematic inputs with post-im-
pact trauma in humans.

[0010] In the prior art, conventional devices have
employed testing approaches which do not relate to devices
which can be worn by living human beings, such as the use
of dummies. When studying impact with dummies, they are
typically secured to sleds with a known acceleration and
impact velocity. The dummy head then impacts with a target,
and the accelerations experienced by the head are recorded.
Impact studies using cadavers are performed for determining
the impact forces and pressures which cause skull fractures
and catastrophic brain injury.

[0011] There is a critical lack of information about what
motions and impact forces lead to MTBI in sports.

[0012] Most prior art attempts relate to testing in a lab
environment. However, the playing field is a more appro-
priate testing environment for accumulating data regarding
impact to the head. Previous research on football helmet
impacts in actual game situations yielded helmet impact
magnitudes as high as 530 g’s for a duration of 60 msec and
greater than 1000 g’s for unknown durations, both with no
known MTBI. Accelerometers were held firmly to the head
via the suspension mechanism in the helmet and with Velcro
straps. A recent study found maximum helmet accelerations
of 120 g’s and 150 g’s in a football player and hockey player,
respectively. The disparity in maximum values among these
limited data sets demonstrates the need for additional large-
scale data collection. A limitation of the prior art involves
practical application and widespread use of measurement
technologies that are size and cost effective for individuals
and teams. Therefore, there would be significant advantage
to outfitting an entire playing team with a recording system
to monitoring impact activities. This would assist in accu-
mulating data of all impacts to the head, independent of
severity level, to study the overall profile of head impacts for
a given sport. Also, full-time head acceleration monitoring
would also be of great assistance in understanding a par-
ticular impact or sequence of impacts to a player’s head over
time that may have caused an injury and to better treat that
injury medically.

[0013] To address this need, there have been many
attempts in the prior art to provide a system for recording the
acceleration and/or impact of an individual’s body part, such
as their head. For example, prior art systems have employed
tri-axial accelerometers which are affixed as a module to the
back of a football helmet. Such tri-axial accelerometers
provide acceleration sensing in the X, Y and Z directions
which are orthogonal to each other. Tri-axial accelerometer
systems require that the accelerometers be orthogonal to
each other. Also, such tri-axial accelerometer systems have
been extremely expensive making it cost prohibitive for
widespread commercial installation on an entire team. Prior
art systems, have also attempted to precisely locate the
various combinations of linear and rotational accelerom-
eters, in specific orthogonal arrays, within a helmet to obtain
complete three-dimensional head kinematics. Such arrays
require that the accelerometers be positioned orthogonal to
each other. It is impractical, from a size, cost and complexity
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standpoint, for commercial application of such arrays in
helmet or head mounted systems.

[0014] Obviously, accelerometer arrays for measuring lin-
ear and rotational accelerations or pressure/force sensors for
measuring pressure or force cannot be readily mounted
inside the human head, as is done with instrumented test
dummy heads. Other sensing technologies, such as gyro-
scopes, magneto hydrodynamic angular rate sensors and
GPS sensors, do not currently fulfill the practical and
technical specifications for a commercially available system.
Also, the use of multi-axis accelerometer systems placed in
a mouth guard are impractical for a number of reasons,
including but not limited to positioning the mouth guard’s
battery in the user’s mouth and the power required to
transmit from inside the mouth exceeds FCC limits, any of
which might present a hazard to the players and limited
compliance among them.

[0015] In view of the foregoing, there is a demand for a
physiological measuring system for players that can be
manufactured and installed at very low cost to permit
widespread utilization. There is a demand for a system that
can be installed in the equipment of many individuals, such
as an entire football team roster of over 60 players, to
provide reliable monitoring and alerting of different types of
impacts received by players during the course of play.
Further, there is a demand for a system and method for
measuring at least one physiological parameter of a player
that is easy to install and comfortable for the individual to
wear.

[0016] This disclosure solves the problems discussed
above and other problems and provides advantages and
aspects not provided by prior art of this type. A full discus-
sion of the features and advantages of the present disclosure
is deferred to the following detailed description, which
proceeds with reference to the accompanying drawings.

SUMMARY

[0017] The present disclosure provides a system for moni-
toring of at least one physiological parameter of multiple
players engaged in a contact sport. The system includes a
plurality of monitoring units, each monitoring being asso-
ciated with a specific player and having a sensor assembly
that actively monitors at least one physiological parameter
of the player while engaged in the contact sport to determine
a physiological parameter value, wherein the monitoring
unit selectively generates a first alert when the physiological
parameter value exceeds a first predetermined threshold
based upon a single incidence of the physiological parameter
and a second alert when the physiological parameter value
exceeds a second predetermined threshold based upon
cumulative incidences of the physiological parameter. The
system also includes a portable alert unit that receives the
first alert and second alert transmitted from a particular
monitoring unit and displays information relating to the
particular alert to a user of the system.

[0018] An aspect of the disclosure provides wherein each
monitoring unit is configured as an in-helmet unit positioned
within in a protective helmet worn by a player engaged in
the contact sport. Another aspect of the disclosure provides
wherein the sensor assembly comprises a plurality of sensors
formed from an electret film. Yet another aspect of the
disclosure provides wherein the sensor assembly is posi-
tioned within an overliner that is wearable adjacent the
player’s head while the player is engaged in the contact
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sport. A further aspect of the disclosure provides a protective
sports helmet worn by each player engaged in the contact
sport, wherein the sports helmet includes an internal padding
assembly and wherein the overliner is positioned between
the player’s head and the internal padding assembly when
the sports helmet is worn by the player. Another aspect of the
disclosure provides wherein the sensor assembly is operably
connected to a control module, and the sensor assembly
further comprises a front sensor positioned adjacent a front
region of the sports helmet, a rear sensor positioned adjacent
a rear region of the sports helmet, a left sensor positioned
adjacent a left region of the sports helmet, a right sensor
positioned adjacent a right region of the sports helmet and a
top sensor positioned adjacent a top region of the sports
helmet.

[0019] Still another aspect of the disclosure provides a
protective sports helmet worn by each player engaged in the
contact sport, wherein the physiological parameter actively
monitored by the sensor assembly is the pressure resulting
from an impact to the helmet worn by the player during play
of the contact sport. Another aspect of the disclosure pro-
vides wherein the first predetermined threshold takes into
account the player’s skill level. A further aspect of the
disclosure provides wherein the first predetermined thresh-
old takes into account the player’s position. Another aspect
of the disclosure provides wherein the second predetermined
threshold includes cumulative impact incidences occurring
during a prior time interval. Still another aspect of the
disclosure provides wherein an old impact incidence can be
removed from a monitoring unit accumulator when they age
beyond the prior time interval. Another aspect of the dis-
closure provides wherein a new impact incidence can be
added to the monitoring unit accumulator and an old impact
incidence is removed from the accumulator. A further aspect
of the disclosure provides wherein the physiological param-
eter value is correlated to a multi-dimensional severity
measure and then compared against the first predetermined
threshold. Another aspect of the disclosure provides wherein
the multi-dimensional severity measure includes inputs for
linear acceleration and impact direction. Yet another aspect
of the disclosure provides wherein the multi-dimensional
severity measure includes inputs for the Head Injury Crite-
rion and the Gadd Severity Index.

[0020] The disclosure also provides for using a weighted
principal component score such as Head Impact Technology
Severity Profile (HIT,,) that takes into account linear accel-
eration, Head Injury Criterion (HIC), Gadd Severity Index
(GSI). and impact direction.

[0021] Other features and advantages of the disclosure
will be apparent from the following specification taken in
conjunction with the following drawings. Implementations
of the described techniques may include hardware, a method
or process, or software for a mobile device on a computet-
accessible medium.

[0022] The details of one or more implementations are set
forth in the accompanying drawings and the description
below. Other features will be apparent from the description
and drawings, and from the claims.

[0023] Additional advantages and novel features will be
set forth in part in the description which follows, and in part
will become apparent to those skilled in the art upon
examination of the following and the accompanying draw-
ings or may be learned by production or operation of the
examples. The advantages of the present teachings may be
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realized and attained by practice or use of various aspects of
the methodologies, instrumentalities and combinations set
forth in the detailed examples discussed below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The drawing figures depict one or more implemen-
tations in accord with the present teachings, by way of
example only, not by way of limitation. In the figures, like
reference numerals refer to the same or similar elements.
[0025] FIG. 1A illustrates an exemplary system in which
a player helmet actively monitors physiological parameters
of a player and generates alert events when the monitored
physiological parameters exceed a threshold.

[0026] FIGS. 1B-1C illustrate different views of player
helmet shown in FIG. 1A.

[0027] FIG. 2 illustrates an exemplary IHU that fits within
the player helmet shown in FIG. 1A.

[0028] FIG. 3 illustrates a schematic of the THU shown in
FIG. 2.
[0029] FIG. 4 illustrates an exemplary table displaying

HITsp exposure thresholds for a lower skill level of players.
[0030] FIG. 5 illustrates an exemplary table displaying
HITsp exposure thresholds for a higher skill level players.
[0031] FIG. 6 illustrates an exemplary flow for creation of
time-weighted cumulative severity metric.

[0032] FIGS. 7A-7C illustrate an exemplary control mod-
ule shown in FIG. 2.

[0033] FIGS. 8A-8I illustrate an exemplary process for
starting the PMS and assigning a player helmet to a specific
alert unit shown in FIG. 1A.

[0034] FIG. 9 illustrates an exemplary Ul allowing the
user to download alerts.

[0035] FIG. 10 illustrates an exemplary UI allowing the
user to modify system settings.

[0036] FIG. 11 illustrates an exemplary alert unit.

[0037] FIG. 12 illustrates a network or host computer
platform, as may typically be used to implement a server.

[0038] FIG. 13 illustrates a computer with user interface
elements, as may be used to implement a personal computer.

DETAILED DESCRIPTION

[0039] In the following detailed description, numerous
specific details are set forth by way of examples in order to
provide a thorough understanding of the relevant teachings.
However, it should be apparent to those skilled in the art that
the present teachings may be practiced without such details.
In other instances, well known methods, procedures, com-
ponents, and/or circuitry have been described at a relatively
high-level, without detail, in order to avoid unnecessarily
obscuring aspects of the present teachings.

[0040] It should be understood that the present disclosure
relates generally to a system for actively monitoring at least
one physiological parameter of players engaged in a sports
activity, such as pressure or force on a body part (e.g., the
head) and/or the acceleration of a body part (e.g., linear
acceleration or rotational acceleration), both resulting from
an impact or series of impacts to the player(s). The present
disclosure, as will be discussed in detail below, is capable of
monitoring any body part of an individual but has particular
application in monitoring the human head. Therefore, any
reference to a body part is understood to encompass the head
and any reference to the head alone is intended to include
applicability to any body part. For ease of discussion and
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illustration, discussion of the prior art and the present
disclosure is directed to the head of human, by way of
example and is not intended to limit the scope of discussion
to the human head.

[0041] FIG. 1A illustrates an exemplary system 1100 in
which a player helmet 1110 actively monitors at least one
physiological parameter of a player and generates alert
events when the monitored physiological parameter(s)
exceed a threshold. Since most contact sports involve multi-
player teams, the system 1100 simultaneously measures,
records and transmits the data on the selected physiological
parameter for all players on the team throughout the course
of play, including a game or practice. System 1100 is
especially well suited for helmeted team sports where play-
ers are susceptible to head impacts and injuries; for example,
football, hockey, and lacrosse. The system 1100 could also
be employed protective equipment other than helmets (e.g.,
shoulder pads or knee pads), or in sports where helmets are
not traditionally worn; for example, rugby or soccer. The
system 1100 could also be employed in military helmets,
bike and motor sports, and winter sports (e.g. downhill
skiing and ski jumping).

[0042] In one specific example, the system 1100 is con-
figured to assess whether a particular impact or series of
impacts received by a player exceeds two, weighted over-
exposure thresholds based upon a single impact and/or
cumulative impacts over a predefined amount of time (e.g.,
7 days). These over-exposure thresholds are determined
from the results of monitoring over 1,300 players using a
system described in U.S. patent application Ser. Nos.
10/997,832; 11/225,880; and Ser. No. 11/328,445, wherein
more than +1.4 million head impacts have been recorded to
date and stored within a database. Using this database and
proprietary algorithms, two types of over-exposure thresh-
olds have been created—single event threshold and cumu-
lative threshold.

[0043] When configured for helmeted team sports, such as
football, the system 1100 includes at least player helmet
1110, an alert unit 1120, and a user terminal 1130 (see FIG.
1A). The player helmet 1110, includes an in-helmet unit (or
monitoring unit) 1200 that is configured to monitor and
analyze both single and cumulative impacts to the player
wearing the player helmet 1110 (see FIG. 1B). The impact
data may be correlated to a multi dimensional severity
measure (e.g., weighted principal component score such as
Head Impact Technology Severity Profile (HIT,) that takes
into account linear acceleration, Head Injury Criterion
(HIC), Gadd Severity Index (GSI), and impact direction.
The impact severity may also be weighted by impact loca-
tion.

[0044] In one embodiment, the in-helmet unit (or moni-
toring unit) 1200 measures a physiological parameter, such
as pressure resulting from the helmet impact, and weighs
this value by impact location to determine the severity level
of the received impact and then compares it against the
HITsp threshold programmed inside the in-helmet unit (or
monitoring unit) 1200. In another embodiment, the in-
helmet unit 1200 measures multiple physiological param-
eters, such as the impact pressure and acceleration (such as
linear and/or rotational acceleration) resulting from the
impact(s). The in-helmet unit 1200 may also measure dif-
ferent modalities, for example, both piezo and electret film
within the in-helmet unit 1200 can measure changes in
temperature and other mechanical stress due to sound and/or
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air pressure. This provides the ability to measure simulta-
neous effects using a single sensor, such as an impact to a
player and the player’s temperature, for example. Impact
data is continually monitored for a value from any channel
1220a-¢ that exceeds a predetermined threshold pro-
grammed into the in-helmet unit 1200. Once triggered, a
microcontroller wakes up and collects data from all channels
1220a-e. Impact data may be stored in an analog domain in
the in-helmet unit 1200 using peak hold circuits, and peak
hold values may be collected from each channel 1220a-e. If
any channel data exceeds the predefined threshold, that data
is processed further to determine a calculated value. If the
calculated value exceeds the predefined single impact alert
threshold, then the alert, namely the single impact alert, is
sent. If the calculated value is not peak magnitude alertable
(i.e., it is below the alert threshold), then the calculated value
is evaluated to determine if it should be added to the
cumulative calculation. If the calculated value is added to
the cumulative calculation, the processed cumulative value
is compared to the predetermined cumulative impact alert
threshold. If the processed cumulative value exceeds that
alert threshold, then a cumulative alert (or multiple impact
alert) is sent to the remote alert unit 1120. The system 1100
may be configured such that only one cumulative alert for a
particular player can be sent per day. The system 1100 may
also be configured to include the player’s medical history
and/or injury history as part of the impact monitoring,
threshold calculation and/or alert criteria. For example, if a
specific player has a known medical condition, then the
system 1100 may take that condition into account when
performing the threshold calculation and/or sending an alert
to the remote unit 1120. Also, the remote unit 1120 may be
configured to also display that player’s medical condition
when displaying the single impact alert and/or the cumula-
tive impact alert.

[0045] As an example regarding the single event, peak
overexposure may be determined in which each individual
peak channel recorded is scaled to a calibration value
determined at the time of manufacturing. Subsequently, each
individual channel is transformed into a HITsp value based
on the individual channel location using a 3" order poly-
nomial. Finally the HITsp values from the peak individual
channel along with physically adjacent channels are
summed together to provide a final Hasp severity measure.
For example, if the peak channel (i.e. highest magnitude) is
the left channel, adjacent values from the top, front, and
back are included in the final HITsp severity measure. As an
example regarding a cumulative event, cumulative exposure
may be determined in which only data that are above a 95%
threshold for an individual’s playing position and skill level
are included in the calculation of cumulative exposure. This
threshold may be based on a proprietary database consisting
of millions of impacts from thousands of players. With each
impact that is added to a monitoring unit accumulator or
database cumulative bucket, the monitoring unit accumula-
tor or cumulative bucket magnitude decreases based on an
exponential decay function. This final cumulative value is
compared to an alerting threshold based on playing position
and skill level.

[0046] Using these over-exposure thresholds, system 1100
can identify when a player has sustained a single impact or
series of impacts that are atypical for their skill level and/or
playing position. Thus, single impacts and/or multiple
impacts can be weighted based upon the player’s (wearer’s)
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skill level, playing level or both. The skill level can be
divided into lower levels and upper levels. The lower levels
include, for example, youth and high school players. The
upper levels include, for example, college and professional
players. The playing positions can be defined by well-
recognized positions, including offensive line, running
backs, quarterback, wide receivers, defensive linemen, line-
backers, defensive backs and special teams. The playing
positions could also be defined by the player’s attributes,
including neck size, age, head size, weight, and body mass
index. Over-exposure alerts give sideline staff members an
indication that an abnormal physiological parameter result
(e.g., head contact has occurred and the potential for injury
may exist). When the system 1110 is configured to monitor
head impacts, this allows team staff to identify players who
are prone to atypical head contact and/or styles of play that
lead to over-exposure. Essentially, system 1100 acts as an
on-field set of eyes that can continually monitor players
where the sideline personnel, including coaches and trainers
can not.

[0047] The system 1100 is configured to monitor impacts,
determine the severity level of a received single impact or
cumulative impacts and then makes a comparison of that
severity level against a threshold value of a comparative
metric to provide a “single impact alert” and/or a “cumula-
tive impact alert.” The comparator employed by the system
1100 can be linear acceleration, a combination of linear
acceleration and other measured values, or a combination of
accelerations, values and constants. Preferably, the system
1100 utilizes “HITsp” as the comparator, wherein HITsp is
a composite variable that combines measures of linear
acceleration, rotational acceleration, and impact duration
into a single metric that is then weighted by impact location.
While not diagnostic of injury, HITsp has been shown to be
more sensitive and specific to diagnosed concussion than
any of the component measures alone. Specifically, HITsp
has been shown to be 50% more sensitive to predict a
subsequently diagnosed concussion than usage of any indi-
vidual measure by itself (e.g.. linear acceleration). The
published paper, titled HEAD IMPACT SEVERITY MEA-
SURES FOR EVALUATING MILD TRAUMATIC BRIAN
INJURY RISK EXPOSURE, the entire content of which is
incorporated herein by reference, describes this method in
greater detail and is attached as Appendix A. In the follow-
ing description, the system 1110 utilizes the HITsp as the
comparator for threshold analysis. However, as noted above,
other thresholds or combination of thresholds may be used.
When a calculated parameter result approaches or exceeds a
predetermined level or threshold determined by HITsp, the
system 1100 notifies the qualified sideline personnel and
utilize the method of the present disclosure to evaluate and
treat the player(s) in question. At the proposed thresholds,
HITsp is more sensitive to a diagnosed concussion than
monitoring linear acceleration.

[0048] As discussed below, the in-helmet unit 1200 com-
prises a novel sensor assembly 1220 and control module
1230 (see FIGS. 1B, 1C and 2). The system 1100 can be
configured for use with a protective shoulder pad assembly
worn by a player engaged in the contact sport, wherein the
monitoring unit 1200 is incorporated in the shoulder pad
structure, including the protective arches that overlap the
player’s shoulder. chest and back regions. In a preferred
embodiment, the rotational acceleration component of an
impact is not measured by the sensor assembly 1220,
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however, the rotational acceleration component is included
in the HITsp comparator. An alert event occurs if the
in-helmet unit 1200 determines that the severity level of the
received impact exceeds the HITsp threshold for a single
impact and/or cuamulative impacts. The in-helmet unit 1200
generates an alert and communicates the alert to the alert
unit 1120 through the communication link 1140. An over
exposure condition is defined as either sustaining a single
impact severity in the predetermined threshold percentile
(e.g., 99 percentile) for that skill level and player position,
or exceeding cumulative impacts severity calculated over a
predefined period of time (e.g., 7 days) for that player skill
level and player position, as described in more detail below.
Thus, the in-helmet unit 1200 provides an alert to the alert
unit 1120 based upon an evaluation of single impact and
cumulative impacts, weighted in light of the player’s skill
level and the player’s position.

[0049] The alert unit 1120 receives the alert and displays
it to the sideline personnel bearing the alert unit 1120. For
each alert, the alert unit 1120 displays the affected player’s
identity, for example by name or jersey number, the mea-
sured parameter, and the time of the alert event. However,
the player’s identity can be protected by use of a unique
player identifier, which may be encoded and/or encrypted.
For example, encoding the signals or data with a unique
identifier enables the system 1100, namely the alert unit
1120, to properly decode and/or multiplex information from
the various in-helmet units 1200 simultaneously transmit-
ting alerts and/or data. As another example, the parameter
data may be encrypted to increase the security of the
underlying data, such as by using a cipher for performing
encryption and decryption, and a key to parameterize the
cipher. The time stamp of the alert event allows sideline
personnel and medical staff to correlate the calculated
parameter to actual videotape of the sporting event that led
to the alert event. Once an alert event has occurred, the
in-helmet unit 1200 can send a signal to the alert unit 1120
that alerts the sideline personnel to employ a method for
evaluating and treating the player in question, as explained
below. The player in question is quickly identified by the
in-helmet unit 1200 due to the unique identifier provided by
the in-helmet unit 1200 and the subsequent recognition of
the identifier and the multiplexing performed by the alert
unit 1120. In this manner, the sideline personnel including
those bearing the alert unit 1120 can efficiently evaluate the
player in question from among the many players comprising
the team. The alert unit 1120 can take the form of portable
handsets, smart-phones or personal digital assistants,
although they may be implemented in other form factors.
Program applications, including an application for evaluat-
ing and treating players based upon the results of alerts
communicated to the alert unit 1120 can be configured to
execute on many different types of alert unit 1120.

[0050] The system 1100 also includes a user terminal
1130, such as a custom user device, a laptop, a tablet
computer or a smartphone, for example. The user terminal
1130 may be programmed with Player Management Soft-
ware (PMS) that allows various components of system 1100
to communicate and interact and that provides the coach all
information necessary for operating system 1100. The user
terminal 1130 may connect to the alert unit 1120 via a wired
or a wireless connection. In one example, the alert unit 1120
connects to the user terminal 1130 via a USB connection. In
interacting with the PMS, user informs the software that the



US 2019/0090780 A1

users wishes to add a new player helmet 1110 to a list of
player helmets 1110 monitored by the alert unit 1120. As a
result, PMS launches a wizard that advises the user to place
the in-helmet unit 1200 into a configuration state by holding
down the button on the control module 1230 for prolonged
period of time (e.g., 5 seconds). A fast flashing yellow LED
on the control module 1230 confirms this state. The in-
helmet unit 1200 remains in this state for 30 seconds. The
user then clicks the “next” button in PMS that begins
configuration setup on the in-helmet unit 1200 through the
alert unit 1120 acting as a modem. Configuration setup may
include obtaining the unique serial number of the in-helmet
unit 1200 and storing it in a database for later association
with a specific player. The configuration setup also may
include assigning an appropriate RF parameter for enabling
communication between the in-helmet unit 1200 and the
alert unit 1120. The database may be located at the alert unit
1120 or may be located remote from the alert unit but
accessible to the alert unit 1120 via wired or a wireless
connection. For example, the database may correspond to
the database 1150. The PMS confirms successful configu-
ration.

[0051] In one example, the communication link 1140 is
wireless utilizing RF communication protocol based on time
division multiplexing approach. In approximately every 9.6
seconds, the alert unit 1120 broadcasts a ping 75 times every
30 ms. After each ping, the alert unit 1120 listens for an
in-helmet unit 1200 that is scheduled to respond at a specific
ping set and time slot. There are two time slots per ping
where an in-helmet unit 1200 can respond. The ping plus
time slot listen period is a “superframe.” At setup, the PMS
configures the in-helmet unit 1200 with the appropriate RF
info (e.g. channel, PAN ID, etc) as well as a timeslot within
a superframe. Since communications are happening asyn-
chronously and the actual communication time is in a small
window, the in-helmet unit 1200 wakes up periodically at
some multiple of ping windows (the 75 superframes). If it
hears a ping from it’s alert monitor, the in-helmet unit 1200
calculates the time required to wakeup on the next ping cycle
(9.6 sec+an offset it calculates to wakeup right before the
appropriate superframe). After an in-helmet unit 1200
checks in with the alert unit 1120, the alert unit 1120
responds with an acknowledgment. Included in this
acknowledgment is the player threshold information. The
alert unit 1120 updates threshold information from the PMS
when the user syncs. Upon the next communication with the
in-helmet unit 1200, the alert unit 1120 communicates this
information to the alert unit 1120. The in-helmet unit 1200
monitors the impacts to the player wearing the in-helmet
unit 1200 and reports an alert to the alert unit 1120 if the
impacts exceed the threshold of the comparator, on single
impact basis or cumulative impact basis.

[0052] FIG. 1B illustrates an enlarged view of the player
helmet 1110. FIG. 1C illustrates an interior of the player
helmet 1110. As shown, player helmet 1110 includes the face
guard 1110a, primary internal padding assembly 11105, and
an overliner 1110c. The overliner 1110¢ is configured to
include the in-helmet unit (THU) 1200, a secondary padding
assembly 1210 (which preferably has a thinner configuration
than the primary internal pad assembly 11105). Alterna-
tively, the secondary padding assembly 1210 is omitted from
the overliner 1110c. In FIG. 2, the in-helmet unit 1200
includes a sensor assembly 1220 and a control module 1230
connected to the sensor assembly 1220 via a connector 1232.
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The sensor assembly 1220 includes five sensors 1220aq,
12205, 1220¢, 1220d, and 1220e that each provide distinct
electrical channels. As shown, sensors 1220c¢ and 12204
each have a horizontal component 1220c¢1, 122041, and a
vertical component 1220c2, 122042. The in-helmet unit
1200 is fitted within the overliner 1110¢ and when the
overliner 1110c¢ is positioned within the player helmet 1110,
the overliner 1110¢ rests on the players head. Accordingly,
the sensor assembly 1220 is between the secondary pad
assembly 1210 and the primary internal pad assembly
11105. To this end, the sensor assembly 1220 does not
directly touch the player’s head. In a slightly different
implementation, the sensor assembly 1220 is fitted on the
front side (or interior portion) of the overliner 1110¢ such
that when the overliner 1110c¢ is positioned within the player
helmet 1100, the sensor assembly 1220 is adjacent to the
player’s head. In yet another implementation, the overliner
1110¢ is omitted and the sensor assembly 1220 is integrated
with the primary internal pad assembly 11105, wherein the
sensor assembly 1220 is positioned within the housing
members that form the internal pad assembly 1110b. Alter-
natively, the sensor assembly 1220 is integrally formed as
part of the housing that comprises the internal pad assembly
11104.

[0053] Inoneimplementation, the sensors 1220a-1220e of
the sensor assembly 1220 are formed from an electret film,
which has a unique, strong electromechanical response to an
impact(s) to the helmet 1110. The film is based on a
polyolefin material manufactured in a continuous biaxial
orientation process that stretches the film in two perpen-
dicular directions (machine direction and the transverse
direction). Further the film is expanded in thickness at
high-pressure gas-diffusion-expansion (GDE) process. The
structure of electret film consists of flat voids separated by
thin polyolefin layers. Typically the electret film is 70-80 pm
thick. The voids are made by compounding small particles,
which function as rupture nuclei and form closed lens like
cavities to the film during the biaxial orientation. The voids
are enlarged at with the GDE process, which more than
doubles the thickness and elasticity of the film by increasing
the size of air-voids inside it. Electromechanical response
with GDE processed film is over 10-fold compared to
non-swelled film. A permanent electric charge is injected
into the material by corona charging it in high electric field.
This causes electric breakdowns occur inside the material,
thus charging the void interfaces inside the film in order to
form an electret material capable of interacting with its
environment. Thin metal electrodes are, for example,
arranged by screen-printing them first to 75-100 um poly-
ester film and laminating together with electret film. Vacuum
evaporation to both surfaces of the film is also possible for
actuator purposes. Other typical ways to arrange electrodes
is using aluminum-polyester laminate and etching the elec-
trode pattern prior laminating with electret film. In another
implementation, the sensors 1220¢-1220¢ are made of
piezoelectric material. Two very distinct forms of piezoelec-
tric materials were evaluated and characterized during
impact: Polyvinylidene Flouride (PVDF) and Lead Ziconate
Titanate (PZT). PZTs are ceramic discs with a high piezo-
electric constant, but are extremely fragile. In contrast,
PVDF is a polmner that exhibits piezoelectric effects and can
be silkscreened onto flexible substrates (e.g., Mylar®) in an
ultrathin coating creating a flexible sensor and vastly
improved durability.
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[0054] Although the in-helmet unit 1200 is shown and
described to include five sensors 1220a-¢, one of ordinary
skill in art recognizes that the in-helmet unit 1200 may have
more or less sensors. The number of sensors may depend on
the application and the information that is required to meet
the needs of the application. For monitoring at least one
physiological parameter of player engaged in a sports activ-
ity, for example a football player, the impact location as part
of impact severity calculation is important. Therefore, the
in-helmet unit 1200 includes five distinct sensors 1220a-¢
for five distinct regions (e.g., top, left, right, front, and back)
of the helmet 1100, which also corresponds to the player’s
head regions. Fach sensor 1220 provides an electrical chan-
nel for helmet impact data acquisition and processing. For
off-center impacts (as opposed to on-center impacts), the
system 1100 includes algorithms that can evaluate the ratio
of impact energy recorded by adjacent channels to estimate
to a higher resolution (approximately 10 degrees). When an
impact to the helmet 1110 is detected by multiple sensors,
only data from the closest sensor to the impact location and
the sensors adjacent to the closest sensor is used in the
weighting calculation. For example, when an off-center
impact is received on the helmet 1100 and the back sensor
1220e and left sensor 1220¢ detected equal impact energy
without significant energy from other sensors, then the
impact location is determined by the system 1100 to be
directly between the back sensor 1220e and left sensor
1220c. Also, if the impact location is on the left side of the
helmet 1110, the system 1100 will combine usable data from
the left 1220¢, front 1220a, top 12205, and rear 1220¢
sensors for the weighting calculation, but any data recorded
by the right 12204 sensor will be ignored. Similarly, when
an on-center impact is applied to the front of the helmet
1110, any data from the rear sensor 1220e¢ is ignored.
Accordingly, the system 1110 is configured to selectively
utilize data from a limited number of the sensors 1220a-¢
while disregarding other, essentially irrelevant sensor data,
based upon the location of the impact to the helmet 1110.

[0055] The system 1100 is also configured to monitor
impacts and process data from players who experience
multiple impacts on the same play. A person of skill in the
art of designing sophisticated monitoring equipment for
contact sports recognizes that many football players, includ-
ing running backs, offensive lineman and defensive lineman,
experience multiple impacts on a single play. For example,
when a running back receives multiple impacts while car-
rying the football (e.g., a rushing play), every impact
detected by the sensors 1220 is compared to the HITsp
thresholds, as long as a specified time (e.g., 60 ms) has
passed between impacts. In the context of the running back
receiving two impacts, if both detected impacts exceed the
single event impact threshold, each impact is treated as an
independent peak overexposure alert and the alert unit 1120
provides the alert described above. For each alertable event,
the alert unit 1120 provides the alert relevant information,
including the type of alert, the time of alert (down to
milliseconds), and the unique player identifier that sustained
the impacts in question. It is contemplated that any other
type of relative information may be included in the alert that
is sent, such as impact or temperature date, for example.

[0056] In another application, where impact location is not
necessary, a single sensor may be used. A single sensor in
this context would still have sufficient material to mostly
cover the surface of the head, but would electrically appear
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as one channel. The sensor assembly 1220 automatically and
continuously measures and records the player’s physiologi-
cal parameters and transmits data regarding the parameter to
the control module 1130. The control module 1230 is
operably connected to each of sensors 1220a-1220e via a
separate wire lead or channel.

[0057] FIG. 3 illustrates a schematic of the IHU 1200. As
shown, the control module 1230 is connected via a separate
wire lead 1226 to each of sensors 1220a-1220e. The control
module 1230 includes a signal conditioner 24aq, a filter 245,
a microcontroller 24¢ (or microprocessor), a telemetry ele-
ment 24d, an encoder 24e, and a power source 24f. The
control module 1230 includes a shake sensor 24g that may
be used to turn the in-helmet unit 1200 ON or OFF based on
a specific shake pattern of the player helmet 1110. For
example, hitting and/or shaking the player helmet 1110 once
may turn it ON; whereas, hitting and/or shaking the player
helmet 1110 twice may turn it OFF or vice versa. Alterna-
tively, the player helmet 1110 may have control buttons,
such as a power button and a configuration button, for
example. The in-helmet unit 1200 has low power require-
ments, providing for long battery life, thereby optimizing the
continued use of the in-helmet unit 1200. For example, in
normal operation (e.g., continuous monitoring for alertable
impacts), the in-helmet unit 1200 may consume about 12-20
uA. In a deep sleep state (e.g., everything is off except time
keeping), the in-helmet unit 1200 may consume about 8 uA.
In an alert state (e.g., the in-helmet unit 1200 is trying to
send an alert to the alert unit 1120) the in-helmet unit 1200
may consume about 1-5 mA.

[0058] As mentioned above, the control module 1230 is
configured to perform various impact calculations and send
an alert to an alert unit 1120 when a predetermined threshold
is exceeded. The control module 1230 enables continued
monitoring and analysis of head impacts on two basis: single
impact and cumulative impacts. Both single impact analysis
and cumulative impact analysis may take into account
player’s position (e.g., quarterback, linebacker, and running
back in football, for example) and player’s skill/playing
level (e.g., elementary, high school, college or professional).
The control module 1230 sends an alert to the alert unit 1120
for all impacts exceeding single impact over-exposure
threshold. The single impact over-exposure threshold may
be at the level that is inclusive of diagnosed concussion.
Additionally, the single impact over-exposure threshold may
be at the level that are typically experienced during play
(e.g., warning that excessive exposure has occurred). To this
end, the single impact over-exposure threshold may be set at
the 99th percentile of impact exposure for two weighting
factors: skill level (youth, high school, NCAA, Pro) and
position (DB, DL, LB, OL, QB, RB, ST, WR). The 99th
percentile of impact exposure may be obtained from teams
associated with different skill level.

[0059] As another example, to measure the player’s tem-
perature, each in-helmet unit 1200 includes at least one
temperature measuring sensor such as a thermistor, which
comprises resistive circuit components having a high nega-
tive temperature coeflicient of resistance so that the resis-
tance decreases as the temperature increases. Alternatively,
the temperature sensor is a thermal ribbon sensor or a
band-gap type integrated circuit sensor. To measure both the
acceleration and temperature of the player’s body part, the
sensors can be a combination of accelerometers and therm-
istors operably connected to the control module 1230.
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Where the system 1100 is configured for use with a football
team to measure and monitor head acceleration and player
body temperature, the sensors are accelerometers and therm-
istors that are arrayed in an in-helmet unit 1200 for each
player. To measure other physiological parameters, such as
the player’s heart rate and blood pressure, the sensors are
micro electromechanical system (MEMS) type sensors that
use auscultatory (e.g., listening to the internal sounds made
by the body) and/or oscillometric (e.g., oscillations of the
arterial pulse) measurement techniques. In another embodi-
ment, the sensors may include low acceleration (low G)
accelerometers that are configured to measure small move-
ments of the player’s head consistent with balance problems.
The system 1100 includes an algorithm that calculates and
observes a player’s balance between plays or during
extended stoppages in play, such as when a penalty is being
assessed or a timeout. In this manner, the player’s physi-
ological parameter can be measured on the field of play,
instead of the sideline. When a player assumes the ready
position prior to the commencement of the play, for example
a three-point stance, the low G accelerometers and the
algorithm would detect player movements indicative of
balance problems and a concussion.

[0060] Inan embodiment where the system 1100 monitors
each player’s body temperature, the alert unit 1120 receives
data from the in-helmet units 1200 and then calculates each
player’s body surface temperature, the rate of temperature
increase and/or decrease versus a selected time interval. In
addition to the temperature sensor, the system 1100 can
include an additional temperature and/or humidity sensor to
measure ambient conditions and use the resulting data for
correction purposes. When the system 1100 is configured for
player body temperature monitoring in helmeted team
sports, the in-helmet unit 1200 can be positioned within the
helmet 1100 or within other protective equipment worn by
each player, such as a shoulder pad assembly. The alert unit
1120 receives the temperature data from each in-helmet unit
1200 and then applies an algorithm to calculate the player’s
body surface temperature, the rate of temperature increase
and/or decrease, and other temperature-based parameters
that aid in the evaluation of player thermal management.

[0061] FIG. 4 provides a table 1400 displaying the HITsp
exposure thresholds for a lower level skill level of players
(e.g., high school players) for various player positions (e.g.,
defensive backs (DB), defensive line (DL) and linebacker
(LB)). The number of lower level players for each of the
three positions is provided, as well as the total number of
impacts for each player position. Data from additional
players in different positions (offensive line, quarterback,
running back, wide receiver, and special teams) was
obtained but is not included in FIG. 4. The data in table 1400
was collected from players among 12 teams using the
systems and methods described in U.S. patent application
Ser. Nos. 10/997,832; 11/225,880; and 11/328,445. The
table 1400 includes players row 1410, impacts row 1412,
and the HITsp exposure threshold row 1416 for specific
player positions, wherein the threshold T1-T3 can be set by
the system operator (e.g., the 99th percentile) and subse-
quently adjusted. Applicants have determined that the HI Tsp
exposure threshold T1-T3 varies with player position, i.e.,
among defensive backs, defensive linemen and linebackers.
[0062] FIG. 5 provides a table 1500 displaying the HITsp
exposure thresholds for a higher skill level of players (e.g.,
college and/or professional players) for defensive backs
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(DB), defensive line (DL) and linebacker (LB) player posi-
tions. The number of upper level players for each of the three
positions is provided, as well as the total number of impacts
for each player position. Data from additional players in
different positions (offensive line, quarterback, running
back, wide receiver, and special teams) was obtained but is
not included in FIG. 5. The exemplary table 1500 was
collected from the prior monitoring of numerous football
teams. The table 1500 includes players row 1510, impacts
row 1512, and the HITsp exposure threshold row 1516,
wherein the threshold T4-T6 can be set by the system
operator (e.g., the 99th percentile) and subsequently
adjusted. Applicants have determined that the HITsp expo-
sure threshold T4-T6 varies with player position, i.e., among
defensive backs, defensive linemen and linebackers. Appli-
cants have also determined that between the player posi-
tions, the HITsp exposure thresholds for the higher skill
level players exceed the thresholds for the lower level skill
players.

[0063] The control module 1230 sends an alert to the alert
unit 1120 when a cumulative impact to the player over the
defined period of time exceeds the multiple impact over-
exposure threshold, even if none of the individual impact
exceeds the single impact threshold. The cumulative impacts
correspond to multiple impacts over a defined period of
time. The defined period of time corresponds to seven days
in one specific example. The accumulation process may
assign a “weight” to older impacts. The accumulation pro-
cess also allows for removal of older impacts that are beyond
the time period to allow for newer impacts to be added.
Applicants have determined that alerts based upon cumula-
tive over-exposure increases sensitivity of the system 1100
to diagnosed concussion by a considerable amount.

[0064] FIG. 6 illustrates an exemplary flow 1700 for
creation of time-weighted cumulative severity metric. As
shown, if the impact is greater than 95 percentile for the
given skill level and position, the impact is recorded in a
database (e.g., shown as a bucket for illustrative purposes).
Overtime, the impact is subjected to time “weighted” decay
to reduce the level of impact. For example, the impact that
recorded 4 days ago may be multiplied by 0.4 weighting
factor, thereby reducing the level of impact. Once the
cumulative impact recorded in the database exceeds the
multiple impact over-exposure threshold, the alert is gener-
ated and sent to the alert unit 1120. The cumulative impact
increases sensitivity for “delayed diagnosis” concussion,
which are typically associated with lower peak severity. In
one example, “delayed diagnosis™ concussions means con-
cussions that were not directly diagnosed following an
observed impact and instead were diagnosed later in the day
or the next day. Impact associated with the “delayed diag-
nosis” is the maximum severity impact of the day. One
skilled in the art recognizes that weighting variables (e.g,,
time window, decay function, input threshold) are adjust-
able. The control module 1230 may be housed inside trans-
lucent housing.

[0065] FIGS. 7A-7C illustrate an exemplary control mod-
ule 1230. FIG. 7A illustrates a perspective view of the
control module 1230 having a housing 1234 and a connector
1232. FIG. 7B illustrates a front view of the control module
1230 with LED indicators 1236 to show operational or
connectivity status, such as successful pairing of the control
module 1230 with its corresponding alert unit 1120. FIG. 7C
is a rear view of the control module 1230 with the rear
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portion of the housing 1234 removed. A battery 1238
provides power to the control module 1230 and may be a
standard sized battery, thereby allowing for cost effective
and simple replacement.

[0066] The control module 1230 may send an alert to the
alert unit 1120 for all impacts exceeding single impact
over-exposure threshold. Similarly, the control module 130
may send an alert to the alert unit 1120 when a cumulative
impacts to the player over the defined period of time exceed
the multiple impact over-exposure threshold even if none of
the individual impact exceeds the single impact threshold.
[0067] To support simultaneous transmissions from mul-
tiple control modules 1230, the signals sent from each
control module 1230 can be divided with any suitable
division process, such as time division multiple access
(TDMA), code division multiple access (CDMA), or fre-
quency division multiple access (FDMA) technology, for
example. As a TDMA example, up to four teams may be
assigned to any one computer at an institution. Each team
may communicate with up to 150 players simultaneously. A
team may have up to two alert monitors per team or eight
alert monitors in total assigned to the computer. A team may
be defined as freshman, junior varsity (JV), varsity or varsity
offense, varsity defense, for example. Users may define
whatever construct they want. Players assigned to teams are
not heard or seen by alert monitors from a different team.
Each team is assigned a different operating channel based on
the 802.15.4 standard operating within the 2.4 Ghz band.
Two alert monitors per team may co-exist and may simul-
taneously receive alerts from players. For example, it takes
approximately 2.4 seconds for an alert monitor to scan for
150 player units. To accommodate simultaneous receipt of
an alert, alert monitors initially wake up listening for other
alert monitors in close vicinity. If the newly woken alert
monitor hears another alert monitor in close vicinity, the
newly woken alert monitor is able to determine the next
available scan period. If an alert monitor scans every 9.6
seconds for about 2.4 seconds, this allows up to four alert
monitors to co-exist in a TDMA scenario. For example, this
leaves two alert monitors per team (e.g. visitor and home) to
co-exist.

[0068] FIGS. 8A-8I illustrate an exemplary process for
starting the PMS and assigning a in-helmet unit 1200 to a
specific alert unit 1120. FIG. 8A illustrates an exemplary
User Interface (UI) 2000A that is demonstrated to the user
upon activation of the PMS. The PMS may be activated by
selection of its respective icon on the user terminal 1130.
[0069] FIG. 8B illustrates an exemplary Ul 2000B inform-
ing the user that PMS is searching for a new alert unit 1120.
The UI 2000B requests the user to connect an alert unit 1120
to the user terminal 1130. The alert unit 1120 may be
connected to the user terminal 1130 via a USB connection.
When the user connects the alert unit 1120 to the user
terminal 1130, PMS automatically brings up the “Adding a
New Alert Unit” Wizard.

[0070] FIG. 8C illustrates an exemplary Ul 2000C inform-
ing the user that the alert unit 1120 has been detected. The
UI 2000C also requests that the user name the alert unit 1120
for easy alert monitoring management and clicks next. To
this end, if the user has more than one alert unit 1120, the
user may disconnect the alert unit 1120 and connect the
second alert unit 1120 and repeater this process until the user
has added all new alert units 1120 and named them. Then,
the user can move on to configuring the player helmets 1110.
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[0071] Once the user completed the alert unit 1120 wizard,
the user can configure the in-helmet unit 1200 using the
player helmet wizard. First, the user has to make sure that
the control module 1230 is connected to the sensor assembly
1220 of the THU 1200 inside the helmet overliner (overliner
can be in or outside of the helmet). Upon connecting the
control module 1230 with the sensor assembly 1220, the
user should see a red light blink 3 times to indicate the power
is connected. Then, the user should ensure that the user
terminal 1130 is connected to one of the alert units 1120 and
alert unit wizard is completed. Once the alert unit wizard is
completed, the player helmet wizard appears on the user’s
PC display. The player helmet wizard may also appear when
the user configures new in-helmet unit 1200 while working
with the PMS.

[0072] The player helmet wizard displays “equipment
assignments” tab selection of which allows the user to add
a player helmet. If the user wishes to add more player
helmets the user may select a “+” button within the “equip-
ment assignments” window. To synchronize the player hel-
met that have been assigned to a specific alert unit 1120, the
player helmet wizard instructs the user to press the round
“Sync” button on the in-helmet unit 1200 until the orange
light starts blinking quickly. FIG. 8D illustrates an exem-
plary UI 2000D instructing the user to hold the “Sync”
button on the in-helmet unit 1200 for five seconds to enable
the in-helmet unit 1200 to be associated with the alert unit
1120 connected to the user terminal 1130.

[0073] FIG. 8E illustrates an exemplary UI 2000E allow-
ing the user to assign a new player to the added in-helmet
unit 1200. To add a new player, the UI 2000E instructs the
user to “Player Set-up” tab and select “Player List” tab
within a window generated as a result of selection of “Player
Set-up” tab. The user may select the “+” button at the bottom
of the window to insert a player into the list of players. From
there, the user can name the player’s jersey number, which
may be used for alert identification. Additionally, the user
may select the drop down box in this window to select the
player’s position, assign a in-helmet unit 1200 to the player
from among the various in-helmet units 1200 that have been
added to PMS. To this end, in-helmet units 1200 that have
been added to the system will automatically appear on the
drop down list. Additionally, the user may select the drop
down box to identify the player’s playing level. After
identification of these criteria for the player, the user can
save the changes and can click “+” button add more players
to the system.

[0074] FIG. 8F illustrates an exemplary Ul 2000F allow-
ing the user to create a roster. Rosters can include the whole
team or subsets of teams (e.g., offense, defense, JV, fresh-
man, etc.). To create a roster, the user will select the “Roster
List” tab. In keeping with the previous example, the user
selects “+” button appearing on the window generated as a
result of the selection of the “Roster List” tab to create a new
roster. Then, as shown in UI 2000F, using the check box to
the left of the player ID, the user selects the player the user
wishes to have in the roster and save the changes. In one
implementation, only the players with an assigned player
helmet and position will be listed among the list of drop
down menu.

[0075] FIG. 8G illustrates an exemplary UI 2000G allow-
ing the user to assign the roster to an alert unit 1120. After
creating the roster, the user should assign it to the alert unit.
To do so, the user may go to “Equipment Assignments” tab
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and select “Alert Monitor” tab within the window generated
by selection of “Equipment Assighments” tab. Then, the
user may click on the alert monitor option and the roster list
that it be paired to. As shown, in Ul 2000G, alert unit
“monl” is paired with “roster 1.” The user may then click
“Save Changes” button. Additionally, the user can change
the alert type for this alert unit using the drop down box on
the right of Ul 2000G. Next, to communication this infor-
mation to the player helmet, the user should synchronize.
The “SYNC REQUIRED” tab in the top right will change
color to indicate that a sync is required.

[0076] FIG. 8H illustrates an exemplary UI 2000H allow-
ing the user to identify the in-helmet unit(s) 1200 that
require a sync and the process for syncing same. To learn
which in-helmet unit 1200 among the many configured units
1200 require a sync, the user can hover cursor over the
“SYNC REQUIRED” tab on the UI 2000H. If one or more
in-helmet units 1200 require a sync, these in-helmet units
1200 will appear in the drop down list. The user can then
select the necessary in-helmet units 1200 in the list to start
the synchronization wizard. The UI 2000H may alert the
user to ensure that there is an alert unit 1120 connected to the
PC terminal 1130 before selecting a sync for the identified
in-helmet unit 1200. Next, the user is instructed to hold the
round sync button for the selected player helmet 1110 for
prolonged period of time (e.g., 5 seconds). Once the orange
light starts to blink, the selected player helmet 1110 is
synced with the in-helmet unit 1200. The user can then
continue with the wizard instructions noted above until all of
the identified in-helmet units 1200 are synced.

[0077] FIG. 81 illustrates an exemplary UI 20001 allowing
the user to identify the alert units 1120 that require a sync
and to sync the identified alert units 1120. To complete the
sync required for alert units 1120, the user can hover cursor
over the “SYNC REQUIRED” tab on the UI 20001. If one
or more alert units 1120 require a sync, alert units 1120 will
appear in the drop down menu. The user can then select one
of the identified alert units 1120 while the alert unit 1120 is
connected to the user terminal 1130 to sync the alert unit
1120. Once the “SYNC REQUIRED” image is grayed out,
the sync is completed and the user is ready to use the system
1100.

[0078] FIG. 9 illustrates an exemplary Ul 2100 allowing
the user to download alerts. To download alerts, the user
opens PMS application and connects the alert unit 1120 to
the computer. The PMS application will then automatically
check the alert unit 1120 for new alerts and downloads and
displays them to the “ALERT MANAGEMENT” tab. New
alerts may be shown as bold and checked. Bolded alerts are
considered “Unread” alerts. Selecting them will un-bold the
text. Also, selecting “Mark As Read” button will un-bold all
check alerts. Selecting the “Delete” button will remove all
checked alerts from the list. To save alerts, user can export
the data to the excel by selecting “Export to Excel” button
on UI 2100. Selecting “Export to Excel” creates a comma
delimited file of all checked alerts. The columns in the file
correspond with the columns in the software.

[0079] FIG. 10 illustrates an exemplary Ul 2200 allowing
the user to modify system settings. To do so, the user selects
“SYSTEM SETTINGS” on the UI 2200, which results in
display of “default settings” icon and “data” icon. The
“default settings” icon allows the user to set the default skill
level for newly created player. The “data” icon allows the
user for backing up of the database. This can be used for
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general disaster recovery or to switch computers and keep
the data. The bottom section of UI 2200 allows for updating
of firmware for both in-helmet units 1200 and alert units
1120.

[0080] FIG. 11 illustrates an exemplary alert unit 1120.
The alert unit 1120 is configured to display three types of
alert signals: sound, visual (e.g., blinking light on alert unit),
and vibration. The alert signal is received when the alert unit
1120 is within 50 yards of the in-helmet unit 1200. The alert
signal is stored within the control module 1230 of the
in-helmet unit 1200 until the alert unit 1120 is within range.
Once the alert unit 1120 is turned ON, it will display a
standard menu. The menu includes “Alerts,” “Check-ins,”
and “Settings” options. The selection of the “Alerts” option
allows the user to view the existing alerts for various
players. The alerts may identify the name of the player and
the date the alert was generated. The user can select an alert
specific to a player by clicking on the name of the specific
player. The user can then see the type of alert (e.g., single
impact or cumulative impact) for the specific player. The
selection of “Check-in” options allows the user to check-in
players that are present today among the players in the
roster. Selecting this option allows the user to also view
players who are absent today among the players in the roster.
The selection of “settings™ allows the user to set the date and
time in the alert unit 1120.

[0081] This disclosure may also include a method of
evaluating and treating players that experience an Alert
Event. A signaling device may be programmed with inter-
active software (e.g., interactive software programs, signal-
ing device software, interactive wizards, interactive wizard
programs, wizard software, wizard programs, wizard soft-
ware programs, wizard software package) that assures best
practices are followed in the treatment and documentation of
injuries, such as mild traumatic brain injuries (MTBI). The
interactive software may include a bundle of team manage-
ment programs which enables the signaling device to store
all team data, including medical histories and testing base-
lines. The interactive software also provides the signaling
device with an active response protocol for guiding sideline
personnel through appropriate examination procedures and
recording the results. For example, when an Alert Event
occurs and the relevant player is brought to the sideline for
evaluation, the signaling device can display the individual’s
head-injury history, the results of previous evaluations and
other pertinent medical data. With the assistance of the
interactive software, the signaling device prompts the medi-
cal staff member to conduct the appropriate sideline exami-
nation, records the responses, compares the results to estab-
lished baselines and prompts either further testing or a
play/no-play decision. The interactive software further
includes a bundle of team management tools that includes a
roster program which contains all the basic information
about each individual player: e.g., contact information,
which sports they play (including position and jersey num-
ber), emergency information, relevant sizes, equipment
issues and availability to play. Information can be stored and
sorted in a variety of ways, such as by team, person item and
size. The interactive software may also include a session
manager program that allows the coaching staff to document
incidents as they occur during a practice or a game. The
appropriate information about the team, players and condi-
tions is entered at the beginning of each session. Then, as
injuries occur, the interactive software provides a template
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for recording injury data on a per player basis. The data and
results stored on the device can be uploaded to the database
wherein authorized users can access same for team man-
agement and player evaluation functions.

[0082] The database 1150 may be configured to store and
provide access to parameter data measured by the in-helmet
unit (or monitoring unit) 1200 and calculated data from any
of the control module 1230, the alert unit 1120, and the user
terminal 1130. For example, the database 1150 serves as a
team administrator database for the athletic department of a
college or university, wherein the database 1150 functions as
an interactive clearinghouse or warehouse for all athlete
information shared among various departments or sports.
The database 1150 allows the user to create players and
assign player units to players, to review historical alerts and
to update new firmware on both alert monitors and player
units. No internet connection is required except to download
new firmware and/or software. The database 1150 may be
internet enabled to provide remote access to authorized
users, including coaches, trainers, equipment managers and
administrators, which allows the users to keep abreast of
changes in players’ status. The database 1150 also provides
a host of administrative and management tools for the team
and administrative staff. The database 1150 can be a com-
ponent of the college’s broader computer network system
and interact with other databases associated with the system
1100. On a smaller level, such as that found in high schools,
the database 1150 can be located on the user terminal 1130,
wherein personnel associated with the high school have
access, either direct or remote.

[0083] As known in the data processing and communica-
tions arts, a general-purpose computer typically comprises a
central processor or other processing device, an internal
communication bus, various types of memory or storage
media (RAM, ROM, EEPROM, cache memory, disk drives
etc.) for code and data storage, and one or more network
interface cards or ports for communication purposes. The
software functionalities involve programming, including
executable code as well as associated stored data. The
software code is executable by the general-purpose com-
puter that functions as the user terminal 1130. In operation,
the code is stored within the general-purpose computer
platform. At other times, however, the software may be
stored at other locations and/or transported for loading into
the appropriate general-purpose computer system.

[0084] FIGS. 12 and 13 provide functional block diagram
illustrations of general purpose computer hardware plat-
forms. FIG. 12 illustrates a network or host computer
platform, as may typically be used to implement a server.
FIG. 13 depicts a computer with user interface elements, as
may be used to implement a personal computer or other type
of work station or terminal device, although the computer of
FIG. 13 may also act as a server if appropriately pro-
grammed. It is believed that those skilled in the art are
familiar with the structure, programming and general opera-
tion of such computer equipment and as a result the draw-
ings should be self-explanatory.

[0085] A server, for example, includes a data communi-
cation interface for packet data communication. The server
also includes a central processing unit (CPU), in the form of
one or more processors, for executing program instructions.
The server platform typically includes an internal commu-
nication bus, program storage and data storage for various
data files to be processed and/or communicated by the
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server, although the server often receives programming and
data via network communications. The hardware elements,
operating systems and programming languages of such
servers are conventional in nature, and it is presumed that
those skilled in the art are adequately familiar therewith. The
server functions may be implemented in a distributed fash-
ion on a number of similar platforms, to distribute the
processing load.

[0086] Hence, aspects of the methods for operating the
system 1100 outlined above may be embodied in program-
ming. Program aspects of the technology may be thought of
as “products” or “articles of manufacture” typically in the
form of executable code and/or associated data that is
carried on or embodied in a type of machine readable
medium. “Storage” type media include any or all of the
tangible memory of the computers, processors or the like, or
associated modules thereof, such as various semiconductor
memories, tape drives, disk drives and the like, which may
provide non-transitory storage at any time for the software
programming. All or portions of the software may at times
be communicated through the Internet or various other
telecommunication networks. Thus, another type of media
that may bear the software elements includes optical, elec-
trical and electromagnetic waves, such as used across physi-
cal interfaces between local devices, through wired and
optical landline networks and over various air-links. The
physical elements that carry such waves, such as wired or
wireless links, optical links or the like, also may be consid-
ered as media bearing the software. As used herein, unless
restricted to non-transitory, tangible “storage” media, terms
such as computer or machine “readable medium” refer to
any medium that participates in providing instructions to a
processor for execution.

[0087] Hence, a machine readable medium may take many
forms, including but not limited to, a tangible storage
medium, a carrier wave medium or physical transmission
medium. Non-volatile storage media include, for example,
optical or magnetic disks, such as any of the storage devices
in any computer(s) or the like, such as may be used to
implement the methods for enabling operation of system
1100. Volatile storage media include dynamic memory, such
as main memory of such a computer platform. Tangible
transmission media include coaxial cables; copper wire and
fiber optics, including the wires that comprise a bus within
a computer system. Carrier-wave transmission media can
take the form of electric or electromagnetic signals, or
acoustic or light waves such as those generated during radio
frequency (RF) and infrared (IR) data communications.
Common forms of computer-readable media therefore
include for example: a floppy disk, a flexible disk, hard disk,
magnetic tape, any other magnetic medium, a CD-ROM,
DVD or DVD-ROM, any other optical medium, punch
cards, paper tape, any other physical storage medium with
patterns of holes, a RAM, a PROM and EPROM, a FLASH-
EPROM, any other memory chip or cartridge, a carrier wave
transporting data or instructions, cables or links transporting
such a carrier wave, or any other medium from which a
computer can read programming code and/or data. Many of
these forms of computer readable media may be involved in
carrying one or more sequences of one or more instructions
to a processor for execution.

[0088] While the foregoing has described what are con-
sidered to be the best mode and/or other examples, it is
understood that various modifications may be made therein
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and that the subject matter disclosed herein may be imple-
mented in various forms and examples, and that the teach-
ings may be applied in numerous applications, only some of
which have been described herein. It is intended by the
following claims to claim any and all applications, modifi-
cations and variations that fall within the true scope of the
present teachings.

[0089] For example, the system 1100 may be equipped
with an automatic on/off system that detects the system is in
use. This feature prevents the potential of false alarms due
to handling helmet outside the field use and provides
extended battery life (1+ season of use without a battery
change). The system 1100 is an Omni-Directional device. To
this end, the system 1100 has five distinct channels. The
distinction of channels enables the calculation of not only
the severity of the impact, but also the location of impact.
This location estimate is an important component of the
HITsp calculation. The impact location factor increases the
sensitivity of the over-exposure threshold to providing direc-
tion on the possibility of concussion.

[0090] In another implementation, the shake sensor is used
for pairing, power up, power down. The shake sensor is a
motion sensor. The system will go to sleep if there is no
motion.

[0091] In another implementation, as noted above, when a
single or multiple impact exceeds the threshold (either a
single threshold or cumulative threshold), an alert is wire-
lessly transmitted from the in-helmet units 1200 to the alert
unit 1120. The transmission from the in-helmet units 1200 to
the alert unit 1120 may be encoded with the player’s unique
identifier.

[0092] In one implementation, the alert unit provides
acknowledgment of the alert unit to the player helmet. The
player helmet may not check-in with alert unit during the
course of play, and the alert unit does not query the player
helmet during the course of play. However, the player
helmet may check with the alert unit once every day
independent of alert. This allows the player helmet to update
time and provides a basic check of system function by the
user with the alert unit. Update time is to sync times between
player helmet and alert unit. Alert times are therefore
relative to alert unit times, which is realistically actual time.
The alert unit gets updated from the computer every time it
is connected, which keeps time drift very low. Also, time
accuracy is maintained on the alert unit when not connected
to a PC by using an onboard real-time clock.

[0093] In another implementation, the system can identify
and report improper tackling technique, i.e., spearing (head
first) tackling. To this end, the system may record impact
frequency by magnitude and location and report that infor-
mation back to the user.

[0094] Other implementations are contemplated.

1. A system for transmitting impact alerts to a portable
alert unit based upon impacts received by a specific player
in a subset of multiple players that are engaged in play of a
contact sport, the system comprising:

a plurality of monitoring units, each individual monitor-
ing unit configured to be worn by one of the specific
players in the subset of multiple players, said monitor-
ing unit is configured to: (i) transmit a first alert that is
based upon a single impact value and (ii) transmit a
second alert that is based upon a cumulative impact
value,
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wherein the monitoring unit is configured to generate
the single impact value when the monitoring unit
measures an value that exceeds a first predetermined
threshold,

wherein the monitoring unit is configured to generate
the cumulative impact value from an accumulation
of single impact values that exceed a second prede-
termined threshold while the player is engaged in
playing the contact sport over an extended period of
time,

wherein the monitoring unit is configured to transmit
the first alert to a portable alert unit when the single
impact value exceeds a third predetermined thresh-
old, and

wherein the monitoring unit is configured to transmit
the second alert when the cumulative impact value
exceeds a fourth predetermined threshold.

2. The monitoring system of claim 1, wherein the moni-
toring unit is comprised of a sensor assembly and a control
module, said control module includes a telemetry unit that is
configured to wireless transmit either the first alert or the
second alert to the portable alert unit.

3. The system of claim 2 further comprising:

a protective sports helmet configured to be worn by the
specific player, wherein the sports helmet includes: (i)
an internal padding assembly and (ii) overliner that is
configured to be positioned between the specific play-
er’s head and the internal padding assembly when the
sports helmet is worn by the specific player; and

wherein the sensor assembly is configured to be posi-
tioned within the overliner.

4. The system of claim 3, wherein the sensor assembly
further comprises a front sensor positioned adjacent a front
region of the sports helmet, a rear sensor positioned adjacent
a rear region of the sports helmet, a left sensor positioned
adjacent a left region of the sports helmet, a right sensor
positioned adjacent a right region of the sports helmet and a
top sensor positioned adjacent a top region of the sports
helmet.

5. The system of claim 1, wherein the value measured by
the monitoring unit is a pressure measurement resulting
from an impact that the specific player received during the
play of the contact sport.

6. The system of claim 1, wherein the single impact value
is a variable that is calculated by weighting impact mea-
surements that were recorded by the monitoring unit during
an impact that the specific player received during the play of
the contact sport.

7. The system of claim 6, wherein the impact measure-
ments include at least three of the following: (i) linear
acceleration, (ii) rotational acceleration, (ii1) impact direc-
tion, (iv) impact location, (v) Head Injury Criterion, (vi)
Gadd Severity Index.

8. The system of claim 1, wherein the monitoring unit is
configured to decrease the cumulative impact value based on
an exponential decay function.

9. The system of claim 1, wherein both the second
predetermined threshold and the third predetermined thresh-
old are weighted to account for the player’s skill level and
the player’s position.

10. The system of claim 1, wherein the transmission of the
first and second alerts to the portable alert unit includes the
transmission of alert information, said alert information
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includes: (i) the specific player’s identification, (ii) whether
the alert was a first alert or a second alert, and (iii) time the
alert occurred.
11. The system of claim 10, further comprising a database
that is configured to store alert information that was received
by the portable alert unit.
12. The system of claim 11, wherein a remote terminal is
configured to identify improper tackling techniques based in
part upon the alert information that is stored in the database.
13. A system for monitoring impact received by a player
engaged in play of a contact sport, the system comprising:
a protective sports equipment configured to be worn
adjacent to the players body part while the player is
engaged in playing the contact sport;
a momitoring unit positioned within the sports equipment
and associated with the player, the monitoring unit
having both a sensor assembly and a control module,
wherein the monitoring unit is configured to generate a
single impact value when the monitoring unit mea-
sures an pressure measurement that exceeds a first
predetermined threshold,

wherein the monitoring unit is configured to generate a
cumulative impact value from an accumulation of
single impact values that exceed a second predeter-
mined threshold while the player is engaged in
playing the contact sport over an extended period of
time, and

wherein the monitoring unit is configured to transmit a
first alert to a portable alert unit when the single
impact value exceeds a third predetermined thresh-
old and is configured to transmit a second alert when
the cumulative impact value exceeds a fourth pre-
determined threshold;

the portable alert unit configured to receive any of the first
alert and second alert transmitted from the monitoring
unit and being further configured to display information
relating to both the received first alert or second alert
and the identification of the player associated with the
received first alert or second alert; and

a remote terminal configured to receive any of the first
alert and second alert from the portable alert unit and
being further configured to display information relating
to both the received first alert or second alert and the
identification of the player associated with the received
first alert or second alert.

14. The system of claim 13, wherein the protective sports
equipment is a helmet that is configured to be worn by the
player, wherein the sports helmet includes: (i) an internal
padding assembly and (ii) overliner that is configured to be
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positioned between the player’s head and the internal pad-
ding assembly when the sports helmet is worn by the player;
and

wherein the sensor assembly is configured to be posi-

tioned within the overliner.

15. The system of claim 14, wherein the sensor assembly
further comprises a front sensor positioned adjacent a front
region of the sports helmet, a rear sensor positioned adjacent
a rear region of the sports helmet, a left sensor positioned
adjacent a left region of the sports helmet, a right sensor
positioned adjacent a right region of the sports helmet and a
top sensor positioned adjacent a top region of the sports
helmet.

16. The system of claim 13, wherein the single impact
value is a variable that is calculated by weighting impact
measurements that were recorded by the monitoring unit
during an impact that the specific player received during the
play of the contact sport.

17. The system of claim 16, wherein the impact measure-
ments include at least two of the following: (i) linear
acceleration, (ii) rotational acceleration, (iii) impact direc-
tion, (iv) impact location, (v) Head Injury Criterion, (vi)
Gadd Severity Index.

18. The system of claim 13, wherein the monitoring unit
is configured to decrease the cumulative impact value based
on an exponential decay function.

19. The system of claim 13, wherein both the second
predetermined threshold and the third predetermined thresh-
old are weighted to account for the player’s skill level and
the player’s position.

20. The system of claim 13, the remote terminal is
configured to identify improper tackling techniques based in
part upon information relating to both the received first alert
or second alert and the identification of the player associated
with the received first alert or second alert.

21. The system of claim 13, wherein the remote terminal
is further configured to report identified improper tackling
techniques to authorized users.

22. The system of claim 13, wherein the remote terminal
is an internet enabled device that allows authorized users to
remotely access information relating to both the received
first alert or second alert and the identification of the player
associated with the received first alert or second alert.

23. The system of claim 13, wherein the remote terminal
is an internet enabled device that allows authorized users to
remotely review historical information relating to both the
received first alert or second alert and the identification of
the player associated with the received first alert or second
alert.
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