(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
22 May 2020 (22.05.2020)

(10) International Publication Number

WO 2020/102405 Al

WIPO I PCT

(51) International Patent Classification:
A42B 3/04 (2006.01) A63B 71/08 (2006.01)

(21) International Application Number:
PCT/US2019/061254

(22) International Filing Date:
13 November 2019 (13.11.2019)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
62/760,117 13 November 2018 (13.11.2018) US

(71) Applicant: PREVENT BIOMETRICS, INC. [US/US];
4530 W 77th St, Suite 300, Edina, MN 55435 (US).

(72) Inventors; and

(71) Applicants: BARTSCH, Adam [US/US]; 3853 Pasco-
lo Bend, Chaska, MN 55318 (US). SHOGREN, Mike
[US/US], 3020 Irving Ave, Minneapolis, MN 55411 (US).

(74) Agent: SCHEER, Bradley, W. et al.; Schwegman Lund-
berg & Woessner, P.A., P.O. Box 2938, Minneapolis, MN
55402 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(54) Title: MULTIPLE SENSOR FALSE POSITIVE DETECTION

w0 20207102405 A1 |0 F000 0 KOO 0 0 O 00 0

(57) Abstract: A system (150) for sensing impacts may include a first sensing system (204) configured for placement on a user and to
sense inertial motion and establish a first sensor result, a second sensing system (206) configured to sense inertial motion and establish
a second sensor result, and a processor for comparing the first sensor result to the second sensor result to assess whether the first and
second sensor results are indicative of a same impact.

[Continued on next page]



WO 2020/102405 A1 | [0} 0000000000

TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

WO 2020/102405 PCT/US2019/061254

MULTIPLE SENSOR FALSE POSITIVE DETECTION

CROSS-REFERENCE TO RELATED APPLICATIONS

[001] The present application claims priority to U.S. Provisional Application No. 62/760,117
filed on November 13, 2018 entitled Multiple Device False Positive Detection, the content of

which is hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

[002] The present disclosure relates to systems for sensing impact-related motion. More
particularly, the present disclosure relates to systems for sensing head or related motion that
may have implications relating to slight, ongoing, and/or severe brain injury. Still more
particularly, the present disclosure relates to systems for sensing inertial motion and isolating
relevant inertial motion from irrelevant inertial motion and analyzing relevant inertial motion

for impacts.

BACKGROUND OF THE INVENTION

[003] The background description provided herein is for the purpose of generally presenting
the context of the disclosure. Work of the presently named inventors, to the extent it is
described in this background section, as well as aspects of the description that may not
otherwise qualify as prior art at the time of filing, are neither expressly nor impliedly admitted
as prior art against the present disclosure.

[004] Sensing head impacts for purposes of assessing risk of brain damage has come to the
forefront in many activities. Sensor systems on helmets, on skin patches, on mouth guards, or
on other systems or devices have been studied and implemented. Several difficulties exist with
respect to obtaining accurate and precise results. For example, helmets are designed to reduce
and/or distribute impact loads to the head via a relatively loose helmet-to-head coupling, so
sensors on the helmet may sense impacts that are higher or otherwise different than those that
are passed onto the head and the direction and/or magnitude of the impact on the helmet may
create uncertainty as to the forces experienced by the head. One particular difficulty with
respect to obtaining accurate and precise results across many systems relates to false positives.
For example, impacts may be sensed by equipment when a user drops the equipment or drops

or sets down a bag that the equipment is in. Still other impacts may be sensed when a bag is
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being carried and swings against an obstruction. These and other impacts that may be sensed
by an impact sensor are not relevant to head impacts and are preferably screened out of the data
that is collected and more seriously assessed.

[005] Some preliminary efforts to rule out false positives for mouthguard-based systems have
focused on assuring that the mouth guard is in on the teeth. For example, a proximity sensor
has been suggested as a method for determining when the mouthguard is on the teeth.
However, when not in use, users have been known to turn the mouthguard sideways and chew
on it, which may trigger the proximity sensor(s) and result in false positive readings. Also, a
user may put a finger, lip, or article of clothing in front of the sensor causing the system to
believe, so to speak, that it is on the teeth. Simple on/off switches have also been suggested,
but may only be helpful to the extent the device is turned off when not being actively used
during situations where impact results are desired. (i.e., during a game when the player is not
on the field and has his/her helmet off or mouthguard out of the mouth). Counting on users to

constantly activate and deactivate sensors is not reliable.

SUMMARY

[006] The following presents a simplified summary of one or more embodiments of the
present disclosure in order to provide a basic understanding of such embodiments. This
summary is not an extensive overview of all contemplated embodiments, and is intended to
neither identify key or critical elements of all embodiments, nor delineate the scope of any or
all embodiments.

[007] In one or more embodiments, a system for sensing impacts may include a first sensing
system configured for placement on a user and to sense inertial motion and establish a first
sensor result. The system may also include a second sensing system configured to sense inertial
motion and establish a second sensor result. The system may also include a processor for
comparing the first sensor result to the second sensor result to assess whether the first and
second sensor results are indicative of a same impact.

[008] In one or more embodiments, a method for ruling out false positives may include
receiving a first sensor result from a first sensing device configured for placement on a user,
receiving a second sensor result from a second sensing device, and comparing the first sensor
result to the second sensor result. The method may also include assessing whether the first and
second sensor results are indicative of a same impact.

[009] While multiple embodiments are disclosed, still other embodiments of the present

disclosure will become apparent to those skilled in the art from the following detailed
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description, which shows and describes illustrative embodiments of the invention. As will be
realized, the various embodiments of the present disclosure are capable of modifications in
various obvious aspects, all without departing from the scope of the present disclosure.
Accordingly, the drawings and detailed description are to be regarded as illustrative in nature

and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[010] While the specification concludes with claims particularly pointing out and distinctly
claiming the subject matter that is regarded as forming the various embodiments of the present
disclosure, it is believed that the invention will be better understood from the following
description taken in conjunction with the accompanying Figures, in which:

[011] FIG. 1is a perspective view of a multiple sensor system for sensing inertial motion and
ruling out false positive data, according to one or more embodiments.

[012] FIG. 2 is a perspective view of another multiple sensor system for sensing inertial
motion and ruling out false positive data, according to one or more embodiments.

[013] FIG. 3 is a perspective view of another multiple sensor system for sensing inertial
motion and ruling out false positive data, according to one or more embodiments.

[014] FIG. 4 is a perspective view of another multiple sensor system for sensing inertial
motion and ruling out false positive data, according to one or more embodiments.

[015] FIG. 5 is a diagram of a method of ruling out false positive inertial motion results,

according to one or more embodiments.

DETAILED DESCRIPTION

[016] The present application, in one or more embodiments, includes multiple sensors each
configured for sensing inertial motion of a user. The multiple sensors may each be part of a
device configured for protecting a particular portion of the body in addition to having sensing
capabilities and may take the form of a helmet or a mouthguard, for example. In other cases,
one or more of the sensor devices may be dedicated to sensing impact without necessarily
providing protection, such as a patch, for example. Another example may include a body-worn
system attached to the user’s thorax, for example. Another example may include a video-based
sensor system configured for co-locating potential impacts via cameras placed at known
locations around a playing field. The sensors may be part of a same device or part of separate
devices. In one or more embodiments, the devices may be commonly or almost always used

with one or more of the other devices during activities where relevant inertial motion is
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expected. Moreover, the devices may also be unlikely to experience the same inertial motion
when not in use during those activities. As such, during the activities the devices should sense
the same inertial motions and outside of those activities, the devices may have a low likelihood
of sensing the same inertial motion. Where one of the sensors senses an inertial motion and
another sensor simultaneously senses an inertial motion, the probability that the sensed inertial
motion is a false positive may be very low. Rather, it is likely that simultaneously sensed
inertial motions, or near-simultaneously sensed inertial motions, relate to the same inertial
motion of the user and that the motion is a relevant motion that occurred during the activity.
In addition, where first and second sensors sense an inertial motion that is the same, the
probability that the sensed inertial motion is a false positive may, again, be very low.

[017] FIG. 1 shows a multi-sensor system 50, according to one or more embodiments. For
example, as shown, the system may include a mouthguard-based sensing device 100 and a
helmet-based sensing device 102. As mentioned, the sensors may be part of protective devices
such as mouthguards, helmets, or other injury prevention devices. In one or more
embodiments, the sensors or sensing systems may be a first sensing system 104 with one or
more sensors and a second sensing system 106 with one or more sensors. The sensors may be
part of devices that are likely or commonly worn or used together when participating in an
activity, such as a military activity of training for firearms, combatives, parachuting or the like,
as well as a sporting activity like football, hockey, soccer, lacrosse, or other sports. The sensing
systems 104/106 may also include power supplies and processors and/or storage means for
storing the sensor results. Communication means may also be provided such as Bluetooth or
other short range communication or Wi-Fi or cellular communication technologies. Still other
communication technologies may be provided.

[018] The multi-sensor system 50 may be configured for sensing inertial motion of a user and
analyzing and/or communicating the results of those impacts. For example, each of the sensing
systems 104/106 may be the same or similar to those that are shown and described in U.S.
Patents 9,044,198, 9,149,227, 9,289,176, and 9,585,619, the contents of which are incorporated
by reference herein in their entireties. Still other sensing systems and process may be used,
such as those described in U.S. Patents 8,537,017, 8,466,794, 9,526,289, 8,554,495, and
9,554,607, the contents of which are incorporated by reference herein in their entireties. Still
other sensing systems and processes may be used, such as those described in U.S. Patent
Applications 13/009,580, 14/040,157, and 14/040,111, the contents of which are incorporated

by reference herein in their entireties.
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[019] In one or more embodiments, the first and second sensing systems 104/106 may be
configured to sense inertial motion of a user and establish first and second sensor results,
respectively, such that the results can be compared in an effort to rule out false positive results.
The first and second systems 104/106 may be configured for placement on a user
simultaneously with each other or other devices. The first and second sensing systems may be
configured to communicate the sensor results to one or the other of the sensor systems or to a
central processing station or system. A processor on or with one of the sensor systems or the
central processing station may be configured to compare the first sensor result with the second
sensor result to assess whether the first and second sensor results are indicative of a same
inertial motion. In one or more embodiments, one of the sensor systems may be on a device
that has more space available, such as a helmet compared to a mouthguard. In one or more
embodiments, one of the sensor systems may function as a hub or master, so to speak, and may
receive information from the other sensor system and the hub or master may be responsible for
higher power processing, communicating longer distances, and/or communicating more
information, for example.

[020] In one embodiment, a comparison of the sensor system results may not involve
comparing the nature of the results. For example, in one or more embodiments, the timing of
the results may be relevant. That is, the first and second sensing systems may include a time
stamp or other indication of time with the sensor results such that the absolute or relative time
of the sensed inertial motion may be stored. One of the systems 104/106 or a central processing
station may be configured for comparing the sensor results from each of the sensors to
determine if the sensors were sensing the same inertial motion and, thus, likely reflect a true
positive data point or data set or whether the results are, instead, spurious inertial data. For
example, the processor may be configured to compare a first time stamp of the first sensor
result to a second time stamp of the second sensor result and to label the sensor results true
positive results when the first time stamp and the second time stamp indicate simultaneous or
near-simultaneous sensed inertial motion. In one or more embodiments, the first and/or second
time stamp may be compared to each other when being used during play, practice, or a game,
for example. That is, time ranges of play, practice, or games may be used to reduce or eliminate
readings outside of those ranges, which may be inherently irrelevant.

[021] Additionally or alternatively, a same inertial motion may be determined by comparing
the nature of the sensed inertial motion to see how similar the sensed inertial motions are. For
example, the processor may be configured to analyze the first sensor result and the second
sensor result to establish a resulting first inertial motion and a resulting second inertial motion.

5
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This analysis may include translating one or both sensor results to a common point. For
example, each sensor result may be translated to the center of gravity of the head or another
useful point of reference such as a point on the head, skull, or brain, for example. In other
embodiments, the sensor results may be translated to the known location of the other sensor
such that only one of the sensor results is translated and the other is unchanged. In either case,
data defining the position and orientation, or the intended position and orientation, of the
sensing system on the body may be used to perform the translation. Translation of the data
may be performed based on one or more of the translation algorithms outlined in the above-
referenced patents and/or applications.

[022] After translating the results to a common point, the results may be compared. The
comparison may involve comparing selected parameters of the first and second resulting
inertial motions. Parameters that may be compared may include linear and rotational
magnitude, frequency, phase, force, moment, momentum, energy, direction, jerk, acceleration,
rotation, velocity, and/or displacement. Other parameters may also be used and, as mentioned
above, parameters that do not require translation for comparison may also be used.

[023] Where translated inertial motion from separate sensors results in a same or similar
parameter or group of parameters of an inertial motion, the probability that the sensors sensed
the same inertial motion may be very high and may, thus, be indicative of a true positive result.
In one or more embodiments a combination of time comparisons and parameters of inertial
motion comparisons may be used. In one or more embodiments, each sensor may calculate
and report a probability or confidence score that the impact is a true positive. The probabilities
or confidence scores from the individual sensors may be compared, summed, multiplied, or
otherwise combined in various ways to determine an overall probability or confidence score
that a true positive impact occurred. Thatis, the use of multiple sensing systems to help identify
true positive data and rule out false positive data may include pre-determining whether the data
appears to be true positive based on each sensor’s data. The process may then include working
with the likelihood information. Alternatively or additionally, the process may include post-
determination of the likelihood of true positive data by using data from both sensor systems to
determine a likelihood of a true positive impact. That is, the sensor data from the several
sensors may be used together to calculate a probability or confidence score that the impact is a
true positive impact.

[024] Tt is to be appreciated that the sensing systems may be adapted to sense inertial motion
in a similar or different fashion (e.g., when compared to each other) and the sensors may be
adapted for sensing relevant information based on the system or mechanism of which they are
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a part. For example, a sensing system on a helmet may be a pressure sensing system. That is,
the system may be adapted for sensing pressure changes between the helmet padding and the
scalp or other portion of the head. In contrast, a mouthguard sensing system may be a kinematic
sensing system adapted for sensing accelerations, forces, displacement, velocities or other
relevant kinematic parameters. In other embodiments, additionally or alternatively, the helmet
system may be equipped with kinematic sensing capabilities and the mouthguard may be
equipped with pressure sensing capabilities. Still other forms of sensing may be provided.
Moreover, the processor may be equipped with time monitoring systems and the time
monitoring systems of the sensing systems may be synchronized to allow for comparing time
stamps or time trace information. Accordingly, where parameter comparison is being
performed, the analysis prior to comparison may involve deriving or calculating common
parameters for comparison from the sensed data.

[025] It is to be appreciated that the first and second sensors may take many different forms
and be arranged in many different devices. In one or more embodiments, the devices may be
commonly worn together during an activity and unlikely to experience the same inertial
motions when not in use. For example, as shown in FIG. 1, the system may include first and
second sensing systems each arranged in one of a mouthguard or a helmet. In one or more
embodiments, the devices may include a combination of two or more of a helmet, a
mouthguard, a patch, or other device or system.

[026] With reference to FIG. 2, a sensing system 150 may include a first sensing system 204
arranged on or within a mouthguard 200, while a second sensing system 206 may be arranged
on or within an article of clothing or wearable 202 surrounding a user’s thorax. For example,
a bra or “bro” may be provided with a sensing system 206 embedded therein or attachable
thereto. In one or more embodiments, the sensing system 206 may be part of a separate
attachable and/or detachable device to the clothing or wearable.

[027] With reference to FIG. 3, the first and second sensor systems 304/306 of a sensing
system 250 may be part of a single device 300 such as a mouthguard. In one or more
embodiments, this may take the form of a two piece mouthguard such that the reference frames
of each piece are aligned or known when the device is in use, but unaligned or unknown when
the device is not in use. For example, the two piece mouthguard may include a storage case
where one half of the mouthguard is stored in an inverted position relative to the other half of
the mouthguard such that forces experienced by the mouthguard pieces during storage are
opposite along at least one axis when not being worn. Still other devices may be used and
other measures may be taken to simplify the identification of false positives. For example, a
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single piece mouth guard with a flexible joint between the two halves may be used. In this
embodiment, the comparison of the sensed impact may relate to comparing a particular force
or acceleration along an axis that is expected to be a common axis when the mouthguard is
being worn properly. For example, if a horizontal axis experiences a first acceleration on a
sensor on one side of the mouth and a second acceleration on a sensor on an opposite side of
the mouth, these accelerations may be expected to be the same or similar if the mouthguard is
being worn properly and the horizontal axis of the two sensors is generally on the same plane.
[028] In still another embodiment, a system 350 may be provided where a first sensing system
is present on the user and the other sensing system is remote from the user. For example, as
shown in FIG. 4, a sensing system 402 in a helmet, mouthguard, bra, bro, or other wearable
device 400 may be present on a user and may be adapted to sense inertial motion such as
impacts during a football game. A second sensing system 406 may be part of an imaging tool
such as a camera, video camera, or other footage capturing tool 402. The sensing system 406
may be adapted to identify inertial motion of a user based on changes in direction, speed,
acceleration, velocity, etc. In one or more embodiments, the second sensing system 406 may
track a particular player and sense when inertial motions occur. In other embodiments, the
second sensing system 406 may monitor an area and identify coordinates and timing of inertial
motion. In either case, the data from the second sensing system 406 may be compared to the
data from a mouthguard or other sensing system 404 on the user to determine if the sensed data
is true positive data. For example, if the second sensing system 406 senses an impact at the
same time as the first sensing system 404 and the second sensing system 406 was tracking the
player with the first sensing system 404, a true positive impact may be likely. As another
example, if the second sensing system 406 senses an impact at a particular location and the first
sensing system 404 senses an impact and is located at the location sensed by the second sensing
system 406, a true positive impact may be likely.

[029] In one or more embodiments, a method 500 for ruling out false positives may include
receiving a first sensor result (502) from a first sensing device configured for placement on a
user. The method may also include receiving a second sensor result (504) from a second
sensing device configured for placement on a user with the first device. The method may
include comparing the first sensor result to the second sensor result and assessing whether the
first and second sensor results are indicative of a same impact (508). The method may include
comparing a first time stamp of the first sensor result to a second time stamp of the second
sensor result. The method may include assessing the impacts by labeling the sensor results true
positive results when the first time stamp and the second time stamp indicate simultaneous
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impact. The method may include analyzing the first sensor result and the second sensor result
to establish a resulting first head impact and a resulting second head impact (506). The method
may also include each sensor calculating and reporting a probability or confidence score that
the impact is a true positive. (510) In one or more embodiments, this may involve analyzing
each sensor’s individual data and use mathematical algorithms to characterize the quality of
the collected signals and generate a score. The score may indicate the likelihood of the data
being a true positive. The two sensors’ results may be compared to previously verified true
positives from a known source (e.g., a lab, or on-filed video verification). An empirical
relationship may be provided (e.g., Sensor 1 score = XYZ and Sensor 2 score = ABC) and flag
each as true positive. However, if Sensor 1 score = XY and Sensor 2 score = AC, then it may
be flagged as false positive. As such, in one or more embodiments, the system may rely on a
single sensor’s confidence score to determine whether sensed inertial motion was true positive.
However, leveraging a second sensor’s confidence score may add further assurance of a true
positive inertial motion or impact. Still further, further confirmation using time synchronicity
gives even further assurance of a true positive result. The probabilities or confidence scores
may be compared, summed, multiplied or combined in various ways to determine an overall
probability or confidence score that a true positive impact occurred. As mentioned, the method
may also include comparing raw time trace data from each of the sensors, in their local and/or
transformed coordinate frames such as at the head center of gravity or any other desired point
on the skull, brain, or head, or combining raw time trace data from each of the sensors to create
aggregate time trace(s) for analysis of true positive probability. The time traces may share
common features that indicate higher likelihood of true positive impacts. The time traces may
also be combined into an aggregate time trace that can be analyzed on its own or in conjunction
with the individual sensor time traces to determine the likelihood of true positive. The linear
and rotational magnitude, frequency, phase, force, moment, momentum, energy, direction,
jerk, acceleration, rotation, velocity, and/or displacement, or probability of true positive impact
may be determined from the aggregate time traces or from the individual time traces. The
method may also include comparing selected parameters of the first and second resulting head
impacts such as linear and rotational magnitude, frequency, phase, force, moment, momentum,
energy, direction, jerk, acceleration, rotation, velocity, and/or displacement. Such, magnitude,
direction, and rotation may be accelerations, velocities, forces, torques, or other values.
Comparing the linear and rotational magnitude, frequency, phase, force, moment, momentum,
energy, direction, jerk, acceleration, rotation, velocity, and/or displacement may allow for
simultaneously sensed impacts to be labeled as false positive when, for example, the impact
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stems from impacts occurring when the first and second devices are in a gym bag and the
impacts on each device differ due to their different and flexible locations within the bag, which
are likely different than their relative positions when the devices are being worn or used. In
other situations, the impacts, while appearing simultaneous may be analyzed to determine a
head displacement. Where the displacements are not in the same direction, for example, the
impact may be unlikely to be a true positive result. In some embodiments, this displacement
may be in the wrong direction based on a single sensor result or the displacement from the
multiple sensors may result in differing displacement results, which may suggest the impacts
were not the same or otherwise are nonsensical. In some embodiments, for example, where a
user may chew on a mouthguard, the analysis resulting from such an activity may have
displacements that are inconsistent with the sensed forces.

[030] In one or more embodiments, concepts of co-registration may be used with respect to
the two sensing devices to help rule out false positives. For example, the two sensing devices
may be placed in relatively fixed and ascertainable positions when the devices are being worn.
In contrast, the relative position of the devices may be very flexible when the devices are not
being worn. With knowledge of the expected relative position and orientation of the sensors
on the multiple devices when the devices are each being worn, the sensor results may be
analyzed relatively quickly to determine if proper relative positions exist. For example, an
impact to the head of a user may cause relative accelerations along respective axes of the
sensors on each of the devices and a relatively quick comparison of an expected ratio between
selected axes of the sensors may allow for quickly determining if the sensors are in the expected
or suitable position on the user.

[031] While a system primarily of two sensing devices has been described, one, two, three,
or any other number of sensing systems may be used. The several devices may be placed in
communication with one of the other sensing systems, with each other, and/or with another
processing system for purposes of assessing whether a inertial motion data is true positive data
based on one or more of the sensing devices’ information.

[032] In one or more embodiments, one or more other body-worn sensors may be used and/or
relied on to support the identification of true positives. For example, other sensors that may
not be focused on sensing inertial motion may capture data that may be relevant for purposes
of identifying true positive impacts. In one or more embodiments, other sensors such as heart
rate monitors, thorax mounted devices, activity trackers, or other body-worn sensors may be
used. The data may be associated with a time stamp or a time trace and, as such, may be
compared with the inertial motion data on a time wise basis to help in identifying true positive

10
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impacts. In one or more embodiments, for example, changes in heart rate may occur at an
impact or shortly thereafter, for example, when a user stops, slows down, or otherwise makes
a change in their activity level. Still other types of data may be helpful in association with
inertial motion data to identify the data as true positive data.

[033] Another example of non-inertial sensing data, and as discussed with respect to FIG. 4,
non-body worn sensors from video review, image photogrammetry, image processing and
artificial intelligence/machine learning algorithms that know player position/location on a field
may capture data. The video information may be synchronized with the impact or other data
and may be helpful to assessing whether a sensed impact was a true positive impact. That is,
for example, high speed cameras or normal speed cameras with time stamps or time traces or
artificial intelligence/machine learning algorithms may be used to look for changes in direction,
abrupt changes in motion, or other video-based parameters that may indicate that an impact has
occurred. The synchronous video data may be used as yet another way of assessing the
probability or likelihood of a true positive impact.

[034] For purposes of this disclosure, any system described herein may include any
instrumentality or aggregate of instrumentalities operable to compute, calculate, determine,
classify, process, transmit, receive, retrieve, originate, switch, store, display, communicate,
manifest, detect, record, reproduce, handle, or utilize any form of information, intelligence, or
data for business, scientific, control, or other purposes. For example, a system or any portion
thereof may be a minicomputer, mainframe computer, personal computer (e.g., desktop or
laptop), tablet computer, embedded computer, mobile device (e.g., personal digital assistant
(PDA) or smart phone) or other hand-held computing device, server (e.g., blade server or rack
server), a network storage device, or any other suitable device or combination of devices and
may vary in size, shape, performance, functionality, and price. A system may include volatile
memory (e.g., random access memory (RAM)), one or more processing resources such as a
central processing unit (CPU) or hardware or software control logic, ROM, and/or other types
of nonvolatile memory (e.g., EPROM, EEPROM, etc.). A basic input/output system (BIOS)
can be stored in the non-volatile memory (e.g., ROM), and may include basic routines
facilitating communication of data and signals between components within the system. The
volatile memory may additionally include a high-speed RAM, such as static RAM for caching
data.

[035] Additional components of a system may include one or more disk drives or one or more
mass storage devices, one or more network ports for communicating with external devices as
well as various input and output (I/O) devices, such as digital and analog general purpose I/O,
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a keyboard, a mouse, touchscreen and/or a video display. Mass storage devices may include,
but are not limited to, a hard disk drive, floppy disk drive, CD-ROM drive, smart drive, flash
drive, or other types of non-volatile data storage, a plurality of storage devices, a storage
subsystem, or any combination of storage devices. A storage interface may be provided for
interfacing with mass storage devices, for example, a storage subsystem. The storage interface
may include any suitable interface technology, such as EIDE, ATA, SATA, and IEEE 1394.
A system may include what is referred to as a user interface for interacting with the system,
which may generally include a display, mouse or other cursor control device, keyboard, button,
touchpad, touch screen, stylus, remote control (such as an infrared remote control),
microphone, camera, video recorder, gesture systems (e.g., eye movement, head movement,
etc.), speaker, LED, light, joystick, game pad, switch, buzzer, bell, and/or other user
input/output device for communicating with one or more users or for entering information into
the system. These and other devices for interacting with the system may be connected to the
system through I/O device interface(s) via a system bus, but can be connected by other
interfaces such as a parallel port, IEEE 1394 serial port, a game port, a USB port, an IR
interface, etc. Output devices may include any type of device for presenting information to a
user, including but not limited to, a computer monitor, flat-screen display, or other visual
display, a printer, and/or speakers or any other device for providing information in audio form,
such as a telephone, a plurality of output devices, or any combination of output devices.

[036] A system may also include one or more buses operable to transmit communications
between the various hardware components. A system bus may be any of several types of bus
structure that can further interconnect, for example, to a memory bus (with or without a
memory controller) and/or a peripheral bus (e.g., PCL, PCle, AGP, LPC, 12C, SPI, USB, etc.)
using any of a variety of commercially available bus architectures.

[037] One or more programs or applications, such as a web browser and/or other executable
applications, may be stored in one or more of the system data storage devices. Generally,
programs may include routines, methods, data structures, other software components, etc., that
perform particular tasks or implement particular abstract data types. Programs or applications
may be loaded in part or in whole into a main memory or processor during execution by the
processor. One or more processors may execute applications or programs to run systems or
methods of the present disclosure, or portions thereof, stored as executable programs or
program code in the memory, or received from the Internet or other network. Any commercial
or freeware web browser or other application capable of retrieving content from a network and
displaying pages or screens may be used. In some embodiments, a customized application may
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be used to access, display, and update information. A user may interact with the system,
programs, and data stored thereon or accessible thereto using any one or more of the input and
output devices described above.

[038] A system of the present disclosure can operate in a networked environment using
logical connections via a wired and/or wireless communications subsystem to one or more
networks and/or other computers. Other computers can include, but are not limited to,
workstations, servers, routers, personal computers, microprocessor-based entertainment
appliances, peer devices, or other common network nodes, and may generally include many or
all of the elements described above. Logical connections may include wired and/or wireless
connectivity to a local area network (LAN), a wide area network (WAN), hotspot, a global
communications network, such as the Internet, and so on. The system may be operable to
communicate with wired and/or wireless devices or other processing entities using, for
example, radio technologies, such as the IEEE 802.xx family of standards, and includes at least
Wi-Fi (wireless fidelity), WiMax, and Bluetooth wireless technologies. Communications can
be made via a predefined structure as with a conventional network or via an ad hoc
communication between at least two devices.

[039] Hardware and software components of the present disclosure, as discussed herein, may
be integral portions of a single computer, server, controller, or message sign, or may be
connected parts of a computer network. The hardware and software components may be
located within a single location or, in other embodiments, portions of the hardware and
software components may be divided among a plurality of locations and connected directly or
through a global computer information network, such as the Internet. Accordingly, aspects of
the various embodiments of the present disclosure can be practiced in distributed computing
environments where certain tasks are performed by remote processing devices that are linked
through a communications network. In such a distributed computing environment, program
modules may be located in local and/or remote storage and/or memory systems.

[040] Aswill be appreciated by one of skill in the art, the various embodiments of the present
disclosure may be embodied as a method (including, for example, a computer-implemented
process, a business process, and/or any other process), apparatus (including, for example, a
system, machine, device, computer program product, and/or the like), or a combination of the
foregoing. Accordingly, embodiments of the present disclosure may take the form of an
entirely hardware embodiment, an entirely software embodiment (including firmware,
middleware, microcode, hardware description languages, etc.), or an embodiment combining
software and hardware aspects. Furthermore, embodiments of the present disclosure may take
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the form of a computer program product on a computer-readable medium or computer-readable
storage medium, having computer-executable program code embodied in the medium, that
define processes or methods described herein. A processor or processors may perform the
necessary tasks defined by the computer-executable program code. Computer-executable
program code for carrying out operations of embodiments of the present disclosure may be
written in an object oriented, scripted or unscripted programming language such as Java, Perl,
PHP, Visual Basic, Smalltalk, C++, or the like. However, the computer program code for
carrying out operations of embodiments of the present disclosure may also be written in
conventional procedural programming languages, such as the C programming language or
similar programming languages. A code segment may represent a procedure, a function, a
subprogram, a program, a routine, a subroutine, a module, an object, a software package, a
class, or any combination of instructions, data structures, or program statements. A code
segment may be coupled to another code segment or a hardware circuit by passing and/or
receiving information, data, arguments, parameters, or memory contents. Information,
arguments, parameters, data, etc. may be passed, forwarded, or transmitted via any suitable
means including memory sharing, message passing, token passing, network transmission, etc.
[041] In the context of this document, a computer readable medium may be any medium that
can contain, store, communicate, or transport the program for use by or in connection with the
systems disclosed herein. The computer-executable program code may be transmitted using
any appropriate medium, including but not limited to the Internet, optical fiber cable, radio
frequency (RF) signals or other wireless signals, or other mediums. The computer readable
medium may be, for example but is not limited to, an electronic, magnetic, optical,
electromagnetic, infrared, or semiconductor system, apparatus, or device. More specific
examples of suitable computer readable medium include, but are not limited to, an electrical
connection having one or more wires or a tangible storage medium such as a portable computer
diskette, a hard disk, a random access memory (RAM), a read-only memory (ROM), an
erasable programmable read-only memory (EPROM or Flash memory), a compact disc read-
only memory (CD-ROM), or other optical or magnetic storage device. Computer-readable
media includes, but is not to be confused with, computer-readable storage medium, which is
intended to cover all physical, non-transitory, or similar embodiments of computer-readable
media.

[042] Various embodiments of the present disclosure may be described herein with reference
to flowchart illustrations and/or block diagrams of methods, apparatus (systems), and computer
program products. It is understood that each block of the flowchart illustrations and/or block
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diagrams, and/or combinations of blocks in the flowchart illustrations and/or block diagrams,
can be implemented by computer-executable program code portions. These computer-
executable program code portions may be provided to a processor of a general purpose
computer, special purpose computer, or other programmable data processing apparatus to
produce a particular machine, such that the code portions, which execute via the processor of
the computer or other programmable data processing apparatus, create mechanisms for
implementing the functions/acts specified in the flowchart and/or block diagram block or
blocks. Alternatively, computer program implemented steps or acts may be combined with
operator or human implemented steps or acts in order to carry out an embodiment of the
invention.

[043] Additionally, although a flowchart or block diagram may illustrate a method as
comprising sequential steps or a process as having a particular order of operations, many of the
steps or operations in the flowchart(s) or block diagram(s) illustrated herein can be performed
in parallel or concurrently, and the flowchart(s) or block diagram(s) should be read in the
context of the various embodiments of the present disclosure. In addition, the order of the
method steps or process operations illustrated in a flowchart or block diagram may be
rearranged for some embodiments. Similarly, a method or process illustrated in a flow chart
or block diagram could have additional steps or operations not included therein or fewer steps
or operations than those shown. Moreover, a method step may correspond to a method, a
function, a procedure, a subroutine, a subprogram, etc.

[044] As used herein, the terms “substantially” or “generally” refer to the complete or nearly
complete extent or degree of an action, characteristic, property, state, structure, item, or result.
For example, an object that is “substantially” or “generally” enclosed would mean that the
object is either completely enclosed or nearly completely enclosed. The exact allowable degree
of deviation from absolute completeness may in some cases depend on the specific context.
However, generally speaking, the nearness of completion will be so as to have generally the
same overall result as if absolute and total completion were obtained. The use of
“substantially” or “generally” is equally applicable when used in a negative connotation to refer
to the complete or near complete lack of an action, characteristic, property, state, structure,
item, or result. For example, an element, combination, embodiment, or composition that is
“substantially free of” or “generally free of” an element may still actually contain such element
as long as there is generally no significant effect thereof.

[045] To aid the Patent Office and any readers of any patent issued on this application in
interpreting the claims appended hereto, applicants wish to note that they do not intend any of
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the appended claims or claim elements to invoke 35 U.S.C. § 112(f) unless the words “means
for” or “step for” are explicitly used in the particular claim.

[046] Additionally, as used herein, the phrase “at least one of [X] and [Y],” where X and Y
are different components that may be included in an embodiment of the present disclosure,
means that the embodiment could include component X without component Y, the embodiment
could include the component Y without component X, or the embodiment could include both
components X and Y. Similarly, when used with respect to three or more components, such as
“at least one of [X], [Y], and [Z],” the phrase means that the embodiment could include any
one of the three or more components, any combination or sub-combination of any of the
components, or all of the components.

[047] In the foregoing description various embodiments of the present disclosure have been
presented for the purpose of illustration and description. They are not intended to be exhaustive
or to limit the invention to the precise form disclosed. Obvious modifications or variations are
possible in light of the above teachings. The various embodiments were chosen and described
to provide the best illustration of the principals of the disclosure and their practical application,
and to enable one of ordinary skill in the art to utilize the various embodiments with various
modifications as are suited to the particular use contemplated. All such modifications and
variations are within the scope of the present disclosure as determined by the appended claims

when interpreted in accordance with the breadth they are fairly, legally, and equitably entitled.

16



WO 2020/102405 PCT/US2019/061254

Claims

What is claimed is:
1. A system for sensing impacts, comprising:

a first sensing system configured for placement on a user and to sense inertial motion

and establish a first sensor result;

a second sensing system configured to sense inertial motion and establish a second

sensor result; and

a processor for comparing the first sensor result to the second sensor result to assess

whether the first and second sensor results are indicative of a same impact.

2. The system of claim 1, wherein the processor is configured to compare a first time stamp

of the first sensor result to a second time stamp of the second sensor result.

3. The system of claim 2, wherein the processor is configured to label the sensor results true
positive results when the first time stamp and the second time stamp indicate simultaneous or

near-simultaneous impact.

4. The system of claim 1, wherein the processor is configured to analyze at least one of the
first sensor result and the second sensor result to establish comparable results each defining

inertial motion at a common point.

5. The system of claim 4, wherein comparing comprises comparing selected parameters of

the respective comparable results.

6. The system of claim 5, wherein the selected parameters include linear or rotational

parameters.
7. The system of claim 5, wherein the selected parameters include force.
8. The system of claim 5, wherein the selected parameters include energy.

9. The system of claim 5, wherein the selected parameters include calculated probability that

the impact is a true positive.
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10. The system of one of claims 6, wherein the magnitude is the magnitude of an

acceleration, a velocity, a force, or a torque.

11. The system of claim 1, wherein the processor is co-located with the first or the second

sensing device.

12. The system of claim 1, wherein the processor is a separate device such as a smartphone,

tablet, or personal computer.

13. The system of claim 1, wherein the first sensing system and the second sensing system

are each part of a separate device.

14. The system of claim 1, wherein the first sensing system and the second sensing system

are part of a single device.
15. A method for ruling out false positives, comprising:

receiving a first sensor result from a first sensing device configured for placement on

a user;
receiving a second sensor result from a second sensing device,
comparing the first sensor result to the second sensor result; and
assessing whether the first and second sensor results are indicative of a same impact.

16. The method of claim 15, wherein comparing comprises a comparing a first time stamp of

the first sensor result to a second time stamp of the second sensor result.

17. The method of claim 16, wherein assessing comprises labeling the sensor results true
positive results when the first time stamp and the second time stamp indicate simultaneous

impact.

18. The method of claim 17, further comprising analyzing the first sensor result and the
second sensor result to establish a resulting first head impact and a resulting second head

impact.

19. The method of claim 18, wherein comparing comprises comparing selected parameters

of the resulting first and second head impacts.

18
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20. The method of claim 19, wherein the selected parameters include linear or rotational

parameters.
21. The method of claim 19, wherein the selected parameters include force.
22. The method of claim 19, wherein the selected parameters include energy.

23. The method of claim 19, wherein the selected parameters include calculated probability

that the impact is true positive.

24. The system of one of claims 20, wherein the magnitude is the magnitude of an

acceleration, a velocity, a force, or a torque.

19



PCT/US2019/061254

WO 2020/102405

1/5

Nnwinas
R

AR
T s

i

rreny,
S iy,

x\.\\...\“\\\m\m\»w%\xm

%
%
%
j
e 3
% i %
e %
A © g R
X! H
%% )
4% ¥
% £
&7
¥ /
4
1% 4
¥ 4

i
g

N,
o,

e

R
£

o,
]
pesi

P




PCT/US2019/061254

WO 2020/102405
2/5

ST

2
BN
S9N "
IXF (w\\'.\ "
3 N
‘§ N SN R
AR
§ T G N
T e
o -
Ny

ke,
R

%%,

SR
\\.\‘R\\\\\A_:\..\«:\

SN sy

NRRRIATRAA ~;\\\'§:~s\ e

SR FoE e

e ey \m..\m\\,\%\\\tot .
%

P

Z

i

'»\ \\,. ‘~§‘~ E
S B s
\\\\\‘“\‘0-&‘::«

e

Mt

NN

e

W

JRENIUPRERSY
e

-
P Y
3 e ieeatt S
3
. =
3
N
3
. b3
B &
: 3§
3§
3§
$
¥

AP it

s R

S

S

2

3

>

N

3

§

3

b

N

% . b3
St X

e

g

s

e S




3/5

FIG. 3

SUBSTITUTE SHEET (RULE 26)



WO 2020/102405 PCT/US2019/061254

4/5

»—402
' 406

/‘\

—~ <~
a O ol &
LL
v

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/061254

WO 2020/102405

5/5

(SRR PR O 20




PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file reference FOR FURTHER see Form PCT/ISA/220
5249-007WO1 ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/US2019/061254 13 November 2019 (13-11-2019) 13 November 2018 (13-11-2018)
Applicant

PREVENT BIOMETRICS, INC.

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

4

This international search report consists of a total of sheets.

It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:

the international application in the language in which it was filed

|:| atranslation of the international application into , which is the language
of a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. D This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I.
2. |:| Certain claims were found unsearchable (See Box No. II)
3. [ ] unity of invention is lacking (see Box No Ill)

4. With regard to the title,
the text is approved as submitted by the applicant
|:| the text has been established by this Authority to read as follows:

5. With regard to the abstract,
D the text is approved as submitted by the applicant

the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 1
as suggested by the applicant
|:| as selected by this Authority, because the applicant failed to suggest a figure
|:| as selected by this Authority, because this figure better characterizes the invention

b. |:| none of the figures is to be published with the abstract

Form PCT/ISA/210 (first sheet) (January 2015)



International application No.

INTERNATIONAL SEARCH REPORT PCT/US2019/061 254

Box No. IV Text of the abstract (Continuation of item 5 of the first sheet)

A system (150) for sensing impacts may include a first sensing
system (204) configured for placement on a user and to sense inertial
motion and establish a first sensor result, a second sensing system
(206) configured to sense inertial motion and establish a second
sensor result, and a processor for comparing the first sensor result

to the second sensor result to assess whether the first and second
sensor results are indicative of a same impact.

Form PCT/ISA/210 (continuation of first sheet (3}) (July2009)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2019/061254

A. CLASSIFICATION OF SUBJECT MATTER

INV. A42B3/04 A63B71/08
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A42B A63B GO1P

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A paragraphs [0011], [0012],

[0100]; figures 4,5

paragraph [0023]

paragraphs [0002], [0051],

figures 1,11

X US 2014/159922 Al (MALISZEWSKI GERALD [US]
ET AL) 12 June 2014 (2014-06-12)
[0057], 14

1-13,
15-24

A US 2013/305437 Al (WELLER MARCUS D [US] ET 1,15
AL) 21 November 2013 (2013-11-21)

A US 2014/257051 Al (CAM BRUCE [US] ET AL) 1,15
11 September 2014 (2014-09-11)
[0087];

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

5 February 2020

Date of mailing of the international search report

13/02/2020

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

D'Souza, Jennifer

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2019/061254
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2014159922 Al 12-06-2014  NONE

2013305437 Al
2016066640 Al
2019045866 Al
2013176997 Al

21-11-2013
10-03-2016
14-02-2019
28-11-2013

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report

