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DEVICES, SYSTEMS AND METHODS FOR 
DETECTING AND EVALUATING IMPACT 

EVENTS 

RELATED APPLICATIONS 

0001. This application is a continuation of and claims the 
benefit of priority under 35 U.S.C. S 120 to U.S. patent appli 
cation Ser. No. 14/140,613, filed on Dec. 26, 2013, and titled 
“DEVICES, SYSTEMS AND METHODS FOR DETECT 
ING AND EVALUATING IMPACT EVENTS, which 
claims the benefit of priority of U.S. Provisional Application 
No. 61/863,555, filed Aug. 8, 2013, and titled “DEVICES, 
SYSTEMS AND METHODS FOR DETECTING AND 
EVALUATING IMPACT EVENTS," each of which applica 
tions are incorporated herein by reference in their entireties. 

TECHNICAL FIELD 

0002 This application relates generally to collecting and 
processing (e.g., analyzing) environmental sensor data, and 
more specifically to devices, systems, and methods for detect 
ing and evaluating impact events. 

BACKGROUND 

0003 Recent studies have indicated that undiagnosed or 
untreated impact injuries Sustained during participation in a 
sport or other physical activity can have long lasting negative 
health implications. For example, the long term negative 
impact of head impacts in contact sports such as football or 
boxing have been well documented in the past couple 
decades. However, inexpensive, user friendly devices to assist 
in detecting and evaluating impacts Sustained during sporting 
events and physical activity are still not widely available or 
commonly used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004 Some embodiments are illustrated by way of 
example and not limitation in the figures of the accompanying 
drawings in which: 
0005 FIG. 1 is a block diagram depicting a sensor device 
(also referred to as an impact detection device) that can be 
used to detect and evaluate impact events experienced during 
physical activity. 
0006 FIGS. 2A-E are diagrams of an example printed 
circuit board assembly for a sensor device to detect impact 
eVentS. 

0007 FIGS. 3A-3E are diagrams of an example printed 
circuit board assembly with a pre-bent battery attached prior 
to pre-mold. 
0008 FIGS. 4A-E are diagrams of an example pre-molded 
printed circuit board and battery assembly with the battery 
and Surrounding pre-mold material forming a flexible canti 
lever section. 
0009 FIGS. 5A-5E are diagrams of an example pre 
molded printed circuitboard with a cantilever section formed 
during pre-mold and ready to receive a battery. 
0010 FIGS. 6A-6C are diagrams of a pre-molded impact 
detection device with an example light pipe and molded acti 
vation button. 
0011 FIGS. 7A-7E are diagrams of a pre-molded impact 
detection device with an example light pipe and activation 
button in position for final over-molding. 
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0012 FIGS. 8A-8E are diagrams of an example over 
molded impact detection device with molded activation but 
ton and light pipe. 
0013 FIGS. 9A-9E are diagrams of an example light pipe 
without the reminder of the impact detection device. 
0014 FIG. 10A is an illustration of an example web-based 
dashboard interface for monitoring users of an impact detec 
tion device. 
0015 FIG. 10B is an enlarged illustration of an example 
Hit data graph portion of the interface illustrated in FIG. 10A. 
(0016 FIGS. 11A-11D are illustrations of multiple 
example mobile device user interface screens for monitoring 
users wearing impact detection devices. 
0017 FIG. 12 is an illustration of multiple example orien 
tation detection scenarios for determining orientation of an 
impact detection device. 
0018 FIG. 13 is a flowchart illustrating an example 
method for determining position and orientation of an impact 
detection device worn by a user. 
0019 FIG. 14 is a flowchart illustrating an example 
method for rejecting false positive impact events detected by 
an impact detection device. 
0020 FIG. 15 is a diagrammatic representation of a 
machine in the example form of a computer system within 
which a set of instructions for causing the machine to perform 
any one or more of the methodologies discussed herein may 
be executed. 

DEFINITIONS 

0021 Real-time—For the purposes of this specification 
and the associated claims, the term “real-time' is used to refer 
to calculations or operations performed on-the-fly as events 
occuroras input is received by the operable system. However, 
the use of the term “real-time' is not intended to preclude 
operations that cause some latency between input and 
response, so long as the latency is an unintended consequence 
induced by performance characteristics of the machines (e.g., 
computers) involved in the operation. 

Overview 

0022. The following describes various examples of elec 
tronic devices including various sensors. Such as high-g 
accelerometers and gyroscopes, to detect, record, and com 
municate in real-time a Sub-concussive event, concussive 
event, or series of events that could result in a form of trau 
matic brain injury (TBI) to an athlete or active user. In an 
example, an impact detection device can detect Sub-concus 
sive events, as a plurality of Such events can lead to concerns 
especially in the event of a Subsequent more significant 
impact. Immediate and more reliable decision-making is 
made possible by providing access to impact data to assess the 
likelihood of concussion or other relevant injuries. The tech 
nology discussed herein identifies potential traumatic occur 
rences to the brain and communicates intuitive and immediate 
signals in real-time to Smartphones, tablets, and/or comput 
ers. The user can also receive feedback directly from the 
impact detection device, which includes indicators and 
records quantitative data related to impact events. In an 
example, the impact detection device can provide indicators 
for the most recent and/or cumulative events and record quan 
titative data related to all events. In cooperation with existing 
baseline testing protocols, the technology can enhance the 
user's ability to detect and effectively triage concussive 
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events. The individual impact detection devices can be per 
Sonalized to account for prior events, be mounted in various 
ways on or in helmets, goggles, head straps, headbands, skull 
caps, protective pads, and uniforms. In certain examples, the 
impact detection device can also measure performance 
attributes, such as speed, jumping height, distance traveled, 
steps taken, and calories burned, among others. 

Detailed Description 
0023 Example systems, devices, and methods for detect 
ing and evaluating impact events are described. The devices, 
systems, and methods for detecting and evaluating impact 
events in Some example embodiments may provide numerical 
and visual analysis of an impact event Sustained by a user 
wearing the device. In some examples, a user can wear a 
sensor device during physical activities to monitor for and 
evaluate impact events, such as head impacts or impacts to the 
torso which translate to the head. In certain examples, the 
sensor device (impact detection device) can include algo 
rithms, which use various internal sensors to automatically 
determine the position and orientation of the device. In the 
following description, for purposes of explanation, numerous 
specific details are set forth in order to provide a thorough 
understanding of example embodiments. It will be evident, 
however, to one skilled in the art that the present invention 
may be practiced without these specific details. It will also be 
evident that detecting and evaluating impact events is not 
limited to the examples provided and may include other sce 
narios not specifically discussed. 
0024. Given the increased awareness of sports-related 
brain injuries, an objective of a sports-focused impact detec 
tion and evaluation device and related System is to provide a 
platform that will assist in determining whether or not an 
athlete has sustained an impact that may result in an injury to 
the brain. The primary component of the system is an impact 
detection device that is worn on the head of the athlete and 
constantly gathers information regarding the movement of 
the player's head. The impact detection device can also be 
worn on other parts of an athlete's body and provide data that 
can be correlated to head impacts as well as other perfor 
mance or impact type data. The data collected can then be 
broadcast to an applicationina hand-held device or notebook/ 
desktop/tablet computer that displays real-time information 
regarding the level of impact. In addition, this information 
can be offloaded to a backend application (a network-based or 
cloud computing system) responsible for maintaining the 
historical data regarding the athlete. One important aspect of 
Such a system is ensuring the integrity of the data associated 
with an individual athlete. The association of the data with the 
corresponding athlete can be maintained regardless of the 
number of different impact detection devices the individual 
wears or how many different individuals are monitoring the 
impact detection devices. 
0025 Collecting and maintaining historical activities, 
movement, and impact data for individual users can assist in 
evaluating the health implications of Subsequent events. 
Evaluation of historical data can assist in determining 
whether a player should be removed from play due to a 
particular event. 
0026 Impact detection devices can be worn on the head 
and can be attached with a headband, skullcap or be retained 
in a relevant position by other methods. As detailed below, the 
impact detection devices can incorporate accelerometers and 
gyroscopes to measure linear and rotational acceleration. In 
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an example, multiple accelerometers can be used without a 
gyroscope to measure linear and rotational acceleration. In 
certain examples, the impact detection device can also incor 
porate a magnetometer (directional information from a mag 
netometer (compass) can be used to enhance certain calcula 
tions or assist in determining placement and orientation of the 
impact detection device on a user). 
0027 LEDs are used to indicate severity of hit based upon 
pre-defined algorithms and thresholds and/or user-settable 
thresholds. Thresholds can be selected by a user, via a web 
interface for example, with guidance given based upon 
height, weight, age, gender, sport played, and previous his 
tory of concussions of the user. In certain example, activity 
specific profiles can be maintained and used as a guide in 
assessing impact events for individual users. 
0028. An example impact detection device can store data 
locally and can transmit the data via wireless communication 
(e.g., Bluetooth Low Energy (BLE)) to a nearby mobile 
device. In an example using BLE, Summary data can be 
transmitted using a broadcast advertisement, which can 
extend the range of wireless communications. Full-data 
download can be achieved with a wireless connection (e.g., 
BLE-paired connection) or a wired connection (e.g., Univer 
sal Serial Bus (USB) connection), among other options. 
Setup, configuration, and updates can be handled overa wire 
less connection or a wired connection. 
0029 Data collected by an impact detection device can be 
sent to a network-based system (also referred to as a cloud 
computing system), which can enable distribution to other 
registered mobile devices that present proper login creden 
tials. Data can be displayed on the mobile device, native PC 
applications, and/or a web interface; example interfaces are 
illustrated in FIGS. 10A, 10B, and 11. Data can be stored in a 
database and can be used for future analysis and/or algorithm 
development. Data can be encrypted before being transmitted 
wirelessly or to a network-based system. The systems and 
devices can provide additional event or historical data to 
medical personal and coaches to facilitate treatment or mea 
sures to prevent further injuries. 
0030 The systems and methods, through web or mobile 
applications, can provide both baseline and post-event testing 
to detect concussion symptoms. In an example, the web and/ 
or mobile application can implement the Sport Concussion 
Assessment Tool (SCAT, SCAT2 or SCAT3) and/or other 
base-lining tool(s). In March 2013, SCAT2 was superseded 
by the SCAT3, which provides an assessment for athletes 13 
years and older issued coincident with the Consensus State 
ment issued after the 4th International Conference on Con 
cussion in Sport held in Zurich in November 2012, and a 
modified version (Child SCAT3) was issued for children aged 
5 to 12 years. The SCAT, original. 2, or 3, takes about 15-20 
minutes to complete and computes a composite score (com 
posite score is comprised of the Glasgow Coma Scale, a 
Standardized Assessment of Concussion (SAC) score (cog 
nitive and physical evaluation, delayed recall), and a balance 
assessment score (modified Balanced Error Scoring System 
or BESS). 
0031. In other examples, a different comprehensive base 
line test can be used to provide a basis for re-testing to assess 
impact events and evaluate recovery. The system can also 
provide a quick assessment sideline test (e.g., less than 5 
minutes) for quick evaluation of a player after a recorded 
impact event. The quick assessment sideline test can be a 
Sub-set of a comprehensive baseline test. In an example, the 
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system can implement 3 different levels of testing, a compre 
hensive baseline test, a quick sideline assessment that uses a 
Small Sub-set of questions from the comprehensive baseline 
test, and a post-game assessment that can include an 
expanded Sub-set of questions but less than the comprehen 
sive baseline test. In certain examples, real-time data from an 
impact detection device can be leveraged to assist in deter 
mining the level of assessment testing performed in a given 
scenario. For example, if the impact detection device pro 
vides an indication of a high severity impact, a more detailed 
assessment test may be recommended. Regardless of the 
assessment test used, data from the impact detection device 
can be integrated into the results to assist in providing a 
comprehensive assessment of injury risk. 
0032. In some examples, post-impact event assessments 
can collect and integrate additional information from an 
impact detection device. For example, part of a post-impact 
event assessment can include balance tests that can collect 
information directly from an impact detection device to quan 
titatively measure performance of a user during a balance test. 
Data from the accelerometers and/or gyroscope within the 
impact detection device can provide an objective measure of 
how a user's balance (or other physical capabilities) was 
affected by the impact event. In an example, baseline balance 
(or other physical capability) data can be collected during a 
setup procedure for future comparison purposes. 
0033. The devices, systems, and methods described herein 
can also be used for injury avoidance training. Feedback from 
impact detection devices can be used during training and 
practice to correlate specific techniques to head impacts, 
which can then be used to modify player behaviors. For 
example, soccer players routinely play the ball with their 
heads, and often practice performing Such maneuvers. How 
ever, it is well known that soccer players often “head the ball 
incorrectly, which can result in a significantly increased 
chance of injury. An impact detection device can be used 
during practice to assist in determining correct safe head 
contacts from incorrect and potentially unsafe ones. The 
impact detection device, data collection capabilities, analysis 
algorithms, and graphical displays can be modified for use in 
the training environment. Data recording during training 
drills can be collected, analyzed, and displayed within a user 
interface to assist coaches and players in assessing technique. 
In an example, data collection, analysis, and results display 
can occur in near real-time utilizing a mobile computing 
device available on the practice field. The collected data can 
identify techniques that result in higher than acceptable 
impact levels. 
0034. In some examples, a user can utilize multiple impact 
detection devices simultaneously and the analysis system can 
integrate the data to better characterize impact events. For 
example, a user can wear one impact detection device on their 
head and another on their torso, which allows an analysis 
system to make a differential determination of head accelera 
tion relative to the user's body. Relative acceleration data can 
be used to refine injury risk assessments for a particular event. 
0035 Example impact detection devices are rechargeable 
via USB connection and can make use of activity modes for 
power reduction when the device is not being worn or the user 
is not in active play. In an example, the gyroscopes or accel 
erometers can be polled to determine if the device is inactive, 
enabling power to be reduced or the device to automatically 
shut down. The integrated USB connection allows for easy 
and convenient recharging options. Most modern automo 
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biles include a USB connection that can be used for last 
minute recharging on the way to an event. Similarly, the 
commonality of USB recharging options extends to cell 
phone recharging devices or just about any mobile computing 
device. An additional advantage of the integrated USB is that 
no additional cable or accessory is required for recharging for 
wired data download to common computing platforms, such 
as a laptop computer. 
0036. The devices, systems, and methods can include the 
following algorithms, some of which are described in greater 
detail in reference to specific figures below: 
0037 Impact location 
0038. Impact detection 
0039. Sensor location 
0040 False positive rejection 
0041 Data reduction 
0042 Risk injury assessment 
0043. Translation of coordinates to center of head 
0044 Classification of activity levels and/or movement 
types 
0045. The devices, systems, and methods can also provide 
athletic performance metrics including, but not limited to: 
0046 Step count 
0047 Speed (max, min, average) 
0048 Calories burned 
0049 Max air time 
0050 Highest vertical jump 
0051) Agility metric 
0052 Distance traveled 

Example Sensor Devices 
0053 FIGS. 1 through 8E illustrate different aspects of an 
example impact detection device in various stages of manu 
facture. The figures are intended to illustrate certain aspects 
both mechanical and electrical that play a role in enabling 
detection and evaluation of impact events during various 
physical activities. 
0054 An objective of the impact detection devices dis 
cussed herein is to allow for flexibility and conformance to a 
wide variety of head shapes and sizes, while having a 
mechanical structure that protects the electronic components 
from mechanical forces, physical impacts, Sweat, weather, 
dirt, debris, dust, and other environmental contaminants. The 
packaging discussed below also creates a comforting feel, 
enables charging and data transfer, and attains a quality look 
and feel, among other things. Data transfer and charging can 
be enabled via an integrated Universal Serial Bus (USB) 
connector, which utilizes a widely used standard for connec 
tivity for electronic devices. 
0055. In an example, the illustrated device will be worn on 
the head and can conform to the majority of head shapes and 
sizes when gently compressed by a mounting mechanism 
(e.g., headband or skull cap, among other head coverings or 
athletic devices). Conforming to various head shapes and 
sizes, while maintaining a protective structure, provides ben 
efits that can include improved data collection, user accep 
tance, and device robustness, among others. 
0056. In an example, the impact detection device can 
incorporate a rigid Printed Circuit Board Assembly (PCBA) 
with an integrated male USB A connector. The rigid PCBA 
can be over-molded with a plastic or similar polymer coating 
selected to provide certain desired characteristics. Such as 
flexibility through controlled durometer, and environmental 
protection through minimal moisture absorption and high 
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adhesion (this operation is also referred to as the pre-mold 
operation to distinguish it from a second over-molding opera 
tion that can be performed on the complete impact detection 
device). In certain examples, the pre-mold includes a canti 
levered section, which can hold a battery and allows for 
flexing and bending of at least a portion of the overall device. 
In certain examples, instead of merely creating the cantilever 
section, the pre-mold operation can capture the battery 
on/within the cantilever section and still maintain flexibility 
at the joint between the PCBA and battery. In certain 
examples, both the cantilevered section and the battery form 
a moldable section that can conform to a certain radius and 
flexes in relationship to the PCBA portion of the impact 
detection device. In an example, PCBA, cantilever section, 
and battery are initially formed with the cantileversection and 
battery curved at approximately a 110 mm radius. Other 
initial radii can be used depending upon the intended wearing 
location or target anatomical structure. For example, the 
PCBA, cantilever section and battery assembly can beformed 
into a tighter radius during manufacture or during use by an 
end user. In this example, the amount of flex in the cantilever 
section between the PCBA and the battery can be approxi 
mately negative 20 degrees and positive 10 degrees, with an 
initial angle of approximately negative 9 degrees (an example 
negative initial angle is illustrated in FIGS. 3B, 4B, 5B, 6B, 
7B, and 8B). 
0057. In certain examples, adhering a flexible metal, or 
similar material, under both the PCBA and the battery, can 
create a cantilevered section. In yet other examples, the bat 
tery can include a flexible cantilevered section that can be 
adhered under the PCBA to provide flexibility between the 
PCBA and the battery portion. In all of these examples, a 
pre-mold operation can be utilized to capture the various 
portions of the assemblies. 
0058. In an example, the pre-mold can include locating 
features to enable placement of a light pipe and button actua 
tor assembly. The light pipe and button actuator assembly (an 
example of which is illustrated in FIGS. 6A-7E) can be held 
in place with ultra-violet, thermal, or time-based curing opti 
cal grade epoxy, or other Suitable adhesive. Alternately, fea 
tures in the pre-mold can couple with features in the light pipe 
to mechanically lock the assembly in place. In other 
examples, no button actuator assembly is used; rather a piece 
of flexible material is aligned with the underlying button and 
over-molded to form an integrated button. 
0059. In an example, the battery can be pre-bent into a 
desired shape and at least partially encapsulated by the pre 
mold process. In this example, the cantilever section Sur 
rounds at least a portion of the battery (e.g., FIGS. 4A-4E). In 
certain examples, the battery can be bent into a permanent 
shape during or prior to adhering it to the cantilevered section 
formed during the pre-mold operation, the permanent shape is 
selected to match the curvature of the head. In another 
example, the cantilevered section formed during the pre-mold 
operation is sufficiently thin to allow for bending of the bat 
tery section relative to the PCBA section after the device has 
been over-molded for final packaging. In an example, the 
cantilever section of pre-mold material can be between 2 mm 
and 7 mm thick, with a preferable thickness as thin as manu 
facturing techniques and mechanical robustness will allow. In 
yet other examples, the cantilevered section and the battery 
can be a deformable metal that allows an end user to perma 
nently or semi-permanently deform the shape of the impact 
detection device to a desired configuration suitable for the 
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wearing location. In still other examples, the cantilever sec 
tion can be formed around the battery with the entire section 
maintaining a level of flexibility or bendability. In some 
examples, materials with different durometer measurements 
can be selected to obtain the desired level of flexibility versus 
rigidity. For example, a material with a lower durometer 
measurement may be selected for the pre-mold material to 
favor flexibility over rigidity. In an example using a higher 
durometer material, the flexibility characteristics of the flex 
Zone will primarily determine the overall flexibility of the 
impact detection device. In a certain example, the pre-mold 
material used can have a durometer measurement between 
Shore 75A and Shore 73D. The different methods and stages 
ofmanufacture of example impact detection devices are illus 
trated in reference to FIGS. 3A-8E, which are discussed 
below in a section titled Example Mechanical Structure. 
0060 Once the pre-mold and ancillary component assem 
bly is complete, the example impact detection device can 
receive a final over-mold with a soft rubbery or similarly 
malleable material to provide the desired aesthetics, feel, and 
environmental protection, at least in this example. In other 
examples, the over-mold material can be harder and less 
flexible. The male USB A connector may not receive any 
additional over-molding during this process, leaving only the 
connector and the harder pre-mold exposed on one end. The 
final over-mold also allows for flexing/bending between the 
PCBA and the cantilevered battery area, making the impact 
detection device at least segmentally flexible that allows for 
conformance to a variety of wearing locations, shapes, and 
S17S. 

0061 FIG. 1 is a block diagram depicting a sensor device 
100 (also referred to herein as an impact detection device) that 
can be used to detect and evaluate impact events experienced 
during physical activity. The sensor device 100 can include a 
processing and communication module 102, a gyroscope 
110, an accelerometer 112, LEDs 114, an antenna 116, one or 
more timing devices 118, a USB connector 120, optional ESD 
protection circuitry 122, a charger 124, a power regulator 126, 
a push button 128, optional battery protection circuitry 130, 
and a battery 140. 
0062. The processing and communication module 102 can 
include a communication module (Bluetooth and/or other 
wireless) 106, a memory device 108, and a processor 104. The 
communication module 106 can be used to operatively couple 
and communicate between the sensor device 100 and one or 
more external computing or storage devices, although other 
types and numbers of communication networks or systems 
with other types and numbers of connections and configura 
tions can be used. The processing and communication mod 
ule 102 includes one or more processors 104 internally 
coupled to the memory 108 by a bus or other links, although 
other numbers and types of systems, devices, components, 
and elements in other configurations and locations can be 
used. The one or more processors (e.g., processor 104) in the 
sensor device 100 can execute a program of stored instruc 
tions for one or more aspects of the present technology as 
described and illustrated by way of the examples herein, 
although other types and numbers of processing devices and 
logic could be used and the processor could execute other 
numbers and types of programmed instructions. The memory 
108 in the sensor device 100 can store these programmed 
instructions for one or more aspects of the present technology 
as described and illustrated herein, although some orall of the 
programmed instructions could be stored and executed else 
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where. A variety of different types of memory storage 
devices, such as a solid-state memory, can be used for the 
memory 108 in the sensor device 100. The memory 108 can 
be eitherinternal to the microprocessor, an external integrated 
circuit or a tangible storage media device. In an example, the 
memory 108 can also be used to store impact event data as 
well as other metrics. 

0063 Although an example of the sensor device 100 is 
described herein, it can be implemented on any Suitable com 
puter system or computing device. It is to be understood that 
the devices and systems of the examples described herein are 
for exemplary purposes, as many variations of the specific 
hardware and Software used to implement the examples are 
possible, as will be appreciated by those skilled in the relevant 
art(s). 
0064. The accelerometers 112 can include a low-g (for 
examplet 16 g) three-axis accelerometer to capture linear 
acceleration in three axes, although other types, such as a 
high-g accelerometer (for example> -t.200 g), and numbers 
of inertial measurement units could be used. In an example, 
the accelerometers 112 can include two (or more) three-axis 
accelerometers. Accelerometers 112 can record linear accel 
eration, which can be used in impact severity calculations. 
Linear acceleration can also be used in event detection, device 
position and orientation calculations, power-saving mode 
detection, and button tap interface. In certain configurations, 
the accelerometers 112 (at least two accelerometers spatially 
separated) can also detectangular acceleration, which can be 
used in event detection, device position and orientation cal 
culations, and power saving mode detection. 
0065. The gyroscope 110 can record angular velocity to be 
used in impact severity determinations. The angular velocity 
can also be used in other algorithms, such as event detection 
and device position and orientation calculations. The gyro 
Scope 110 can be a single axis, multi-axis, or a combination of 
single axis gyroscopes. In certain examples, the gyroscope 
110 and accelerometers 112 can be combined into a single 
package. 
0.066. The communication module 106 can be used to 
interface with external components. Impact event data as well 
as other metrics can be transmitted to nearby wireless devices 
to provide real-time information to the user. A wireless inter 
face can be implemented as BLE or other current or future 
developed wireless standard. In an example, use of low power 
wireless standards, such as BLE, can assist in reducing over 
all power consumption. In other examples, the communica 
tion module 106 can Support one or more wireless commu 
nication technologies, such as Bluetooth low energy, 
Bluetooth, Zigbee, WiFi. NFC, RFID, or any other existing or 
future standards. 

0067. The communication module 106 can also control 
communication over a wired connection, Such as Supplied by 
USB connector 120. The USB connector 120 can include a 
connection for charging and/or communications, such as an 
integral USB male connector. The USB connector 120 can be 
integral with the PCB with contacts formed by pads on the 
PCB surface. The USB connector 120 can be a plastic USB 
male connector with embedded contacts that is over-molded 
to become an integral component of the impact detection 
devices. Alternative connectors for the USB connector 120 
can include a female micro-USB connector, a headphone 
jack, a proprietary (non-standard) connector, or other connec 
tions with data transmission and charging capabilities. 
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0068) LEDs 114 can be used as indicators for impact event 
severity, battery status, data transfer, charging, wireless con 
nection, and power cycle status. LEDs 114 can use colors or 
other methods. Such as blink rate or intensity, to indicate 
severity. LEDs 114 can include indicators for triage (red, 
yellow, green). Alternatively, LEDs 114 can include two 
LEDs can be used (red/green) with mixing to achieve yellow. 
A light pipe design for improved mixing, uniform illumina 
tion intensity, and shape definition can also be included. In 
certain examples, the LEDs 114 can be replaced with Bi 
stable display technology for indicators of an event (e.g. 
E-skin) or an integral display (Such as LCD or E-ink). 
0069. The antenna 116 can be used to transmit and receive 
signals over a wireless communication connection. The 
power regulator 126 can provide a regulated Voltage to the 
system 100. The pushbutton 128 can provide a user interface 
to the system 100. The USB connector 120 can enable charg 
ing and data transfer. The charger 124 can route power from 
an external power source to a rechargeable battery, Such as 
battery 140. The battery protection circuit 130 can prevent 
battery overvoltage, under-Voltage, or over-current condi 
tions. The timing devices 118 can be crystals or similar timing 
devices used for maintaining real-time clock, communication 
timing, and other microcontroller timing functionality. 
0070 The impact detection devices can also include hard 
ware to facilitate power harvesting, wireless power transfer, 
and sensors to sense when the impact detection device is 
placed on the head or other body part or uniform of a user (e.g. 
capacitive, thermal, infrared, reflectance). 
0071. The impact detection device can link to a stand 
alone wireless capable device (e.g. Smartphone, computer, 
wrist-worn device (e.g. watch for referee)). An impact detec 
tion device can link to single or multiple mobile devices, with 
security code control. Data delivered can be summary or full 
event data. Two-way communication capability to update risk 
assessment criteria on an impact detection device based on 
latest updates in algorithms is also supported by the hardware 
described above. Data offloaded from an impact detection 
device can be GPS tagged, for example by a Smartphone, 
before upload to network-based system (e.g. cloud). 
0072 Event data generated by an impact detection device 
can be date and time stamped with actual date and time or date 
and time relative to current connection/download time, 
among others. Impact detection device clock can be synchro 
nized when linked to wireless device (e.g. Smartphone). 

Example Mechanical Structure 
0073. The following discussion and associated figures 
describe a particular example mechanical structure design to 
provide a solution to various problems. The first problem 
addressed by the illustrated design involves balancing trade 
offs between flexibility and robustness. A completely flexible 
electronic device is likely to encounter reliability and dura 
bility problems during real world use. In contrast, a com 
pletely rigid device can diminish comfort, fit, accuracy, and 
use of this type of device. The following describes a segmen 
tally flexible device that provides sufficient flexibility to pro 
vide user comfort and good fit (promoting improved measure 
ment accuracy) while maintaining rigid robust packaging for 
critical components. 

Printed Circuit Board Assembly (PCBA) 
0074 FIG. 2A is a top view diagram of an example printed 
circuit board assembly for a device to detect impact events. 
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FIG. 2B is a side view diagram of an example printed circuit 
board assembly for a device to detect impact events. FIG. 2C 
is a bottom view diagram of an example printed circuit board 
assembly for a device to detect impact events. FIG. 2D is a 
front view diagram of an example printed circuit board 
assembly for a device to detect impact events. FIG. 2E is an 
isometric view diagram of an example printed circuit board 
assembly for a device to detect impact events. FIGS. 2A-2E 
illustrate the PCBA 200 including a male USB A connector 
202. 

0075 Integrating the male USB A connector 202 into the 
PCBA 200 allows for a thin packaging solution with inte 
grated communication and charging capabilities. In this 
example, the PCBA 200 is less than 1.6 mm in thickness. In 
contrast, other potential solutions include a micro-USB male 
connector, a micro-USB female receptacle that has a mini 
mum of 2.80 mm on top of the PCB structure: a /8" (3.18 mm) 
female receptacle (headphone/microphone connection) has a 
minimum of 3.50 mm on top of a PCBA structure. The illus 
trated example using a male USB A connector 202 results in 
the thinnest non-proprietary connector integrated into the 
PCBA 200 with over-molding/pre-molding to allow it to fit 
properly into the respective female receptacle. 
0076. The male USBA connector 202 allows for connec 

tivity with a wide variety of commonly available computing 
devices (e.g., laptops, desktops, tablets, etc.). The female 
counterpart is commonly integrated into PCs and Laptops, 
Some tablets, cable connections to mobile device (phones and 
tablets), most new automobiles and other modes of transpor 
tation, extra battery packs, and wall plugs for charging USB 
devices. The male USB A connector 202 integrated into the 
PCBA 200 with a hard over-mold/pre-mold is extremely 
robust and easily manufactured. In an example, the male USB 
A connector 202 includes connector pins 204 (illustrated in 
FIGS. 2B and 2C in particular). 
0077. The PCBA 200 illustrated in FIGS. 2A-2E contains 

all essential electronic components for a functional impact 
detection device (dosimeter) except a power source (e.g., 
battery). Separation of the PCBA 200 and battery 304 creates 
a natural flex Zone (illustrated in FIGS. 4A-4C as flex Zone 
406 and in FIGS.5A-5E as flex Zone 506). 

PCBA and Battery Assembly 

0078 FIGS. 3A-3E are diagrams of an example printed 
circuit board assembly with a pre-bent battery attached prior 
to pre-mold. FIG. 3A is a top view diagram of the example 
PCBA and battery assembly 300. FIG. 3B is a side view 
diagram of the example PCBA and battery assembly 300. 
FIG. 3C is a bottom view diagram of the example PCBA and 
battery assembly 300. FIG.3E is a perspective view diagram 
of the example PCBA and battery assembly 300. In these 
figures, a pre-bent battery 304 is electrically connected with 
the PCBA 200 prior to a pre-mold operation to seal and 
capture the PCBA and battery assembly 300. The battery 
connection 306 is formed to allow for flex between the battery 
304 and the PCBA 200. 

Pre-Molded PCBA and Battery Assembly 

007.9 FIGS. 4A-4E are diagrams of an example pre 
molded printed circuit board and battery assembly 400 with 
the battery 404 and Surrounding pre-mold material forming a 
flexible cantilever section 402. FIG. 4A is a top view diagram 
of the example pre-molded PCBA and battery assembly 400. 
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FIG. 4B is a side view diagram of the example pre-molded 
PCBA and battery assembly 400. FIG. 4C is a bottom view 
diagram of the example pre-molded PCBA and battery 
assembly 400. FIG. 4D is a front view diagram of the example 
pre-molded PCBA and battery assembly 400. FIG. 4E is a 
perspective view diagram of the example pre-molded PCBA 
and battery assembly 400. In this example, the pre-mold 
operation is utilized to form a cantilever section 402 that 
integrates the battery 404. 

Hermetically Sealed PCBA Pre-Molding 

0080 FIGS. 5A-5E are diagrams of an example partially 
completed impact detection device 500 including a pre 
molded printed circuit board with a cantilever section 502 
formed during pre-mold and ready to receive a battery. FIG. 
5A is a top view diagram of an example hermetically sealed 
printed circuit board assembly for a device to detect impact 
events. FIG. 5B is a side view diagram of an example her 
metically sealed printed circuitboard assembly for a device to 
detect impact events. FIG.5C is a bottom view diagram of an 
example hermetically sealed printed circuit board assembly 
for a device to detect impact events. FIG.5D is a front view 
diagram of an example hermetically sealed printed circuit 
board assembly for a device to detect impact events. FIG. 5E 
is an isometric view diagram of an example hermetically 
sealed printed circuit board assembly for a device to detect 
impact events. Elements of the impact detection device 500 
illustrated in FIGS. 5A-5E include a cantilever portion 502 
that creates a controllable flex Zone 506 between a battery and 
the PCBA 200 (not specifically illustrated in FIGS.5A-5E). 
I0081. In this and other examples, hard molding material 
can be used in the pre-molding operation to encapsulate all 
components of the PCBA 200 and protect them from vibra 
tion, blunt impact, shear forces, and other destructive forces. 
The pre-molding operation can provide an overall shape of 
the device to fit head contour. In an example, an injection 
moldable macromolecule polymer material can be used for 
the pre-molding operation. The pre-molding can hermetically 
seal all components that may become damaged by moisture, 
water, or other liquids. In some examples, the pre-molding in 
combination with the over-molding provides a hermetic seal 
for the electronic components. 
I0082 FIGS.5A-5E illustrate an example with a cantilever 
portion 502 molded to hold the battery (not shown). In 
another example, illustrated for example in FIGS. 4A-4E, the 
battery 404 can be encapsulated by the pre-molding (cantile 
ver portion 402). These battery arrangements can provide 
strength to the overall device, strength to the flex Zone to 
ensure the battery leads (306) and solder joints are not 
stressed, and allow an amount of flex to be varied according to 
application. The flexibility of a flex Zone, such as flex Zone 
406 or 506, between the PCBA 200 and the battery 304 or 404 
can be tuned based on material thickness, material properties, 
and mechanical design features. 
I0083. The pre-mold can provide, along with the battery 
304 or 404 (being bent), the curved shape of the device. It is 
desirable for the device to be naturally curved and flexible so 
that it can accommodate a wide variety of head shapes and 
alternative wearing locations on an end user. With natural 
differences in head shapes if the device does not flex it may 
cantilever tangent to the natural curve encountered in some 
wearing locations, which can impact measurement accuracy. 
It can also cause a smaller area of contact in which the device 
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mounts to the head and can be more noticeable by the wearer 
because the force of the head mounting system and/or helmet. 
0084 FIGS. 6A-6C are diagrams of a pre-molded impact 
detection device 600 with an example light pipe 602 and 
molded activation button 604. FIG. 6A is a top view diagram 
of an example hermetically sealed printed circuit board and 
battery assembly for a device to detect impact events. As 
mentioned above, these examples include a battery within the 
pre-mold, instead of creating a cantilever portion to hold the 
battery. FIG. 6B is a side view diagram of an example her 
metically sealed printed circuit board and battery assembly 
for a device to detect impact events. FIG. 6C is an isometric 
view diagram of an example hermetically sealed printed cir 
cuit board and battery assembly for a device to detect impact 
events. In this example, these figures also illustrate a light 
pipe 602 and a molded in activation button 604. 

Light Pipe 

0085 FIG. 7A is a top view diagram of a pre-molded 
impact detection device with an example light pipe 710 and 
button actuator 712. FIG. 7B is a side view diagram of a 
pre-molded impact detection device with an example light 
pipe 710 and button actuator 712. FIG. 7C is a bottom view 
diagram of a pre-molded impact detection device with an 
example light pipe and activation button. FIG. 7D is a front 
view diagram of a pre-molded impact detection device with 
an example light pipe 710 and button actuator. FIG. 7E is an 
isometric view diagram of a pre-molded impact detection 
device with an example light pipe 710 and button actuator 
712. FIGS. 7A-7E also illustrate additional components of an 
example impact detection device, such as cantilevered section 
502, battery 304, and flexible battery connections (leads)306. 
In this example, the battery 304 is mounted on the cantile 
vered section 502, in other examples the battery 304 can be 
encapsulated when the cantilevered section 402 (not shown) 
is formed. The flexible battery connections 306 allow for 
flexure between the PCBA and the battery 304. 
I0086. The light pipe 710 can be a coated transparent struc 
ture with openings in coating for light input/output forcing 
input light to undergo reflections sufficient to mix and uni 
formly distribute multiple sources to produce an output. The 
light pipe 710 can be circularly symmetric with a light source 
at the center. A hemisphere can be included above the light 
sources to provide a reflecting surface. The light pipe 710 
includes metallized coating for reflection, removed at top and 
bottom planar Surfaces. In an example, the hemisphere posi 
tioned over the LEDs to direct light into a circularly symmet 
ric structure with engineered inner and outer Surface geom 
etries that provide mixing and uniform illumination in a 
Vertically constrained environment. In certain examples, the 
hemisphere, diameter and height, can be varied to achieve the 
desired level of light mixing. Light sources used with the light 
pipe 710 can include more than one source with different 
spectral characteristics. In one mode, a single LED can be 
used (turned on) for a uniform single color. In another mode, 
multiple LEDs can be used (turned on) for uniform color 
mixing. 
I0087 FIGS. 9A-9E illustrate an alternative light pipe 
design isolated from the example impact detection device 
Structure. 

0088 FIG. 9A is a top view diagram of an example light 
pipe without the reminder of the impact detection device. 
FIG. 9B is a side view diagram of an example light pipe 
without the reminder of the impact detection device. FIG.9C 
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is a bottom view diagram of an example light pipe without the 
reminder of the impact detection device. FIG. 9D is a front 
view diagram of an example light pipe without the reminder 
of the impact detection device. FIG.9E is an isometric view 
diagram of an example light pipe without the reminder of the 
impact detection device. 
I0089. The light pipe can provide a method to distribute 
illumination provided by LEDs through semi-translucent 
over-mold materials and can integrate an activation button 
(see FIG. 7A button actuator 712). The light pipe can enable 
color mixing to achieve an array of colors from a limited 
number of LEDs (e.g., red and green). Light pipes can also be 
adapted to display trademarks or logos. 

Over-Molded Final Assembly 

0090 FIGS. 8A-8E are diagrams of an example over 
molded impact detection device 800 with molded activation 
button 802 and translucent light pipe covering 804. FIG. 8A is 
a top view diagram of an example impact detection device 
800 with a final soft over-mold. FIG. 8B is a side view dia 
gram of an example impact detection device 800 with a final 
soft over-mold. FIG. 8C is a bottom view diagram of an 
example impact detection device 800 with a final soft over 
mold. FIG. 8D is a front view diagram of an example impact 
detection device 800 with a final soft over-mold. FIG.8E is an 
isometric view diagram of an example impact detection 
device 800 with a final soft over-mold. In this example, the 
diagrams illustrate a translucent portion 804 of the over-mold 
covering the light pipe as well as a molded-in activation 
button 802. In this example, the over-mold provides translu 
cence for illumination from the LED sources through the 
material. The over-mold does can be selected to limit impact 
on the spectral characteristics of the emitted light. Alterna 
tively, the spectral characteristics (e.g., mixing) of the light 
Source can be adjusted to account for any impacts of the 
over-mold on the emitted light. The over-mold also appears 
opaque until illuminated by the internal light sources (e.g., 
LEDs). 
0091. The final over-mold material can provide a comfort 
able feel for user while both wearing and handling the device. 
The final over-mold can also give definition to the overall 
device. In certain examples, the final over-molded impact 
detection device can include features to assist in securing the 
device within a head mounting system (e.g., a headband or a 
skull cap, among others). The figures do not include specific 
features for securing the device within the head mounting 
system. Finally, the over-mold material and process is 
designed to provide an extra layer of moisture, water, and 
other chemical resistance. 

Example Monitoring and Evaluation Interfaces 

0092 FIG. 10A is an illustration of an example web-based 
dashboard interface 1000 for monitoring users of an impact 
detection device. The interface 1000 can include multiple 
information areas or Zones for display and interaction with 
data generated from one or more impact detection devices. In 
an example, the interface 1000 can include information Zones 
such as: an activity and impact timeline 1005, an Impact 
Assessment System (IAS) score 1010, impact metrics 1015 
including the HIC score, maximum linear acceleration, maxi 
mum rotational acceleration and maximum rotational Veloc 
ity among others, an alert section 1020, highest IAS score 
today 1021, hit count 1022, an impact area illustration 1025, 
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an impact vector indicator 1027, a impact data graph 1030, 
and a hit recovery section 1040. The hit recovery section 1040 
can include a recovery test button 1045 that can initiate an 
interactive Survey to evaluate a player's cognitive functions, 
among other things. In an example, the interactive Survey can 
include all or a portion of a SCAT3 assessment. The impact 
timeline 1005 can use a bar graph to illustrate time-stamped 
impact events. The impact timeline 1005 can be scaled in 
various time increments depending upon available data or 
user preferences. The impact timeline 1005 can display his 
torical data or impact events as they occur or both. In an 
example, selecting a bar or event within the impact timeline 
1005 can display details regarding the selected event or group 
of events. The impact area illustration 1025 can provide a 
graphical illustration of where the detected impact occurred 
on a player's head, or an axis of rotation. For instances where 
devices are worn on the torso and head, the illustration can be 
expanded to include location of torso hits coupled with result 
ing head acceleration vectors. In certain examples, the impact 
area illustration 1025 can include an animation illustrating 
one or more impact events. The impact viewer can also 
include an impact vector indicator 1027 that can provide 
information on the direction of rotation imparted to the body 
during the recorded impact. 
0093. The IAS score 1010 provides a numeric estimation 
of the magnitude of the detected impact on a numeric point 
scale. In an example, the IAS score 1010 can represent a 
scoring system that translates any injury metric curve to a 
quantized set of values. The IAS point scale translates to any 
injury risk curve by quantizing the scale based upon percent 
likelihood of injury, which allows for future adaptation of the 
algorithm while maintaining a consistent scale. For example, 
values can be based upon the percent likelihood of injury. The 
injury metric curve can be broken up into sections based upon 
the percent likelihood of injury. Each section is given part of 
a continuous range. This range maps the percent likelihood of 
injury to a set of values that are independent of the metric used 
to calculate the percent likelihood of injury. In other 
examples, a different scale can be used, multiple scales can be 
combined, or an actual force measurement can be provided. 
In certain examples, a piecewise linear curve with higher 
sensitivity for low level hits can be used to enable a user to 
distinguish between low-level impacts. Such as may be 
encountered during training sessions. Traditional impact met 
rics have a tendency to Zero out low-level impacts, reducing 
the ability to use these metrics for things like training 
0094. The HIC score listed in impact metrics 1015 is the 
Head Injury Criterion, which is a measure of the likelihood of 
injury from an impact based upon acceleration Sustained over 
time. The highest IAS score today 1021 highlights the biggest 
impact recorded that day (or in any configurable timeframe). 
Hit count 1022 can indicate the number of hits received over 
a specified period of time by the particular player. The alert 
section 1020 can list event or other information a user may be 
interested in, such as high count of hits in one time period or 
biggest impact on record. 
0095 FIG. 10B is an enlarged illustration of an example 
impact data graph 1030 portion of the interface 1000 illus 
trated in FIG. 10A. As illustrated in FIG. 10B, the Impact 
Data graph 1030 can include measurements provided by sen 
sors within the impact detection device and/or calculations 
performed based on measurements. In this example, X-axis, 
Y-axis, and Z-axis rotations are depicted along with the 
resultant magnitude. 
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(0096 FIGS. 11A-11D are illustrations of multiple 
example mobile device user interface screens for monitoring 
users wearing impact detection devices. The interfaces illus 
trated in FIGS. 11A-11D include interactive information 
Zones for displaying and manipulating data generated by one 
or more impact detection devices. The interactive information 
Zones are responsive to user input that can vary based on the 
type of mobile device being used (e.g., touch input versus 
cursor-based input). FIG. 11A illustrates user interface 1110 
that illustrates an example interface depicting data for mul 
tiple team members with various information graphics and 
icons providing present and historic data. In an example sys 
tem, the interface 1110 can be generated by a mobile appli 
cation accessing a network-based server collecting and main 
taining data across the multiple team members. In another 
example, the mobile application generating interface 1110 
can also receive data directly from impact detection devices 
over a wired (e.g., USB) or wireless (e.g., Bluetooth) com 
munication interface. Data received directly from impact 
detection devices can also be synchronized by the mobile 
application with a network-based server. User interface 1110 
can include interface elements such as player display 1112 
that can include Latest IAS Score and Highest IAS Score 
displays and impact detection device status indicator 1114. 
The impact detection device indicator 1114 provides indica 
tions such as last connection time and battery status, among 
other things. The user interface 1110 can include navigation 
buttons 1116 that allow navigation between different user 
interfaces illustrated in FIGS. 11A-11D. In another example, 
the interface 1110 (as well as interfaces 1120 and 1130) can 
be generated from data collected by the mobile device 
directly from one or more impact detection devices. FIG. 11B 
illustrates user interface 1120 that illustrates an example indi 
vidual player interface on a mobile device. The interface 1120 
can include additional data on the individual players and an 
enlarged view of the information depicted in interface 1110. 
In this example, interface 1120 includes elements such as an 
IAS Score 1122 display, a Hit Area display 1124, a Hit Met 
rics display 1126, and an impact data display 1128. The 
displays on interface 1120 correspond to displays discussed 
in reference to FIG. 10A. The interface 1120 within the 
impact data display 1128 can depict actual output from an 
accelerometer or gyroscope over a period of time. The illus 
trated period of time can include an impact event to assist in 
visualizing the extent of the impact. 
0097 FIGS. 11C and 11D illustrate user interfaces 1130 
and 1140 that provide additional example displays for indi 
vidual player data. For example, interfaces 1130 and 1140 
include histogram display 1132 that can display time stamped 
IAS score data over a period of time. Interface 1140 illustrates 
chart filters 1142 that enable filtering of the data displayed in 
histogram display 1132. 

Example Evaluation Methods 
0.098 FIG. 13 is a flowchart illustrating an example 
method 1300 for determining an orientation and location of 
an impact detection device worn by a user. In an example, the 
method 1300 can include operations such as: analyzing 
movement of a user wearing an impact detection device at 
1310, determining a heading of the user at 1320, filtering out 
extraneous movements of the user (e.g., head movements and 
movements associated with walking) at 1330, determining 
whether additional heading measurements should be gath 
ered at 1350, and calculating a device orientation with respect 
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to the user at 1360. The method 1300 can be performed 
on-board an impact detection device. Such as impact detec 
tion device 100, or on an offline computing system with data 
obtained from impact detection device 100. The following 
example is discussed as occurring on-board the impact detec 
tion device 100. 
0099. In an example, the method 1300 can begin at 1310 
with the impact detection device 100 analyzing movement of 
a user wearing the impact detection device 100. The impact 
detection device 100 can obtain and analyze inputs such as 
gait and frequency of movement to determine when the user 
is walking During periods of Sustained movement, such as 
walking, the method 1300 can continue at 1320 with the 
impact detection device performing a heading calculation 
based upon acceleration vectors gathered by sensors within 
the impact detection devices, such as a 3-axis accelerometer 
112. At 1330, the method 1300 can continue with the impact 
detection device 100 using the gyroscope 110 to filter out 
extraneous movement, such as movements associated with 
the head turning. The impact detection device 100 can gather 
aheading measurement periodically whenevera walking pat 
tern is detected in order to improve the accuracy and remove 
any erroneous calculations from the heading estimate. At 
1350, the method 1300 can optionally include a decision 
point to determine if additional heading measurements need 
to be gathered. If additional heading measurements are 
desired, then method 1300 can loop back to operation 1310. 
In certain examples, statistical methods and confidence 
weight can be applied to new data as it is added to the dataset. 
In an example, results of the movement calculations can be 
stored within memory 108. At 1360, the method 1300 can 
conclude with the impact detection device 100 calculating a 
device orientation in reference to a center of gravity of a user, 
or some other reference point. 
0100 FIG. 12 illustrates multiple example orientation sce 
narios that can be determined with method 1300. Once the 
heading is known it is used in conjunction with the gravity 
vector to determine the orientation of the sensor. An illustra 
tion of this concept is provided in FIG. 12. 
Case 1: The user places the sensor behind their right ear with 
USB pointing clockwise. 
0101 Gravity vector: Y 
0102 Heading vector X: X--60% 
(0103 Heading vector Z: Z+40% 
Case 2: The user takes sensor off and places it back on rotated 
clockwise to behind the back left ear with USB pointing 
clockwise. 
0104 Gravity vector: Y 
0105 Heading vector X: X-60% 
0106 Heading vector Z: Z+40% 
Case 3: User rotates device so that the USB is now pointing 
counter-clockwise and places it back behind the right ear. 
0107 Gravity vector: Y+ 
0108 Heading vector X: X-60% 
0109 Heading vector Z: Z+40% 
0110. Additional Evaluation Algorithms: 
0111 Adaptive thresholds based on network-based (e.g. 
cloud) data and concussion history of individual. In an 
example, the impact event history and medical history for an 
individual can be used to adaptively modify thresholds 
related to event capture triggering, indicator light operation, 
and the injury risk assessment score. Adaptive thresholds can 
be based on time-weighted sums of individual event severity 
or injury risk assessment scores, with more recent event 
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weighted more heavily than older events. In some examples, 
the sideline and post-game assessments, as compared to the 
baseline, can also impact the adaptive thresholds. Established 
and evolving return to play criteria can be utilized in conjunc 
tion with adaptive thresholds. 
0112 Event detection using combination of linear and 
rotational acceleration. In an example, various combinations 
of the following measurement criteria can be utilized as trig 
ger criteria for event detection: 
0113 Linear acceleration exceeding a threshold 
0114 Linear acceleration exceeding a threshold for a set 
duration of time 
0115 Rotational velocity exceeding a threshold 
0116 Rotational velocity exceeding a threshold for a set 
duration of time 
0117 Rotational acceleration exceeding a threshold 
0118 Rotational acceleration exceeding a threshold for a 
set duration of time 
The trigger criteria can be combined into predefined patterns 
to refine event detection capabilities. In addition to the trigger 
criteria list above, individual axes or vector magnitudes can 
also be used for event detection. The trigger criteria, combi 
nations of criteria, and patterns can also be used for false 
trigger rejection. For example, event detection can be imple 
mented as linear or rotational acceleration exceeding a 
threshold, while false trigger rejection factors in a time dura 
tion or a particular pattern occurring or not occurring. In an 
example, a pattern can include a frequency content of a signal, 
presence or absence of a signal from components designed to 
detect changes in nearby electromagnetic properties, or sig 
nals to distinguish between a device mounted on the head, 
uniform or other body part versus a device that is not 
mounted. A signal to distinguish between a mounted device 
and a non-mounted device can include a signal generated by 
a connection in a headband (e.g., a connection that the USBA 
male connector can insert into). False trigger rejection can 
also examine the frequency of an impact to determine if it is 
within specific ranges consistent with an impact event. 
Detecting an impact detection device is in free fall can also be 
used as a false trigger rejection, as such an occurrence may 
indicate that the device was thrown in the air. 
0119) Algorithms to determine if device is mounted on a 
head (can tie into false trigger rejection algorithms), see dis 
cussion of FIG. 14 below for an example. Determining 
whether a device, such as the impact detection device 100, is 
actually being worn on an appropriate body part, Such as the 
head, can be performed in numerous ways. In some examples, 
additional sensors can be included in the device. Such as 
proximity sensors, capacitive sensors, infrared sensors, or 
Some other type of thermal sensor. However, these examples 
require additional electronics and processing that can result in 
a more expensive and complicated device. 
I0120 In an example, activity specific profiles can be 
developed to assist with outlier detection. Activity specific 
profiles can be compared against a users average impacts to 
determine when a specific impact event is more severe than 
the typical hits the user experiences during a particular activ 
ity. Activity specific profiles can include national averages or 
other baseline type data to assist in comparing specific impact 
events. In certain examples, activity specific profiles can also 
be broken down by gender, age, body size, or other charac 
teristics that may impact acceptable average impacts. Alerts 
can be generated when a particular impact event exceeds 
acceptable averages based on activity profile. 
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0121. In an example, the impact detection devices can 
include power saving modes based upon user activity levels 
(detect walking gate, peak acceleration levels, frequency, 
etc.). Activity levels can be monitored by Sampling accelera 
tion over time. Metrics such as maximum acceleration, fre 
quency of acceleration, and other characteristics can be used 
to determine when different sensors should be enabled. After 
long periods of inactivity the impact detection device can be 
placed into an ultra-low power mode. 
0122. In certain examples, it may be advantageous to 
translate measurements provided by an impact detection 
device to a person’s center of gravity. Translation to center of 
gravity and head referenced axes can be accomplished by 
removing the rotational component of acceleration from the 
linear component, which depends on the radial distance from 
the center of mass of the object and the rotational accelera 
tion. In examples where the impact detection device is 
mounted on a user's head, accurate measurement of how far 
the sensors are from the center of gravity of the head need to 
be determined. Methods for determining the distance from 
the impact detection device to the center of gravity can 
include using gender and age specific head size models or 
basic head measurements during an impact detection device 
set up procedure. 
0123 FIG. 14 is a flowchart illustrating an example 
method 1400 for rejecting false positive impact events 
detected by an impact detection device. In an example, the 
method 1400 can include operations such as: receiving a 
signal at 1410, determining a signal strength at 1420, analyz 
ing signal strength at 1430, determining whether device is on 
a body part at 1440, rejecting impact data at 1450, and pro 
cessing impact data at 1460. The method 1400 can include 
more or fewer operations than those depicted in FIG. 14 and 
the illustrated operations can be performed in a different order 
in some examples. Method 1400 is discussed and intended to 
be performed on the impact detection device 100; however, it 
is possible to perform the operations discussed in reference to 
method 1400 on a computing device external to the impact 
detection device 100. 

0124. In an example, an impact detection device. Such as 
device 100, can include a secondary antenna and receiver for 
detecting signal strength of the primary antenna 116. The 
secondary antenna/receiver can be a full antenna/receiver 
added to the PCBA assembly. In another example, the sec 
ondary antenna/receiver can be a PCB trace with voltage 
monitoring via a discrete component (such as an analog to 
digital converter (ADC)). In other examples, the ADC can be 
integral to the microprocessor, which can monitor Voltage. 
The secondary antenna and receiver can be used to detect the 
signal strength of the primary antenna, which can be tuned to 
provide an indication of whether the impact detection device 
100 is being worn by the user. In an example, the primary 
antenna 116 can be tuned to provide maximum signal strength 
when the device 100 is in contact with a user's head (or other 
body part). When the device 100 is not in contact with a user's 
head, the primary antenna 116 becomes detuned and the 
signal strength (power output) drops. In an example, the sec 
ondary antenna and receiver can be tuned to only register a 
signal when the primary antenna 116 is producing a signal 
above a threshold level, with the threshold tuned to indicate 
contact with a body part. 
0.125. In this example, the method 1400 can begin at 1410 
with a secondary antenna/receiver component of the impact 
detection device 100 receiving a signal from the primary 
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antenna 116. At 1420, the method 1400 can continue with the 
processor 104 determining signal strength of the signal mea 
Sured on the secondary antenna, the signal received from the 
primary antenna 116. In another example, the secondary 
antenna/receiver component may be tuned to provide an 
essentially binary output, which would not require any pro 
cessing by the processor 104. At 1430, the method 1400 can 
continue with the processor 104 analyzing the received signal 
strength to determine whetherit exceeds a pre-defined thresh 
old. At 1440, the method 1400 can continue with the proces 
Sor 104 determining, based on analysis of the signal strength, 
whether the impact detection device 100 is in contact with a 
user's body part. In certain examples, the impact detection 
device 100 may be tuned for close proximity to a body part 
rather than direct contact. For example, the impact detection 
device 100 can be tuned to be worn attached to a helmet, to 
protective padding, or within a headband that puts some 
amount of padding between the user and the impact detection 
device 100. The pre-defined threshold can be tuned to accom 
modate different locations. 
0.126 If at 1440, the processor 104 determines that the 
impact detection device 100 is in contact with (or close prox 
imity to) a user's body part, the method 1400 can continue at 
1460 with the processor 104 processing any detected impact 
data. However, if at 1440, the processor 104 determines that 
the impact detection device 100 is not in contact with (or close 
proximity to) a user's body part, the method 120 can continue 
at 1450 with the processor 104 rejecting any detected impact 
data, thus identifying false positives. In another example, the 
processor 104 can process detected impact data at 1450, but 
tag the data to indicate that it is likely a false positive. 

Modules, Components and Logic 
0127 Certain embodiments are described herein as 
including logic or a number of components, modules, or 
mechanisms. Modules may constitute either software mod 
ules (e.g., code embodied on a machine-readable medium or 
in a transmission signal) or hardware modules. A hardware 
module is a tangible unit capable of performing certain opera 
tions and may be configured or arranged in a certain manner. 
In example embodiments, one or more computer systems 
(e.g., a standalone, client or server computer system) or one or 
more hardware modules of a computer system (e.g., a pro 
cessor or a group of processors) may be configured by Soft 
ware (e.g., an application or application portion) as a hard 
ware module that operates to perform certain operations as 
described herein. 
I0128 Invarious embodiments, a hardware module may be 
implemented mechanically or electronically. For example, a 
hardware module may comprise dedicated circuitry or logic 
that is permanently configured (e.g., as a special-purpose 
processor, such as a field programmable gate array (FPGA) or 
an application-specific integrated circuit (ASIC)) to perform 
certain operations. A hardware module may also comprise 
programmable logic or circuitry (e.g., as encompassed within 
a general-purpose processor or other programmable proces 
sor) that is temporarily configured by Software to perform 
certain operations. It will be appreciated that the decision to 
implement a hardware module mechanically, in dedicated 
and permanently configured circuitry, or in temporarily con 
figured circuitry (e.g., configured by Software) may be driven 
by cost and time considerations. 
I0129. Accordingly, the term “hardware module' should 
be understood to encompassatangible entity, be that an entity 
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that is physically constructed, permanently configured (e.g., 
hardwired) or temporarily configured (e.g., programmed) to 
operate in a certain manner and/or to perform certain opera 
tions described herein. Considering embodiments in which 
hardware modules are temporarily configured (e.g., pro 
grammed), each of the hardware modules need not be con 
figured or instantiated at any one instance in time. For 
example, where the hardware modules comprise a general 
purpose processor configured using software, the general 
purpose processor may be configured as respective different 
hardware modules at different times. Software may accord 
ingly configure a processor, for example, to constitute a par 
ticular hardware module at one instance of time and to con 
stitute a different hardware module at a different instance of 
time. 

0130 Hardware modules can provide information to, and 
receive information from, other hardware modules. Accord 
ingly, the described hardware modules may be regarded as 
being communicatively coupled. Where multiple of such 
hardware modules exist contemporaneously, communica 
tions may beachieved through signal transmission (e.g., over 
appropriate circuits and buses) that connects the hardware 
modules. In embodiments in which multiple hardware mod 
ules are configured or instantiated at different times, commu 
nications between such hardware modules may be achieved, 
for example, through the storage and retrieval of information 
in memory structures to which the multiple hardware mod 
ules have access. For example, one hardware module may 
perform an operation and store the output of that operation in 
a memory device to which it is communicatively coupled. A 
further hardware module may then, at a later time, access the 
memory device to retrieve and process the stored output. 
Hardware modules may also initiate communications with 
input or output devices, and can operate on a resource (e.g., a 
collection of information). 
0131 The various operations of example methods 
described herein may be performed, at least partially, by one 
or more processors that are temporarily configured (e.g., by 
Software) or permanently configured to perform the relevant 
operations. Whether temporarily or permanently configured, 
Such processors may constitute processor-implemented mod 
ules that operate to perform one or more operations or func 
tions. The modules referred to herein may, in Some example 
embodiments, comprise processor-implemented modules. 
0132 Similarly, the methods described herein may be at 
least partially processor-implemented. For example, at least 
some of the operations of a method may be performed by one 
or processors or processor-implemented modules. The per 
formance of certain of the operations may be distributed 
among the one or more processors, not only residing within a 
single machine, but deployed across a number of machines. In 
Some example embodiments, the processor or processors may 
be located in a single location (e.g., within an office environ 
ment or as a server farm), while in other embodiments the 
processors may be distributed across a number of locations. 
In certain examples, at least a portion of the processor-imple 
mented operations can be performed on the sensor devices, 
such as sensor device 10. 
0133. The one or more processors may also operate to 
Support performance of the relevant operations in a network 
based (e.g. cloud) computing environment or as “software as 
a service' (SaaS). For example, at least some of the opera 
tions may be performed by a group of computers (as examples 
of machines including processors), with these operations 
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being accessible via a network (e.g., the Internet) and via one 
or more appropriate interfaces (e.g., APIs). 

Electronic Apparatus and System 
0.134 Example embodiments may be implemented in 
digital electronic circuitry, or in computer hardware, firm 
ware, Software, or in combinations of them. Example 
embodiments may be implemented using a computer pro 
gram product, for example, a computer program tangibly 
embodied in an information carrier, for example, in a 
machine-readable medium for execution by, or to control the 
operation of data processing apparatus, for example, a pro 
grammable processor, a computer, or multiple computers. 
0.135 A computer program can be written in any form of 
programming language, including compiled or interpreted 
languages, and it can be deployed in any form, including as a 
stand-alone program or as a module, Subroutine, or other unit 
Suitable for use in a computing environment. A computer 
program can be deployed to be executed on one computer or 
on multiple computers at one site or distributed across mul 
tiple sites and interconnected by a communication network. 
0.136. In example embodiments, operations may be per 
formed by one or more programmable processors executing a 
computer program to perform functions by operating on input 
data and generating output. Method operations can also be 
performed by, and apparatus of example embodiments may 
be implemented as, special purpose logic circuitry (e.g., a 
FPGA or an ASIC). 
0.137 The computing system can include clients and serv 
ers. A client and server are generally remote from each other 
and typically interact through a communication network. The 
relationship of client and server arises by virtue of computer 
programs running on the respective computers and having a 
client-server relationship to each other. In embodiments 
deploying a programmable computing system, it will be 
appreciated that both hardware and software architectures 
require consideration. Specifically, it will be appreciated that 
the choice of whether to implement certain functionality in 
permanently configured hardware (e.g., an ASIC), in tempo 
rarily configured hardware (e.g., a combination of Software 
and a programmable processor), or a combination of perma 
nently and temporarily configured hardware may be a design 
choice. Below are set out hardware (e.g., machine) and soft 
ware architectures that may be deployed, in various example 
embodiments. 

Example Machine Architecture and Machine-Readable 
Medium 

0.138 FIG. 15 is a block diagram of machine in the 
example form of a computer system 1500 within which 
instructions, for causing the machine to perform any one or 
more of the methodologies discussed herein, may be 
executed. In alternative embodiments, the machine operates 
as a standalone device or may be connected (e.g., networked) 
to other machines. In a networked deployment, the machine 
may operate in the capacity of a server or a client machine in 
server-client network environment, or as a peer machine in a 
peer-to-peer (or distributed) network environment. The 
machine may be a personal computer (PC), a tablet PC, a 
set-top box (STB), a PDA, a cellular telephone, a web appli 
ance, a network router, Switch or bridge, or any machine 
capable of executing instructions (sequential or otherwise) 
that specify actions to be taken by that machine. Further, 



US 2015/004.0665 A1 

while only a single machine is illustrated, the term “machine' 
shall also be taken to include any collection of machines that 
individually or jointly execute a set (or multiple sets) of 
instructions to performany one or more of the methodologies 
discussed herein. 
0.139. The example computer system 1500 includes a pro 
cessor 1502 (e.g., a central processing unit (CPU), a graphics 
processing unit (GPU) or both), a main memory 1504 and a 
static memory 1506, which communicate with each other via 
a bus 1508. The computer system 1500 may further include a 
video display unit 1510 (e.g., a liquid crystal display (LCD) 
or a cathode ray tube (CRT)). The computer system 1500 also 
includes an alphanumeric input device 1512 (e.g., a key 
board), a user interface (UI) navigation device 1514 (e.g., a 
mouse), a disk drive unit 1516, a signal generation device 
1518 (e.g., a speaker) and a network interface device 1520. 

Machine-Readable Medium 

0140. The disk drive unit 1516 includes a machine-read 
able medium 1522 on which is stored one or more sets of 
instructions and data structures (e.g., software) 1524 
embodying or used by any one or more of the methodologies 
or functions described herein. The instructions 1524 may also 
reside, completely or at least partially, within the main 
memory 1504, static memory 1506, and/or within the proces 
sor 1502 during execution thereof by the computer system 
1500, the main memory 1504 and the processor 1502 also 
constituting machine-readable media. 
0141 While the machine-readable medium 1522 is shown 
in an example embodiment to be a single medium, the term 
“machine-readable medium may include a single medium or 
multiple media (e.g., a centralized or distributed database, 
and/or associated caches and servers) that store the one or 
more instructions or data structures. The term “machine 
readable medium’ shall also be taken to include any tangible 
medium that is capable of storing, encoding or carrying 
instructions for execution by the machine and that cause the 
machine to performany one or more of the methodologies of 
the present invention, or that is capable of storing, encoding or 
carrying data structures used by or associated with Such 
instructions. The term “machine-readable medium’ shall 
accordingly be taken to include, but not be limited to, solid 
state memories, and optical and magnetic media. Specific 
examples of machine-readable media include non-volatile 
memory, including by way of example, semiconductor 
memory devices (e.g., Erasable Programmable Read-Only 
Memory (EPROM), Electrically Erasable Programmable 
Read-Only Memory (EEPROM)) and flash memory devices: 
magnetic disks such as internal hard disks and removable 
disks; magneto-optical disks; and CD-ROM and DVD-ROM 
disks. 

Transmission Medium 

0142. The instructions 1524 may further be transmitted or 
received over a communications network 1526 using a trans 
mission medium. The instructions 1524 may be transmitted 
using the network interface device 1520 and any one of a 
number of well-known transfer protocols (e.g., HTTP). 
Examples of communication networks include a LAN, a 
WAN, the Internet, mobile telephone networks, Plain Old 
Telephone (POTS) networks, and wireless data networks 
(e.g., WiFi and WiMax networks). The term “transmission 
medium’ shall be taken to include any intangible medium that 
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is capable of storing, encoding or carrying instructions for 
execution by the machine, and includes digital or analog 
communications signals or other intangible media to facili 
tate communication of Such software. 
0.143 Although the present invention has been described 
with reference to specific example embodiments, it will be 
evident that various modifications and changes may be made 
to these embodiments without departing from the broader 
spirit and scope of the invention. Accordingly, the specifica 
tion and drawings are to be regarded in an illustrative rather 
than a restrictive sense. 
0144. Although an embodiment has been described with 
reference to specific example embodiments, it will be evident 
that various modifications and changes may be made to these 
embodiments without departing from the broader spirit and 
Scope of the invention. Accordingly, the specification and 
drawings are to be regarded in an illustrative rather than a 
restrictive sense. The accompanying drawings that form a 
parthereof, show by way of illustration, and not of limitation, 
specific embodiments in which the subject matter may be 
practiced. The embodiments illustrated are described in suf 
ficient detail to enable those skilled in the art to practice the 
teachings disclosed herein. Other embodiments may be used 
and derived therefrom, such that structural and logical Sub 
stitutions and changes may be made without departing from 
the scope of this disclosure. This Detailed Description, there 
fore, is not to be taken in a limiting sense, and the scope of 
various embodiments is defined only by the appended claims, 
along with the full range of equivalents to which such claims 
are entitled. 
0145 Such embodiments of the inventive subject matter 
may be referred to herein, individually and/or collectively, by 
the term “invention' merely for convenience and without 
intending to Voluntarily limit the scope of this application to 
any single invention or inventive concept if more than one is 
in fact disclosed. Thus, although specific embodiments have 
been illustrated and described herein, it should be appreciated 
that any arrangement calculated to achieve the same purpose 
may be substituted for the specific embodiments shown. This 
disclosure is intended to cover any and all adaptations or 
variations of various embodiments. Combinations of the 
above embodiments, and other embodiments not specifically 
described herein, will be apparent to those of skill in the art 
upon reviewing the above description. 
0146 All publications, patents, and patent documents 
referred to in this document are incorporated by reference 
herein in their entirety, as though individually incorporated 
by reference. In the event of inconsistent usages between this 
document and those documents so incorporated by reference, 
the usage in the incorporated reference(s) should be consid 
ered Supplementary to that of this document; for irreconcil 
able inconsistencies, the usage in this document controls. 
0.147. In this document, the terms “a” or “an are used, as 
is common in patent documents, to include one or more than 
one, independent of any other instances or usages of “at least 
one' or “one or more.” In this document, the term 'or' is used 
to refer to a nonexclusive or, such that “A or B' includes “A 
but not B. “B but not A and “A and B, unless otherwise 
indicated. In the appended claims, the terms “including and 
“in which are used as the plain-English equivalents of the 
respective terms “comprising and “wherein.” Also, in the 
following claims, the terms “including and “comprising are 
open-ended; that is, a system, device, article, or process that 
includes elements in addition to those listed after such a term 
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in a claim are still deemed to fall within the scope of that 
claim. Moreover, in the following claims, the terms “first.” 
“second, and “third, and so forth are used merely as labels, 
and are not intended to impose numerical requirements on 
their objects. 
0148. The Abstract of the Disclosure is provided to com 
ply with 37 C.F.R. S1.72(b), requiring an abstract that will 
allow the reader to quickly ascertain the nature of the techni 
cal disclosure. It is submitted with the understanding that it 
will not be used to interpret or limit the scope or meaning of 
the claims. In addition, in the foregoing Detailed Description, 
it can be seen that various features are grouped together in a 
single embodiment for the purpose of streamlining the dis 
closure. This method of disclosure is not to be interpreted as 
reflecting an intention that the claimed embodiments require 
more features than are expressly recited in each claim. Rather, 
as the following claims reflect, inventive subject matter lies in 
less than all features of a single disclosed embodiment. Thus 
the following claims are hereby incorporated into the 
Detailed Description, with each claim standing on its own as 
a separate embodiment. 

1. An impact detection device for detecting impact to a 
body part of a user, the device comprising: 

a circuit board including impact detection circuitry com 
prising: 
at least two sensors, the at least two sensors comprising 

a first accelerometer and at least one of a gyroscope 
and a second accelerometer; 

a communication circuit to transmit data captured by the 
at least two sensors to a mobile device; and 

an integrated male USB connector comprising an 
extended portion of the circuit board with a plurality 
of connector pins disposed within a surface of the 
extended portion of the circuit board; 

a component having a first section and a second section 
connected by a flex Zone, a portion of the circuit board 
excluding the integrated male USB connector secured to 
the first section, wherein the component includes a 
length, a width, and a thickness, where the length and the 
width are Substantially greater than the thickness to cre 
ate a major surface to abut an external body part and the 
flex Zone extends along the width to allow bending of the 
major surface at least between the first second and the 
second section, and wherein the flex Zone allows for 
deflection of the second section with respect to the first 
section; 

a battery mounted to the second section to allow the battery 
to flex relative to the circuit board; and 

a molding for housing the circuit board, the battery and the 
component, wherein the housing is shaped and dimen 
sioned for mounting to the body part of the user. 

2. The impact detection device of claim 1, wherein the 
component, the circuit board, and the battery form a unified 
and continuous unit including at least one contiguous Surface. 

3. The impact detection device of claim 2, wherein the 
formable battery is at least partially encapsulated by the com 
ponent; and 

wherein the component is a molded polymer material. 
4. (canceled) 
5. The impact detection device of claim 1, wherein the 

molding consists of a malleable semi-translucent material 
providing environmental protection. 
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6. The impact detection device of claim 1, wherein the at 
least two sensors collect linear acceleration and rotational 
Velocity data. 

7. The impact detection device of claim 1, wherein the 
circuit board further includes a magnetometer. 

8. The impact detection device of claim 1, wherein the 
component includes a locating feature for a button actuator. 

9. The impact detection device of claim 8, wherein the 
button actuator is adapted to engage a push button on the 
circuit board. 

10. The impact detection device of claim 1, wherein the 
battery is bendable and retains a bent shape. 

11. The impact detection device of claim 1, wherein the 
formable battery conforms to a curvature induced by location 
of use. 

12. The impact detection device of claim 1, wherein the 
second section of the component is formed with an initial 
angle with respect to the circuit board. 

13. The impact detection device of claim 12, wherein the 
second section is flexible in angular orientation with respect 
to the circuit board from the initial angle to approximately a 
positive 10 degrees and a negative 20 degrees. 

14. An impact detection device for detecting impact to a 
body part of a user, the device comprising: 

a circuit board including impact detection circuitry com 
prising: 
at least two sensors, the at least two sensors comprising 

a first accelerometer and at least one of a gyroscope 
and a second accelerometer; and 

a communication circuit to transmit data captured by the 
at least two sensors to an external computing device; 
and 

an integrated male USB connector comprising an 
extended portion of the circuit board with a plurality 
of connector pins disposed within a surface of the 
extended portion of the circuit board; 

a first molding having a first section and a second section 
connected by a flex Zone, the first section at least par 
tially encapsulating the circuit board, wherein the first 
molding includes a length, a width, and a thickness, 
where the length and the width are substantially greater 
than the thickness to create a major Surface to abut an 
external body part and the flex Zone extends along the 
width to allow bending of the major surface at least 
between the first second and the second section, and 
wherein the flex Zone allows for deflection of the second 
section with respect to the first section; 

a battery at least partially encapsulated by the second sec 
tion to allow the battery to flex relative to the circuit 
board; and 

a second molding for at least partially encapsulating the 
circuit board, the battery and the first molding, wherein 
the second molding is shaped and dimensioned for 
mounting to the body part of the user. 

15. The impact detection device of claim 14, wherein the 
communication circuit includes a wireless transmission cir 
cuit to wirelessly transmit sensor data to an external comput 
ing device. 

16. The impact detection device of claim 14, wherein the 
circuit board includes an integral USB connector. 

17. The impact detection device of claim 16, wherein the 
communication circuit includes USB circuitry to enable 
wired communications with an external computing device via 
the integral USB connector. 



US 2015/004.0665 A1 

18. An impact detection device for detecting impact to a 
body part of a user, the device comprising: 

a circuit board including impact detection circuitry com 
prising: 
at least two sensors configured to collect at least linear 

acceleration and rotational Velocity data related to an 
impact event; and 

a communication circuit to transmit data captured by the 
at least two sensors to an external computing device; 
and 

an integrated male USB connector comprising an 
extended portion of the circuit board with a plurality 
of connector pins disposed within a surface of the 
extended portion of the circuit board; 

a component having a first section and a second section 
connected by a flex Zone, the first section at least par 
tially encapsulating the circuitboard, wherein the com 
ponent includes a length, a width, and a thickness, where 
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the length and the width are Substantially greater than 
the thickness to create a major Surface to abut an external 
body part and the flex Zone extends along the width to 
allow bending of the major surface at least between the 
first section and the second section, and wherein the flex 
Zone allows for deflection of the second section with 
respect to the first section; 

a battery secured to the second section to allow the battery 
to flex relative to the circuit board; and 

a molding for housing the circuit board, the battery and the 
component, wherein the housing is shaped and dimen 
sioned for mounting to the body part of the user. 

19. The impact detection device of claim 18, wherein the at 
least two sensors include an accelerometer and a gyroscope. 

20. The impact detection device of claim 18, wherein the at 
least two sensors include two accelerometers mounted to the 
circuit board with some spatial separation. 
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