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Problem Definition: 

Globally at least 10 million Traumatic Brain Injuries (TBI) resulting in death or hospitalization occur each 
year. Sports and recreation activities account for approximately 1.6-3.8 million cases of mild TBI (mTBI). 
Helmeted sports such as football offers a unique opportunity to study head injury biomechanics in live 
human subjects. Impact reconstruction employing game videos and real-time measurements of head 
kinematics provide a methods to quantify head impact exposures. Coupling helmet-mounted and skull-
mounted accelerometers provides a direct measure of the quality of protection offered by the helmet 
during football related impacts. Translational and rotational acceleration-time histories of head 
kinematics during an impact sport are provided by a pair of triaxial accelerometers mounted on the skull 
just behind each ear. These sensors relay the time history of the 3 acceleration components to a 
portable data processing unit (DPU) for raw data storage and processing. The DPU can be a smart phone 
capable of receiving the raw acceleration data via a wireless protocol such as Bluetooth and storing the 
data on a SIM-based memory card. Development of a smart phone application can process the data 
providing feedback on impact magnitude and direction for blunt-force trauma events. The application 
would process both triaxial sensor data streams to estimate both translational and rotational motion of 
the head providing an acceleration-time history of force amplitudes and frequencies. This stored data 
could prove tremendously valuable to an emergency room physician faced with diagnosing a potential 
injury sustained in a car accident, football game or recreational activity. Additional information can be 
provided to the user based on the accelerometer data such as energy expenditure, walking gait, running 
gait, tremor and other potentially useful data to assess neurological signatures associated with body 
performance issues. 

Problem Solution: 

Availability of compact, energy efficient, triaxial accelerometers capable of direct skull-mounting using 
sensor tattoo technology enable acceleration-time histories of the head to be recorded and processed 
with applications running on a standard smart phone. Employing high-bandwidth wireless data transfer 
protocols such as Bluetooth enables accelerometer data with sufficient amplitude and frequency 
content to provide useful information on head kinematics during various activities. Acceleration 
signatures can be directly related to head kinematics providing valuable insight into a range of body 
activities and functions of interest to the individuals such as energy expenditure histories, walking gait, 
running gait, neurological tremors, sports-related impacts, and accident-related impacts (a fall). Each of 
these activities or functions will require different sensor performance specifications related to 
bandwidth and acceleration range limits reflected in amplitude and frequency capability. This data can 
be processed to assess potential blunt-force head trauma resulting from head kinematics caused by a 
range of impact scenarios. Critical to the accuracy of utilizing accelerometer amplitude and frequency 



response signals to assess potential bodily injury is the need for calibration of cause and effect 
relationships between signals and injury. Sensor response to calibrated force impacts will be collected 
from dummies that will be subjected to known force impacts at known impact points on the dummies 
head. The long term aspect of this project requires a relationship between quantifiable accelerometer 
data and potential body injury which must be collected and assessed with human subjects.  This type of 
measurement data can be collected with sensors properly attached to the head of athletes while they 
perform various sports related activities. Employing video recordings of these athletes during actual 
games will provide data enabling the relationship between accelerometer and head/body kinematics 
that can potentially result in injury or muscle fatigue.  The sport of football offers unique capability for 
high impact experiments while sports such as tennis offer a testbed for reduced impact data. A range of 
different sports will be employed to assist in the mapping of accelerometer data to muscle strain, 
muscle injury and potential mTBI. 

Progress to Date: 

A comprehensive literature search was performed to assess the state-of-the-art in both accelerometer 
sensor and data processing unit performance characteristics (see references). The referenced articles 
provided a wealth of targeted applications for the anticipated measurement system which have been 
incorporated into the design process. Multiple accelerometer sensors have been identified as 
candidates for skull-based mounting along with their performance specifications related to bandwidth, 
maximum acceleration range, compactness, temporal response, in addition to other important 
performance specifications and tolerances. Exploration of candidate wireless data transfer protocols 
have been undertaken to assess the optimum system-level performance for the accelerometer/DPU 
measurement system based primarily on amplitude and frequency response characteristics. A first-order 
model has been established that provides a framework relating the individual acceleration component 
magnitudes and temporal features to head kinematics. A methodology for calibrating the accelerometer 
response to known force stimuli has been formulated based on a dummy and force generation 
technique that can be applied to different locations on the dummy. A secondary model that seeks to 
relate measured accelerometer signals to actual human subjects represents a more complicated activity 
which will exceed the objectives of this project. However, this model will be partially developed by 
employing acceleration sensors on athletes while they participate in sports related activities. Videos will 
be recorded and synchronized with accelerometer data to enable insight into the relationship between 
measured forces, body part location and impact forces. Specifically low-impact activities will be explored 
to assist in the “calibration” and mapping of accelerometer data to body kinematics during various 
activities such as walking, running, and playing sports. 

Anticipated Results: 

It is anticipated that time-stamped, triaxial acceleration data will provide both amplitude and frequency 
content allowing head kinematics to be estimated. It is believed that the head kinematics can provide 
useful insight into the individual’s activity such as sitting, walking, running, low-impact sports 
participation, and high-impact sports participation. It is also anticipated that the head kinematics can 
provide insight into potential occurrence of accidents or blunt-force impacts that could potentially result 
in head and neck trauma such as concussions, whiplash, cervical fracture, muscle fatigue, and muscle 
injury. The smart phone application will provide a capability to communicate with proper organizations 
to seek help if the injury sustained results in unconsciousness. The raw and processed acceleration data 



can be made available to physicians in an emergency situation to help in the diagnosis of injury to the 
individual saving valuable time in obtaining the proper medical therapy for the individual in a hospital 
environment. We expect the measurement system, data processing unit and application software will 
be highly beneficial in both the monitoring of individual health signatures and in the assessment of 
potentially damaging impacts sustained in sporting events and accidents. 
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