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[bookmark: _Toc39237763]INTRODUCTION / BACKGROUND TO THE PROPOSED RESEARCH 

The research title is Collison Impact Sensor for head trauma in sport. 
This research will be used to help create a device which will monitor the impact force on the head. This device will aid in the safety of players with regards to the head and reduce the time taken to diagnose a head injury in many different sports but could be used in the construction industry among other things .

[bookmark: _Toc39237764]The background to the subject area of study.   
[bookmark: _Toc39237765]Critical review 
[bookmark: _Toc39237766] The reason for the device 
In high contact sport injuries are fairly common. However, head injuries are extremely dangerous, there are a range of head traumas the treatment and seriousness of which change depending on the type of trauma. “Knowing the difference between the kinds of head injuries and the ability to assess the seriousness of a head injury could help with the speed and accuracy of the diagnosis . [1]” 
[bookmark: _Toc39237767]Rugby head injuries 
[bookmark: _Toc39237768]Types of head injury in rugby
“There are many types of head trauma they come under Traumatic Brain Injuries (TBI) these are caused from the cumulative damage that can occur as the result of multiple concussions or less severe blows to the head and the most minor type of trauma is called concussion. Concussion may be a direct result of a knock to the head or it can be a result of the rugby player speeding up or slowing down too quickly, like in a car crash. Those suffering from concussion are often confused and dazed and are occasionally sick or unconscious for a small period of time. Other more serious kinds of head injuries include fractures to the skull and compression injuries, otherwise known as ‘cracking your head open’. The fracture can put serious pressure on the brain also known as compression, which in turn may lead to permanent brain damage. Symptoms of compression injuries are similar to concussion injuries but last longer. If you suffer from persistent blurred vision for instance, seek immediate medical attention [2] [1]” .
[bookmark: _Toc39237769]Concussion
[image: ] Figure 1 An  Example of what happens to the brain when hit by an external force. [2]
“A concussion can happen when a person experiences a blow to the head, frequently happening in physical sporting activities such as boxing, American football (NFL), and rugby. It can also happen in leisure activities like cycling, horse riding, and skiing. The reason being that it doesn't have to be something to strike you in the proximity of your brain, but can also be caused by rapid change of movement giving the skull not enough time to move with your body causing your brain to press against your skull [3]” .



[bookmark: _Toc39237770]Edema
[image: PLOS ONE: Volumetric Electromagnetic Phase-Shift Spectroscopy of ...]v
Figure 2 An example of an edema [4]
“Any brain damage can lead to an edema or swelling. Many injuries cause swelling of the surrounding tissues, but it is more dangerous when it occurs in your brain, this down to the fact the skull cannot stretch to accommodate the swelling. This leads to pressure build-up in your brain, causing your brain to press against your skull. [3]” 

[bookmark: _Toc39237771]Skull fracture
[image: Skull Fracture - Bing Images | Subdural hematoma, First aid tips ...]
Figure 3 types of skull fracture [5]
“Unlike most bones in your body, your skull doesn’t have bone marrow, this makes the skull very strong and difficult to break. A broken skull is unable to absorb the impact of a blow making it more likely that there’ll also be damage to your brain [3]” . 






[bookmark: _Toc39237772]Similar products 

[bookmark: _Toc39237773]Protecht mouthguard  
[image: ]
Figure 4 Similar product [6]
“This device actively monitors impacts to a players during contact sport [6].”
This device was tested by Shane Williams and the Ospreys. The tests were televised by BBC Cymru Wales  . [7]



[bookmark: _Toc39237774]The x-patch 
[image: Working with Saracens to monitor concussion in rugby | UCL News ...]
Figure 5 the white patch behind the right ear is the x patch [8]
In 2015 the Saracens a professional rugby union club based in London ran a study using the x patch which is made by a Seattle-based (USA) company called X2 Biosystems  “this patch measures the size and angle of hits to the head it was used in games and training session and was placed behind the right year.” This device can also be found on players in the NFL and NHL. [9] [10]

[bookmark: _Toc39237775]What my research means and how it affects my project 
The above research means that any injury that a person suffers to the head can be dangerous and that there are similar products similar to the proposed product but instead of being focused at one or two sports it can be adapted so that it can be used in any sporting activity and other industries such as construction.  
The research affects what kind of device I will be designing as the device will be similar to other products but different so that there will be no plagiarised designs or results. The device will be tested in a lab setting to test if the instruments work. Then it will be taken to field testing where a live subject will wear the device and run through a variety of scenarios for example how robust the device is to an impact, how accurate the readings are, A crude example a headbutt would be stronger that a fist to the face as a rule of thumb but this does depend on the person i.e. a trained boxer compared to an untrained person . 
[bookmark: _Toc39237776]
The features of this device
The finished product will be able to more accurately record the location and strength of an impact, transmit and encrypt the recorded data to a specific device such as a laptop, the device will be placed in a lightweight but strong case to protect the components from being damaged.          

Why is this project worth doing?

This project is worth doing as it will help and aid in the diagnosing of major and minor head injuries in sport and work. This will hopefully also help hospital staff when asking question about the injury. This device does more in depth readings than is currently available       
 
aim of the project 
the aim of the project is to create a device which will accurately measure and locate an impact to the head and then transmit the data for analyse    
how  will these aims be achieved 
1. discuss the best way to go about my project with supervising lecturer and have regular meetings about the project
2. create document detailing everything done with the project. i.e. Components list, cost, issues, test accuracy, designs  
3. design and develop a basic design 
4. create a functioning prototype product using proteus simulation software to analyse and evaluate if the product meets requirements 
5. if possible, source physical components and create a physical device 
6. analyse and evaluate physical prototype to see if it matches simulations
 
[bookmark: _Toc39237777]Expected outcomes 
1. To have a working product which will accurately  measure impact strength and locate the impact point with regards to the head 
2. Transmit coherent data which will be used to help with the medical care of the wearer 
3.  reduce the time taken to diagnose head injuries 
[bookmark: _Toc39237778]What I hope to submit at the end of the study
1. A working prototype 
2. Accurate test results 
3. Survey and questions from device wearer
4. Any issues and how they influenced the project  
5. Recommendations for possible improvements
[bookmark: _Toc39237779]Recommendations
The recommendations from the research are that the device should be small and compact as to reduce its impact on the wearer. For example, if it was large and heavy which could impede the users head movement whereas if it was light and small it would have a lesser effect. Another recommendation is the product should have a protective casing to protect it from being damaged in an impact.   

[bookmark: _Toc39237780]RESEARCH & DEVELOPMENT METHODS 
[bookmark: _Toc39237781]Research methods
The research methods which will be used more than any other are computer-based simulations, physical tests, and questionnaires it will be done this way as to gives a broader view of results instead of focusing just one area. These  results from multiple tests will be evaluated by comparing the results and making the necessary adjustments to fix any irregularities or unforeseen effects to the user. 
Research philosophy and approach
 The philosophy will be positivism this is down to the fact that even though there is data to be looked at the majority of the knowledge gathered will be from observing in the real world for example does the device placement shift with an impact or does it stay fixed. Positivism usually produces quantitative  data and is centred around testing theory and is extremely specific and precise when it comes to the data. The way positivism works is that it uses structed interviews and questionnaires along with software development and experimentation.   

The approach will be deductive as during this project a hypothesis will be tested instead of creating a hypothesis which what inductive is. The hypothesis is the device will help to determine any head trauma and help point to a diagnosis that the device that will be made to locate and measure impacts to the have which will in turn help diagnose the type head injury. Is in essence a specific theory is chosen then the predictions and finally comes the experimentation and that is where the theory and predictions are proved or disproved    
[bookmark: _Hlk39664371]Research strategy
  The strategy that will be used falls under deduction this is down to the fact that a physical device is being made which will require software development, experimentation, simulationsimulation, and a document review which is usually from the device user 
[bookmark: _Toc39237782]Data collection
When collecting data there will be some limitations to what can be used as a collection method, such as timescale. The data collection methods must be reliable and valid so that any data will be accurate. [11]
There is also two type of data that can be collected quantitative data and qualitative data. Quantitative data is based on facts and figures for example data from  tests and experiments whereas qualitative data is opinion based for example a person’s observations or survey answers. [12]


The data will be collected by multiple different sources:-
1. Observation ad/dis
It is intended to view the device while in use i.e does it send accurate data, does it impair the wearer
   
Advantages and Disadvantages of Observations

Advantages 
· The test participants are in their usual situations thus are more prone towards responding in a realistic/ genuine way.
· The test operator can continue to be unbiased about the situation as they are not doing the test just monitoring the results.
· Video recording equipment can be used to review the tests and show context in which the data was taken i.e. where the impact is made. [13]


Disadvantages
· Not all the variables can be controlled which suggests that the test data might not be valid or have a high level of accuracy.
· Reactions might not be genuine as the test subject are in a  simulated situation so they would react differently from how they normally would i.e a live game is different to training. [13]




2. Questionnaire with a comments section: 
It is intended to  gather the opinion of the wearer and has a set of questions with a scale of 1 to 10 the study will have an undetermined number of subjects, but the age range will be 18 years old and over.
 
Advantages and Disadvantages of Questionnaires 

Advantages
· Questionnaires are affordable.
· Quick and easy to collect results.
· Allow easy analysis of results. [14]
Disadvantages
· Dishonest answers.
· Unanswered questions.
· Test subjects have difficulty understanding the questions. [14] 


3. Sensor data from device :
It is intended to gather the location and strength data i.e where was the user hit and how hard they hit

Advantages and Disadvantages of sensors

Advantages 
· Readings are more accurate than those taken by a human.
· They can monitor also long as they have power. [15]

Disadvantages 
· Faulty sensors can give faulty data. 
· Effected by environmental conditions. [15] 




[bookmark: _Toc39237783]
Risks, limitations, ethical and legal issues  
The issues are that the product may impact the wearers’ performance; the data could be stolen while transmitted from sensor, the sensor has a limited transfer range, the security of the data once transferred     
[bookmark: _Toc39237784]Ways to deal with these issues 
Some of these issues are fixable but others are not such as the limitations to the transfer range but those that can be fixed will be.
The device will be built lightweight and durable so that is does not impact the wearer.
The device will encrypt the data and then transfer through a secured wireless connection to only one specific device.
The security of the data once transferred will stored on one specific device that will only be used for decrypting, view and storing the data. This specific device will have the latest security which should be updated regularly.     
[bookmark: _Toc39237785]Analyse and evaluate data
The data will be analysed and envaulted by comparing the product with the  objectives, requirements and any similar studies , there will also be computer simulations and user tests.

[bookmark: _Toc39237786]

RESOURCES & PLANNING 
[bookmark: _Toc39237787]Resources and Equipment  
	Equipment and resources 

	Simulation software 

	PIC with programmer and software 

	Accelerometer with Z, X, Y axis

	Soldering equipment

	Small wireless data transmitter

	Small rechargeable battery

	Triaxial gyroscope

	Questionaries’ 


The above list show what is currently required to build and create a prototype device. The responses to the questionnaires will be obtained by the having a list of test subjects who will be given a questionnaire about the device and a contract allowing the data gained from these questionnaires to be used for example in a journal publication   
The costs should be quite low as most of these components and software  will already be in the possession of the university however the components that are not there will be purchased with funding which will hopefully be provided by the university within reason. The work for this project will be primarily done in the electronics laboratories due to the danger and specific tools required however certain aspects can be done from home such as building and programming a protues simulation     
[bookmark: _Toc39237788]Gantt chart and network diagram 
[image: ]
Figure 6 tasks and estimated timeline
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Figure 7 date and length of tasks
2 | Page


[image: ]
Figure 8 tasks if all goes well [image: ] Figure 9 tasks if work has to be redone
As the Gantt chart is being used to estimate the project timescale there may be a few inaccuracies with regards to how many tasks there are, how long these tasks will take .

Summary 
In summary the device that will be built will locate and measure impact to the head and  help to determine any head trauma and point to a diagnosis. To design this device proteus simulation software will be used. The maximum amount of time that can be spent on this project is 6 months which roughly adds up to semester 1 and semester 2 of an academic year. The components, equipment and software that are stored or available through the university via a small amount of money available to purchase anything which the university does not have. The data which will prove or disprove the hypothesis will come from observations from the test supervisor questionnaires and opinions from test subjects and the data reading from the device.
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Task Name v |Duration v Start ~ Finish ~ Predecessors

Reaserch 4 wks Mon 27/04/20  Fri 22/05/20

Design 4wks Mon 25/05/20 Fri19/06/20 1
Product build 2 wks Mon 22/06/20 Fri03/07/20 2

lab Testing 4wks Mon 06/07/20 Fri31/07/20 3

field testing 4wks Mon 03/08/20 Fri28/08/20 4

only required if issues are found 1 day? Mon 31/08/20 Mon 31/08/20 4,523
redesign 4wks Tue01/09/20 Mon 28/09/20 6
rebuild 2 wks Tue 29/09/20  Mon 12/10/20 6,7

retesting 4 wks Tue 13/10/20  Mon 09/11/20 6,8
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