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Aims
1. To create a device to measure  impact  forces in sport.
2. To assist in sport diagnosis 

Objectives 
1. Research head trauma injuries
2. Create a functioning device with working program.

 Methods 
Proteus simulation software and C compiler with embedded c language for device construction, programming, and simulating. 
A summary of the major findings and/or deliverables. 
Due to Covid – 19 the finding and deliverables where limited to the Proteus simulation. 
The simulation works as expected. The device is able to accurately take, sort and store reading within the defined parameters.  
A statement of conclusions and recommendations.
Due to Covid – 19 the conclusions and recommendations are based on the Proteus simulation.
The conclusion are that the device and the code works as intended. 
The recommendation are that the code should be expanded to be able allow for measure extra factors such as device running time. Another recommendation is when possible, a physical prototype should be and tested to confirm or disprove the simulation test results. 
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[bookmark: _Toc71450458]INTRODUCTION 

The aim of this project is to create a device which can be used to be used by sports team to measure impacts to the head and help doctors extra information to help make a diagnosis, however due to the design it can be used in contact and non-contact sports and used to measure impacts to other parts of the body.  
The objective of this project to help coaches, players and doctors make decisions with regards to the health and safety of athletes taking part in sporting activities this will be done by researching protective equipment and how they work. There is also research into the medical risks of head trauma in sport and the possible injuries and there will be research into suitable components for the device. These research topics will help create a functioning device with code.  
The reason this project is currently relevant and important now is because in recent months the number of head injuries and their severity are increasing in not only just rugby but in other sports such as American football or football. This means that more equipment is needed to be designed and created with more up to date technology that better measures the impacts. 

This report is exploring current research into head trauma, other commercially available devices, and the research into specific components for the device and the software and hardware design. There also a sections for evaluating the test results, conclusions and recommendations gained for the project and reflection on how the project went and if there was anything that could be done differently or changed.





[bookmark: _Toc71450459]RESEARCH & REVIEW OF LITERATURE 

[bookmark: _Toc71450460]History of head trauma
The information gathered about head trauma has been steadily increasing from the prehistoric time period to the present day. The first known document is the Edwin  Smith  Papyrus which is detailing treatment of patients with traumatic brain injuries (TBI)  and  allows  insights  into  the medical  examination  and  treatment  of  head injured patients in ancient Egypt. It was written by  an  Egyptian  surgeon  thousands  of  years ago. There have been many other cultures such as the ancient Greeks and Egyptians to have researched methods on how to treat brain injuries but with most of these cultures a lot of their research subjects were injured in wars, but the first person to realise the dangers of injuries like the concussion and skull fractures  was a man called Abu  Bakr  Muhammad Iben  Zakariya  al-Razi who lived in the Persian empire more accurately now called Iran he lived in the years 854 to 925 AD. More recently there have been retired rugby players in the news because they are going to court against rugby’s governing body because they believe playing rugby has caused their mental issues. Also, the captain from the rugby team Leeds rhinos Stevie Ward has been forced to retire at the age of 27 due to concussions he suffered last year. [1]
[bookmark: _Toc71450461]History of protective equipment and how it works.
Over the years and over varies sports a variety of designs and materials have been used in the creation of protective equipment examples of this can be seen in American football were in the original helmet in the 1890s was just a leather straps put together then in the 1940s the plastic shell for the helmet was created then in the 1970s the design was improved by adding a sac to protect the head from the plastic shell and today we have the similar designs as the 1970s but the materials are stronger and the inner material provides more protection. With rugby the first known scrum cap “consisted of a headband that was padded in the ear areas adjoined to a chin strap that extended over the top of the head leaving, the scalp part of the head open and exposed.” However, the creation of the modern scrum cap was in 1890s  the only different between now and then is the materials and the added features like ventilation or anti odour agents. [2] [3]
“The most common type of head protection is a helmet which usually has hard material on the outside and foam on the inside. If you hit your head, the materials in your helmet will help to dissipate the force and energy of the impact, which reduces the force applied to the skull.” [4]
“The foam works to cushion the blow to the head, while the outer shell allows your head to safely skid across the surface of impact without jerking your neck. Essentially, if you do hit your head, your helmet will take the brunt of the impact, reducing the amount of energy that collides with your head.” A rugby scrum cap works the same way except that the inner and outer materials are soft. [4]





[bookmark: _Toc71450462]How is a head injury diagnosed?

A doctor will first try to determine if injured party has a head injury by using “the Glasgow Coma Scale (GCS). The GCS is a 15-point exam” that evaluates your mental state. A high-ranking suggests a that any damage is minor. [5]
The doctor should be familiar with the situation leading to your injury. If you have had a head injury, it is more than likely that the injured person is not going to remember the specifics about the incident. It is also recommended somebody who saw the incident as it vital for the doctor to ascertain if there has been a loss of consciousness and how for long.  [5]
The  doctor will also assess the injured person’s body looking for signs of damage, including swelling and bruising. There is a high likelihood of getting a neural exam, this will be used to gauge  body performance by gauging “muscle control and strength, eye movement, and sensation.”  [5]
[bookmark: _Hlk71204370]Brain Scans are frequently utilized to detect head injuries. A CT scan can assist doctors look for any  damage. These scans are quick to do and have a high percentage accuracy ,  they are usually the first scan do be done on the injured party . The injured person can also be given an MRI scan. This can give a more comprehensive picture of the brain. An MRI will typically be requested once the injured party is in a stable state.  [5] 

[bookmark: _Toc71450463]Medical risks of head trauma in sport 
Traumatic brain injuries typically results from a “violent blow or jolt to the head or body. An object that penetrates brain tissue, such as a bullet or shattered piece of skull, also can cause traumatic brain injury.” [5]
Minor brain damage may have an impact on your brain for a short period of time. “More significant brain damage could result in physical damage, damaged nerves, blood loss, and bruising. These injuries may result in longstanding difficulties or even in extreme circumstances death.” [5]
Traumatic brain injuries have an array of consequences to the mind and body. Symptoms and signs might arise instantly following the traumatic incident, although they could occur days or even weeks after the incident occurred. [5]
[bookmark: _Toc71450464]Mild brain injuries
The signs and symptoms of a mild injury can include:
A Blackout for a short period of time, being senseless, unbalanced, or disoriented, Headaches, Queasiness or sickness, Tiredness, Problems with speech, Trouble sleeping, or being asleep for longer than normal, Vertigo or no balance control . [5]
Sensory symptoms could involve blurry eyesight, an unusual sound in the ears, a terrible sense of taste or changes in the capability to smell and sensitivity towards lights or noise. [5]
The cognitive or mental symptoms are recollection or focus problems, Shifts in mood, feeling upset or uncomfortable. [5]
[bookmark: _Toc71450465]Moderate and severe brain injuries
“Moderate to severe brain injuries can include signs and symptoms of a mild injury, but other signs and symptoms can appear within the first hours to days after the head injury.” [5]
The Physical symptoms can include Loss of consciousness for an unknown period of time, a constant headache or headache that gets worse, frequent vomiting, Convulsions. There is also the possibility dilation of one or both pupils of the eyes, fluids emanating from the ears or nose,  Failure to rouse from sleep, lack of sensation or feeling in toes and fingers as well as failure of coordination. [5]
You also have the mental symptoms which could include, severe disorientation. There is also a chance of increased  anxiety or unusual behaviour. There is also an increased likelihood of incoherent speech and having similar disorders or conditions to that of a coma. [5]  

[bookmark: _Toc71450466]Causes
“Traumatic brain injury (TBI )is usually caused by a blow or other traumatic injury to the head or body. The degree of damage can depend on several factors, including the nature of the injury and the force of impact.” [5]

Common occurrences producing traumatic brain injuries can include Falls, Vehicle collisions, personal  violence, sports injuries, work related accidents and sometimes explosive blasts and combat injuries. [5]

[bookmark: _Toc71450467]Complications of having a brain injury. 

There are numerous complications that can arise instantly or shortly after getting a TBI. Severe injuries could increase the risk of receiving multiple complications and that they might be extremely serious. [5]
Some of the complications are altered consciousness such as a person is less aware or responsive there is also the chance of going into a coma or vegetive state and even brain death. [5]
There is also a chance of physical complications like seizures, fluid build-up in the brain, infections,     blood vessel damage,  headaches, vertigo. There is also a possibility of  cranial nerve damage which can cause Paralysis of facial muscles or losing sensation in the face, Loss of or altered sense of smell, Loss of or altered sense of taste, Loss of vision or double vision, Swallowing problems, Dizziness, Ringing in the ear and Hearing loss. [5]
You can also have intellectual problems due to changes in the brain caused by the injury. [5]
These changes could affect your cognitive and executive functions, your ability to communicate, how you handle social situations and even behavioural and emotional changes. There is also a possibility of your senses changing such as your sense of smell or hearing. You can also get degenerative brain diseases such as Alzheimer's disease, Parkinson's disease, and dementia. [5]






    







[bookmark: _Toc71450468]Prevention
Make sure your vehicles Seat belts and airbags are in working order, reduce or Stop alcohol and drug use. Do not drive under the influence of alcohol or drugs, including prescription medications that can impair the ability to drive, wear a Helmet or head protection were appropriate . [5]




[bookmark: _Toc71450469]Possible injuries of playing sport.
[bookmark: _Toc39237769][bookmark: _Toc71450470]Concussion
[image: ]
[bookmark: _Toc71529951] Figure 1 An  Example of what happens to the brain when hit by an external force. [6]
“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”. [7]



[bookmark: _Toc39237770][bookmark: _Toc71450471]Edema
[image: PLOS ONE: Volumetric Electromagnetic Phase-Shift Spectroscopy of ...]v
[bookmark: _Toc71529952]Figure 2 An example of an Edema [8]
“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.” [7]

[bookmark: _Toc39237771][bookmark: _Toc71450472]Skull fracture
[image: Skull Fracture - Bing Images | Subdural hematoma, First aid tips ...]
[bookmark: _Toc71529953]Figure 3 types of skull fracture [9]
“Unlike most bones in your body, your skull does not 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”. [7]
[bookmark: _Toc71450473]Hematoma
[image: Subdural Hematoma – Description, Causes, and Treatment. -]
[bookmark: _Toc71529954]Figure 4 Hematoma[11]
“A hematoma is a collection, or clotting, of blood outside the blood vessels. It can be very serious if a hematoma occurs in the brain. The clotting can lead to pressure building up inside your skull. This can cause you to lose consciousness or result in permanent brain damage.”  [5]
[bookmark: _Toc71450474]Haemorrhage
[image: Newborn and Infant Intracranial Hemorrhage or Subarachnoid Hemorrhage  Injury Lawyers - McEldrew Young Purtell Merritt]
[bookmark: _Toc71529955]Figure 5 Haemorrhage[12]
“A haemorrhage is uncontrolled bleeding. There can be bleeding in the space around your brain, called subarachnoid haemorrhage, or bleeding within your brain tissue, called intracerebral haemorrhage.”  [5]


[bookmark: _Toc71450475]Diffuse axonal
[image: ]
[bookmark: _Toc71529956]Figure 6 Diffuse axonal [12] 
“A diffuse axonal injury (sheer injury) is an injury to the brain that doesn’t cause bleeding but does damage the brain cells. The damage to the brain cells results in them not being able to function. It can also result in swelling, causing more damage. Though it is not as outwardly visible as other forms of brain injury, a diffuse axonal injury is one of the most dangerous types of head injuries. It can lead to permanent brain damage and even death.”  [5]


[bookmark: _Toc71450476]Benefits of impact detection. 
The detection of injuries from an impact or a series of impacts through instantaneous monitoring of head impact exposure can not only enable the early recognition and management of brain injury in sports which can allow premature involvement, possibly in before  an injury, rather than just as a management tool to be used after an injury has occurred. 
While supplying a team with impact devices might be cost dependant. “Impact monitoring will not eliminate brain injuries altogether; the benefits of early identification and prevention of further injury are numerous.” Some of these benefits are staff on the side-line get unbiased information that may advise their medical choices. Parents and coaches will also benefit from the dependence on  self-reporting of symptoms by the athletes and player, also the observational abilities of staff in spotting the  signs might not be the best. Teams should also benefit by having athletes and players that are fit and healthy. The amateur and professional athletes and players are less likely to be in the position of being of on the receiving end of harmful blows [11]

[bookmark: _Toc71450477]Why are impact measuring devices a good Idea  in sport?

Players do not want to be taken from the field. They may attempt to disguise their symptoms. There is also the player does not even know they have an injury also being aware is crucial because many destructive brain injuries are the outcome of subsequent impacts to the already injured a player there is also the possibility  that player take the action of not to saying they are injured as they think they could be disciplined by the coach for doing so, an example is being removed from a prominent position in the team. these devices measure impacts and helps identify players that should be assessed for injuries . These device and help coaches detect players with methods that involve unnecessary head contact. [11]
Certain devices are set to alert to alter side-line staff when certain parameters have been met. However, most of these devise are not designed as a diagnostic devices brain injuries could happen without warranting an alert for the device, so it is recommended that you do not just use these device. [11]





[bookmark: _Toc71450478]Other commercially available devices
[bookmark: _Toc71450479]Protecht
Protecht mouthguard
[image: ]
The mouthguard is made by Sports & Wellbeing Analytics based in Swansea and is in partnership with Swansea University. This device actively monitors impacts to players during contact sport it is used to Provide data to pitch-side staff in real time to aid decision making on head impact related incidents in training or in games. It works by having a  number of sensors are embedded within the Mouthguard which transmits in real time to a pitch side receiver. These sensors capture both linear and rotational acceleration. [10]



[bookmark: _Toc71450480]X2 Biosystems 
The X-Patch
[image: ] [image: ]
[bookmark: _Toc71529957]Figure 7 x patch in use [10]                                                      Figure 8 x patch size [11]
[bookmark: _Hlk65656462]The X-patch is made by X2 Biosystems in Seattle. It is a microchip device that is placed behind the ear. The monitoring system allows researchers to measure the force and impact of any blows to the head as they happen during play. It can notify trainers, coaches, and physicians about impacts to players heads during play, which in turn could help to inform in-game decisions and safety protocols. It measures linear and angular acceleration, angular velocity, peak angular acceleration, and 100-ms linear- and angular-acceleration curves. [11] [13]

The X Guard 
[image: ]
[bookmark: _Toc71529958]Figure 9 X guard [11]
The X – guard is also made by X2 Biosystems. It uses a 3-Axis accelerometer and gyroscope the same as the X-Patch, but it is used to measure Linear and angular acceleration, Head Injury Criteria, location using azimuth and elevation it also measures 100-ms linear- and angular-acceleration curves [11]  [13]


[bookmark: _Toc71450481]RIDDELL
RIDDELL INSITE
[image: ]

[image: Riddell Case Study, Protective Sports Equipment Design | Simbex] 
[bookmark: _Toc71529959]                                      Figure 10 Sensor  pads         [12]                                  Figure 11 pads and helmet combined [13]
RIDDELL is a company based in America which created a device called RIDDELL INSITE which uses a 5-Zone sensor pad which are used to measure head Impact Telemetry with a severity profile and is used to identify the top 1% and accumulation of substantial impacts.  [13]



[bookmark: _Toc71450482]i1 Biometrics 

Shockbox 
[image: ] [image: ] 
[bookmark: _Toc71529960]Figure 12 shock box  [14]                                                                                           Figure 13 shock box labels [15]                                        
                            
The Shockbox uses 4 Unidirectional, orthogonally placed force switches which are used to measure linear acceleration, force estimate, direction, date, time, and hit count all in real time.  [13] 

VECTOR MOUTHGUARD
[image: ]
[bookmark: _Toc71529961]Figure 14 vector mouthguard [18]
The vector mouthguard gives real-time monitoring  of  collisions which could impact to your brain by using a 3-Axis accelerometer and gyroscope. [18]
The mouthguard transmits real-time data which facilitates immediate decisions about a players’ welfare and whether or not they should continue on the field. The Vector uses small embedded sensors that can measure impacts and acceleration to a player’s brain during training and games. The data is transferred instantaneously to a device on the side-line and is stored in a secure internet database. It allows side-line staff to view notifications and alerts about a player’s head with a mobile device or computer from the side-line. The device can also be used to help judge a player’s readiness for playing games or to set up recovery procedures. [18]
Device Features 
“Impact sensing mouthguards to outfit entire team, Side-line assessment application, Real-time wireless base station, Customizable software package, Mobile Notification Device, Mouthguard charging stations and Field kit case.” [18]
Device Benefits
“Quantitative and accurate real-time impact information, Athlete information can be stored and monitored over entire athletic career, Impact alerts wirelessly sent to side-line personnel, Suite of tools supporting athlete assessment in bench vs. play decisions, recovery and safe return-to-play protocols.” [18]
[bookmark: _Toc71450483]Brain Sentry
Impact counter plus
[image: Brain Sentry Impact Counter][image: ]
[bookmark: _Toc71529962]Figure 15 impact counter design    [20]                                  Figure 16 impact counter in use [20]                                  

Brain Sentry has taken substantial time and effort to create designing a device which accurately measures impact forces. It is affordable, and safe. There is no maintenance required as the batteries do not need recharging. There is absolutely nothing to do except turn the device on or off and it is designed work all season. [20]                                  

You simply activate the device at the being of the season and peel the covering and attach at the back of the helmet. Thanks to the advanced battery managing system permits the measuring device to constantly be on and not switched on or off. The design of the battery allows it to never require charging or changing . The device is fully enclosed and watertight and at the end of the season it is separated from the helmet and sent to Brain Sentry for recycling. [20]                                  



The Brain Sentry Impact Sensor is considered to be one of the earliest commercially accessible devices to incorporate “a new generation of nano, low power, digital output high-g microelectromechanical (MEMS) 3-axis linear accelerometers.” [20]                                  

The device works by using acceleration to apply pressure on the sensor to displace a mass from its original location, triggering an unevenness in the capacitive half bridge. This unevenness will be measured applying charge integration in reaction to a voltage pulse delivered to the capacitor. This sensor, used with special software, is competent at determining “up to 690g of peak linear acceleration and it is capable of measuring accelerations with output data rates from 0.5 Hz to 1 kHz. The high-g capabilities are necessary to achieve Brain Sentry's usability goal of mounting the sensor on the helmet shell, where peak linear acceleration approaches ten-fold what is experienced at the head CG.” [20]                                  


“A substantial amount of the development effort has been focused on usability, battery life, and packaging (small size). The microprocessor is a16-bit RISC CPU that has been architected with five low-power modes -- optimized to achieve extended battery life. The digitally controlled oscillator (DCO) allows wake-up from low- power modes to active mode in less than 1 μs.” [20]                                  

“Brain Sentry provides its sensors as an annual subscription. First year is $75 and subsequent years being $55. The sensor is guaranteed to last the full year without any battery charging. Installation is a peel-and-stick application for the back of the helmet. The sensor is motion activated - turning itself on and off to conserve power - there is no on/off switch. Brain Sentry Impact Counter has a display that shows the number of head impacts for the day, the week, and the year and the number of alert level hits for the year. There is an alert indicator If an athlete experiences an unusually hard hit to the head a bright red light provides an indication that the player should be assessed for injury.” [20]                                  


[bookmark: _Toc71450484]Reebok
 Checklight
[image: ][image: ]

Reebok CHECKLIGH is intended for people of every ages and ability.  The CHECKLIGHT skullcap can be used in all sports even if they do not require a helmet. It utilizes various sensors to measure motion and to deliver useful data to help evaluate a player before resuming  play.  “An easy-to-read display of red and yellow lights indicate the level of impact.” [22]

The Reebok CHECKLIGHT  is thought to be one of the first impact monitors that puts wearable electronics right on the wearer and on their protective gear. By  Inserting the  flexible electronics into a tightly fitted skullcap enables the device to correctly calculate precise accelerations instantaneously .  [22]

The development of this specific device took more than two year and lots work of in and out of the  lab for example field tests with a large number of participants from amateur to professional sports people.it uses  “the conformal electronics technology platform developed by Cambridge, MA electronics company MC10 to help ensure the product is comfortable and non-distracting to the athlete. During the creation of CHECKLIGHT™, Reebok has worked with head trauma experts in the medical and academic fields and professional athletes, including NFL quarterback Matt Hasselbeck.”  [22]


[bookmark: _Toc71450485]Triax
SIM-P
[image: ]
[bookmark: _Toc71529963]Figure 17 Sim-P and paired phone [23]
The Triax SIM-P is designed to be used as something similar to having  an eye on the back of your head to measure impacts. It can measure serious and minor hits throughout the game. It could be placed in a custom helmet, headband, or cap as it weighs  5.7 grams meaning that it does not impede the wearer. It can be connected to a phone or similar device for the documented impact and increase of velocity to be stored and review. It is also extremely sensitive and can be used in many sports like football and rugby along with many more sports. [23]



SIM-G headband
[image: Hybrid 3 Dummy Head with Sim-G sensor (standard triaxial linear accelerometers and gyroscopes are placed at the head's center of gravity and sim-g as placed on the back). The position of the sensors did not change during the drop testing and a total of 100 impacts were performed for each impact location.]
[bookmark: _Toc71529964]Figure 18 SIM-G on Hybrid III dummy head [19] 
The device is a triaxial accelerometer connected to 3 angular rate sensors. It measures angular rate and Linear acceleration. During its development it was tested test by simulating 20 to 140 g and with 400 impacts at four separate sites with 100 impacts at each site the height was also changed to give a variety of results and confirm that the device works accurately. [25]


[bookmark: _Toc71450486]Integrated Bionics
 HeadsUp
[image: HeadsUp Headband Could Shed New Light On Concussions In Sports] [image: Integrated Bionics develops concussion detection device HeadsUP headband -  Houston Business Journal]
[bookmark: _Toc71529965]Figure 19 The HeadsUp headband       [26]                                                     Figure 20 the HeadsUp being worn. [26]
This is a headband which records any impact to the head this mean that is a headband design to contain several accelerometers which are used  to measure acceleration. It was initially designed to be exclusively used in women’s  football, this device is small, weighs very little and unobtrusive. It is less invasive than other similar devices as it allows user to participate in sport without obstruction. “Though it was designed specifically for girls’ soccer (a sport with a very high number of reported concussions), the founders at Integrated Bionics have also been working with the USA Women's Rugby National Team to potentially collect data from that sport as well.” [26]    
[bookmark: _Toc71450487]Marucci Sports     
BodiTrak Head Health Network (HHN)
[image: football-helmet]
[bookmark: _Toc71529966]Figure 21 the sensors and smart fabric [28]
The HHN helmet come use a compression recording smart fabric that records every impact received instantaneously it also uses an accelerometer and  gyroscope placed inside the helmet to notify coaches once players has an impact. The helmet includes a smart fabric which identifies the site of the hit. [28]
The device works by inserting the smart fabric inside a helmet and after that baseline tests are done ascertain a player’s baseline result. These tests check memory, response time, cognitive performance, as well as other mental skills this helps determine the normal range abilities. Then when a hard impact is recorded,  side-line staff should instantaneously be alerted. Then  the player can be temporarily taken to the side-line and given a medical assessment and the device recordings  are assessed and compared to the results from the baseline test this help decide if it is safe for the player is safe to come back on the field. [28]

[bookmark: _Toc71450488]Linx
Impact Assessment System
[image: ] [image: ]
[bookmark: _Toc71529967][bookmark: _Hlk71407156]Figure 22 sensor [31]                                                                        Figure 23 the information shown in the device. [31]

This system uses a 3-Axis accelerometer and gyroscope that measure impacts and Within several seconds of a collision happening, the data is sent to a chosen device. The stored information is placed in the cloud, so it is accessible by various platforms and users whether it be iOS, Android, or Google Chrome this makes giving out the stored information to a doctor or coach easier. [31]
The app has a “player dashboard  where you can  all vital data within milliseconds of transmission, history view where you can scan records, view charts, or look up a past impact to share with a coach, doctor, or athletic trainer, team view for teams and families, you can watch impact updates on over 128 players simultaneously, post impact side-line test where the app is used to administer a cognitive and concussion symptoms test for evidence of a concussion and privacy controls where you can share the  impact data only with the people you want, and revoke coach access after the season”
The “device weighs around the same wight as a nickel making it easy to forget that it is being worn. It has a sleek, compact design for top performance and fits in any choice of headband or skullcap. There are no complicated helmet mountings that voids warranties it uses Bluetooth which can  connect to devices on side-lines or in bleachers and the battery can lasts for a week of typical usage on a single charge.” [31]                                                                        


[image: ]
[bookmark: _Toc71529968]Figure 24 Colour code feedback [31]
The feedback is simple as it gives an Impact Assessment System Score of 1-99 and the light changes colour from green to yellow and red depending on the score. [31]                                                                        	
[bookmark: _Toc71450489]Force impact technology 		
FITGuard, FITApp, FITCloud
[image: ]
[bookmark: _Toc71529969]Figure 25 FIT devices [31]
 The FITGuard is used to measures linear and rotational forces suffered from an impact. It uses an algorithm shall establish whether or not these forces have violated a user set threshold. The FITApp connects to FITGuard and all allow the user to customize the threshold,  settings and notifications. The FITGuard data is wirelessly forwarded to the FITApp, where they could be reviewed and can be used to inform decisions. The FITCloud synchronises with the FITApp which allow a user to securely store and gain access to their information from any mobile device. The data saved to the FITCloud can be distributed to doctors and coaches.  [31]
[bookmark: _Toc71450490]Archetype			
PlayerMD PM
[image: Headgear and Sensor]
[bookmark: _Toc71529970]Figure 26 PlayerMD sensor pack [32]
The PlayerMD, scans for impacts. it is used  to allow people to operate at their best throughout the sport season. The PlayerMD is a pack of small sensors which are implanted  into a person’s headgear so it can gauge personal skill and get biological data. The packs can be used up to four hundred hours on one battery which means there is no need to keep recharging battery. PlayerMD can be used to measure a heart rate, calories burned, how much oxygen is in the blood, body head, running speed, running acceleration and deceleration for the duration of play. Side-line staff can be given Performance notification via SMS or email when the chosen threshold has been passed the persons vitals reach dangerous levels. [32]








[bookmark: _Toc71450491]DEVELOPMENT METHODOLOGY
Development Methodology (for Development-based Projects)
[bookmark: _Toc71450492]Requirements
a. I want my device to....
I want my device to take impact force readings and for the readings to be reviewed and stored in a location of my choosing and for these reading to be viewable on a PC which is also capable of transferring and deleting the stored information. 
2. Device Sub-sections
The device needs the below components to for a physical device work however a simulation may not.
1. Accelerometer & Sensors – to collect
2. PIC for Storage / data transmission and device control 
3. Button/switch – to turn device on and off. 
4. Battery Holder
5. Power supply – battery 
6. Voltage regulator – control power supply 
7. USB connection - Device to PC connection 
8. LED – to show device is working.
[bookmark: _Toc71450493]Component Selection
[bookmark: _Toc71450494]PIC
	PIC18F26K80
	PIC18F25K50-I/SP
	RX23E-A
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	Program Memory Type
Flash
Program Memory Size (KB)
64
CPU Speed (MIPS/DMIPS)
16
SRAM (B)
3,648
Data EEPROM/HEF (bytes)
1024
Digital Communication Peripherals
2-UART, 1-SPI, 1-I2C1-MSSP(SPI/I2C)
Capture/Compare/PWM Peripherals
4 CCP, 1 ECCP, 
Timers
2 x 8-bit, 3 x 16-bit
ADC Input
8 ch, 12-bit
Number of Comparators
2
Number of CAN Modules
1 CAN
Temperature Range (°C)
-40 to 125
Operating Voltage Range (V)
1.8 to 5.5
Pin Count
28
Low Power
Yes

	Family Name	PIC18F
Package Type	SPDIP
Mounting Type	Through Hole
Pin Count	28
Device Core	PIC
Data Bus Width	8bit
Program Memory Size	32 kB
Maximum Frequency	48MHz
RAM Size	2.048 kB
USB Channels	1
Number of PWM Units	2
ADC Channels	14
Number of SPI Channels	1
Typical Operating Supply Voltage	2.3 → 5.5 V
Number of PCI Channels	0
ADC Resolution	10bit
Minimum Operating Temperature	-40 °C
PWM Resolution	10bit
Instruction Set Architecture	Harvard
Number of CAN Channels	0
Number of ADC Units	1
Maximum Operating Temperature	+85 °C
Length	35.56mm
ADCs	1(14 x 10 bit)
Number of I2C Channels	1
Number of Timers	2
Number of Ethernet Channels	0
Number of UART Channels	0
Program Memory Type	Flash
Width	0.295in
PWM Channels	1 (CCP), 1 (ECCP)
Number of LIN Channels	0
Height	3.81mm
Timer Resolution	8 bit, 16bit
Pulse Width Modulation	1 (1 x 10 bit) (CCP), 1 (1 x 10 bit) (ECCP)
Dimensions	1.4 x 0.295 x 0.15in
Maximum Number of Ethernet Channels	0
Number of USART Channels	1
Timers	1(2 x 16 bit), 1(2 x 8 bit)
	Family Name	RX
Package Type	HWQFN
Mounting Type	Surface Mount
Pin Count	40
Device Core	RX
Data Bus Width	32bit
Program Memory Size	128 kB
Maximum Frequency	32MHz
Program Memory Type	Flash
2 low-noise and low-drift 24-bit delta-sigma A/D converters.
32-bit RXv2 CPU core
Low power design and architecture
On-chip flash memory for code
Up to 12 extended-function timer
Up to eight communication functions

	£2.32
	£2.80
	£3,675.00

	[16]
	[17]
	[18]


[bookmark: _Toc70872877]Table 1 PIC
The  PIC18F26K80 highlighted in green was chosen as it is relatively cheap and has the correct number of pins a pin for SPI for my sensors .It also requires a low voltage to run and there is the required amount of internal storage for up to one hundred- and twenty-minutes’ worth or readings.   


[bookmark: _Toc71450495]Accelerometer 
	ADXL362 - Triple Axis Accelerometer Breakout
	ADXL203EB 2- Axis Accelerometer Breakout Board
	MM7150
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	3-Axis: ±2, ±4, ±8
Ultralow Power
SPI Digital Interface
High Resolution: 1 mg/LSB
Low Noise Down to 175 μg/√Hz
Wide Voltage Range: 1.6 V to 3.5 V
Adjustable Threshold for Motion Activation
Measurement Ranges Selectable via SPI Command

	Sensor Technology Accelerometer Sensor
Featured Device
ADXL203
Kit Classification
Breakout Board
Kit Name
Precision MEMS 2-Axis
	Sensor Type
Accelerometer, Gyroscope, Magnetometer
Number of Axis	9
Mounting Type	Surface Mount
Interface Type	I2C
Maximum Frequency Response	400kHz
Maximum Operating Supply Voltage	3.6 V
Minimum Operating Supply Voltage	2.3 V
Package Type	Module
Pin Count	16
Maximum Operating Temperature	+70 °C
Minimum Operating Temperature	-40 °C

	£11.40
	£40.96
	£25.18

	[19]
	[20]
	[21]


[bookmark: _Toc70872878]Table 2 Accelerometer
The ADXL362 highlighted in green was chosen as it is cheap and has a SPI interface, measures 3 Axis and require a low voltage to work there are also there features like motion activation which could be used in the future. 


[bookmark: _Toc71450496]Battery 
	CR2016
	CR2032
	LR44
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	Chemistry Lithium Manganese Dioxide
Nominal Voltage	3V
Capacity	90mAh
Terminal Type	Standard
Diameter	20mm
Dimensions	20 x 1.6mm
	Chemistry	Lithium Manganese Dioxide
Nominal Voltage	3V
Capacity	220mAh
Terminal Type	Standard
Diameter	20mm
Dimensions	20 x 3.2mm
	Chemistry	Alkaline
Nominal Voltage	1.5V
Capacity	158mAh
Terminal Type	Standard
Diameter	11.6mm
Dimensions	11.53 x 5.43mm

	£1.22
	£1.93
	£3.10

	[22]
	[23]
	[24]


[bookmark: _Toc70872879]Table 3 Battery
The CR2016 battery highlighted in green was chosen is the as is cheap to buy but there is also the required voltage to power the device and the battery is thin and small which allows my device to be compact. 



[bookmark: _Toc71450497]Battery holder
	Keystone CR2016 Battery Holder
	BLP2016SM-GTR
	Vertical Holder for Lithium Coin Cells of 20mm diameter
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	For Battery Size	CR2016, CR2025, CR2032
Number of Cells	 2
Mount	PCB
Type	Battery Holder
Maximum Cell Diameter	20.5mm
Dimensions	31 x 20mm
Terminal Contact Type	Top Spring Arm
	Battery Cell Size Coin, 20.0mm 
Number of Cells 	1 
Battery Series 	2016 	
Mounting Type 
PCB, Surface Mount 
Termination Style 	
SMD (SMT) Tab 	
Height Above Board 	0.122" (3.10mm) 	
Operating Temperature 	-40°C ~ 280°C
	Battery Series CR2016, CR2025, CR3032 CR2012, CR2020

	£2.39
	£0.94
	£1.80

	[25]
	[26]
	[27]


[bookmark: _Toc70872880]Table 4 Battery holder
The Keystone Battery Holder highlighted in green was chosen because it is cheap to purchase and can hold up to 2-coin cell batteries. It was also chosen as batteries that it can are not limited to just one type of battery. The batteries are also held in place with a spring arm. 



[bookmark: _Toc71450498]Button
	[bookmark: _Hlk64970751]Black Button Tactile Switch
	Push Button Switch
	Latching Push Button
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	Contact Configuration - Single Pole Single Throw (SPST)
Terminal Type -	Through Hole
Switch Operation - Momentary
Actuator Length - 1.4mm
Actuator Colour - Black
Actuator Type -	Button
Dimensions - 6 x 6 x 5mm
Contact Current Rating - 50 mA @ 24 V dc
Operating Force - 1.569 N
Height - 5mm
Minimum Operating Temperature = -35°C
Operating Temperature Range	-35 → +85°C
Mechanical Life	- 100000 Operations
Contact Material - Silver Over Nickel Plated Copper Alloy (Stationary); Silver Plated Copper Alloy (Movable)
Maximum Operating Temperature = +85°C
	Switch Operation
Momentary
Mounting Type	Panel Mount
Illuminated	No
Contact Configuration	Single Pole Single Throw (SPST)
Panel Cut Out Size	8 (Dia.)mm
Panel Cut Out Diameter	8mm
Actuator Colour	Black
Voltage Rating	120/250V ac
Contact Current Rating	100 mA @ 30 V dc
Actuator Shape	Cylinder
Terminal Type	Solder
Case Colour	Black
Contact DC Voltage Rating	30V
Actuator Type	Cap
	Switch Operation
Latching
Mounting Type	PCB
Illuminated	No
Contact Configuration	3P CO
Panel Cut Out Size	12.2 (Dia.)mm
Panel Cut Out Diameter	12.2mm
Contact Current Rating	2 A, 4 A
Actuator Shape	Cylinder
Terminal Type	Pc Pin
Contact DC Voltage Rating	12 V, 24 V
Actuator Type	Plunger Cap
Contact AC Voltage Rating	250 / 125V

	£0.08
	£4.19
	£9.50

	[28]
	[29]
	[30]


[bookmark: _Toc70872881]Table 5 Button
The Black Button Tactile Switch highlighted in green was chosen from Rs components it was chosen as it is small,  cheap and can be used up to 100000 times in a variety of temperatures from -35 to +85°C.


[bookmark: _Toc71450499]Voltage regulator 
	LE33CZ-AP
	LM317T Linear Voltage Regulator
	MC34063AP1G
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	Output Type:
    Fixed 
Input Voltage Max:
    18V 
Fixed Output Voltage Nom.:
    3.3V 
Output Current:
    150mA 
Dropout Voltage Vdo:
    200mV 
LDO Regulator Case Style:
    TO-92 
No. of Pins:
    3Pins 
Operating Temperature Min:
    -40°C 
Operating Temperature Max:
    125°C 
Product Range:
    3.3V 150mA LDO Voltage Regulators 
Automotive Qualification Standard:
    -
	Maximum Output Current	1.5A
Regulator Type	Linear Voltage
Number of Outputs	1
Line Regulation	0.04 %/V
Load Regulation	0.5 %, 0.5 %Vo, 25 mV%/Vo
Polarity	Positive
Mounting Type	Through Hole
Package Type	TO-220
Reference Voltage	1.25V
Pin Count	3
Output Type	Adjustable
Dimensions	10.4 x 4.6 x 9.15mm
Height	9.15mm
Length	10.4mm
Minimum Operating Temperature	0 °C
Maximum Operating Temperature	+125 °C
Maximum Input Voltage	40 V
Minimum Input Voltage	3 V
Width	4.6mm
	Regulator Type	Buck Boost Switching
Maximum Output Current	1.5A
Number of Outputs	1
Mounting Type	Through Hole
Package Type	PDIP
Pin Count	8
Dimensions	10.16 x 6.6 x 3.44mm
Height	3.44mm
Minimum Input Voltage	3 V
Minimum Operating Temperature	0 °C
Minimum Output Voltage	1.25 V
Maximum Output Voltage	40 V
Width	6.6mm
Length	10.16mm
Maximum Input Voltage	40 V
Maximum Operating Temperature	+70 °C

	£0.80
	
	£0.64

	[31]
	
	


[bookmark: _Toc70872882]Table 6 Voltage regulator
The Voltage regulator highlighted in green was chosen as it is cheap, small and can handle the amount of voltage that will be going through it.


[bookmark: _Toc71450500]LED
	Kingbright L-53ID-5V
	ROHM SLR343ECT3F
	Nichia NSPA310S-LT
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	LED Colours	Red
Package Type	5mm (T-1 3/4)
Mounting Type	Through Hole
Number of LEDs	1
Forward Voltage	5 V
Luminous Intensity	30 mcd
Number of Pins	2
Viewing Angle	60 °
Lens Shape	Round
Dominant Wavelength	625 nm
Dimensions	5mm
Lens Colour	Red
	LED Colours	Blue, Green
Package Type	3mm (T-1)
Mounting Type	Through Hole
Number of LEDs	1
Forward Voltage	3.3 V
Luminous Intensity	2200 mcd
Radiant Flux	120mW
Number of Pins	2
Viewing Angle	40 °
Lens Shape	Dome
Dominant Wavelength	527 nm
Dimensions	3.8 Dia.x 5.4mm
Lens Finish	Transparent Coloured
Forward Current	20mA
	LED Colours	Amber
Package Type	3mm (T-1)
Mounting Type	Through Hole
Number of LEDs	1
Forward Voltage	3.1 V
Luminous Intensity	5.9 → 8.4 cd
Number of Pins	2
Viewing Angle	20 °
Lens Shape	Dome
Dimensions	29.2 x 3.8mm
Lens Colour	Clear

	£0.41
	£1.45
	£0.81

	
	
	


[bookmark: _Toc70872883]Table 7 LED
The LED highlighted in green was chosen because it requires very little power to work and is small enough not to affect the wearer. 


[bookmark: _Toc71450501]The Chosen Hardware and Software and Why
the chosen simulation software proteus 8 professional it will be used to create the schematic and to simulate the working device. Also being used is a C compiler with the embedded  C language  in conjunction with proteus to help design and build the code for my device.
The advantages to using proteus is that it helps give a realistic view into how the device would work without having to buy all the components. 
The disadvantages of using proteus is that you are limited to components that they have access too or that you required to have a username and password to access components which are not part of the current package you have. Another disadvantage is that when programming your components, they do not always react as expected or the code does not act as intended. To work around these issues the components which are chosen because they can imitate specific components. The way certain issued with the code would be fixed was change part of the code in the so that is prove that code would work and example of this is when there was an error writing to the program memory so to prove the code worked it was changed from program memory to EEprom memory.   
The software chosen is Proteus simulation software with C compiler. This is appropriate for  my project as it can do an almost exact replica of the chosen components and how they would work in real life situations.
Due to Covid – 19 the project is going to be purely software based so hardware is required. However, I would need a PCB board or something similar to hold the chosen components this is needed to connect the components together and also so that they can get power. A soldering iron and solder will be required so that the components can be secured to the PCB board there is also a need for an extract fan to remove the fumes from the soldering. 
Due to Covid 19 the materials and tools that will  be used are Proteus 8 simulation software with C compiler and the Embedded C language. Embedded C is being used as it is the language with is required for the PIC microcontroller. There will be no physical components or tools required at this stage due to COVID 19. 
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[bookmark: _Toc71450502]DESIGN & IMPLEMENTATION
[bookmark: _Toc71450503]Hardware
Design – Circuit diagram (proteus). Explain how each bit works.
[image: ]
[bookmark: _Toc71529971]Figure 27 full Design Schematic
The above diagram is an impact force detector it contains an Accelerometer with a X,Y,Z axis, PIC, Display, Voltage regulator , two 3-volt batteries, LED there are other required components but due to the software they are not required.




The  device works in the proteus simulation by having the A/D Convertor MCP3004 (U1) connect to a potentiometer or sine wave. There is one of each for every channel being used. There is a different label for each potentiometer (RV) and sine wave (SW). Channel 0 is RV1 and SW1, channel 1 is RV2 and SW2, channel 2 is RV2 and SW3 these are what will be giving the reading to the convertor the reason three channels are being used is to simulate the X,Y,Z Axis. Once the convertor has been given the readings from the potentiometer or sine, they are then sent to the PIC18F26K80 (U2) via the SPI interface where the readings are reviewed, sorted to see whether they are above the chosen threshold and are then stored or deleted depending on the parameter set. Once the data is saved the data is then displayed on the PC in the format of Ch0 ,Ch1, Ch2 and value these show the individual values for each of the of the convertor channels and the total value of the channels added together there is also the memory location where the total values are stored in the PIC18F26K80 (U2). You can also clear the stored data by clicking Button (BTN1) this will clear the memory. There is also a LED which flashes depending on the size of the readings this is used to check that the device is working correctly. 


[bookmark: _Toc71450504]The A/D Convertor and Sensors 
[image: ]
[bookmark: _Toc71529972]Figure 28 Accelerometer and Sensors
As previously mentioned, the above image shows the setup for Potentiometers and Sine Waves to the Convertor the sine waves labelled SW send out a random pulse whereas the potentiometers labelled RV send out a pulse depending on where the arrow is. for the simulation the user can choose where the reading come from either from the potentiometers or sine wave this is down to a switch which connects the sensors to the channel, they are going in. you may also notice that there are no wires connected to pins 11,10,9,8 this is because they are connect to the pic and the schematic would look untidy if there where lines going all over the place also pins 13 and 14 are connected to VCC which is the power source . 

[bookmark: _Toc71450505]PIC, Display, LED and Reset button 
[image: ]
[bookmark: _Toc71529973]Figure 29 PIC, Display, LED and Reset button
As previously mentioned, this part of schematic is where most of device’s processes happen the PIC receives the reading from the A/D convertor via the SPI interface once the PIC has the reading is sorts them this is done by adding the reading from each convertor channel and then getting a final value to see whether they are above or below the chosen threshold. Once they have been sorted the total value readings above the threshold are saved to the pic for the purpose of the simulation the EEprom was chosen as the location where the readings will be saved. Then the values from each of the channels along with the total values and memory locations will be display as shown in figure 14 
[bookmark: _Toc71450506]Display with readings and memory locations 
[image: ]
[bookmark: _Toc71529974]Figure 30 Displayed EEprom memory location and values for figure 15
Once the device simulation is activated the display activates and displays the information from the three sensor and their total value. There is also the memory location and what is displayed if you check the EEprom memory.  


[bookmark: _Toc71450507]Saved data locations. 
[image: ]
[bookmark: _Toc71529975]Figure 31 EEprom Memory locations with filled with data.
If display is to be verified, then the simulation should be paused and the EEprom memory selected and what is displayed for on the data stored line should match what is in the memory for example the memory location 000C has 07C7 which matches the display shown in figure 18.


[bookmark: _Toc71450508]Resetting and clearing memory
[image: ]
[bookmark: _Toc71529976]Figure 32 memory location clearing
Once the reset button has been pressed it can only be verified by pausing the simulation and check the memory location each has an FF in them as the display could malfunction and the display could show incorrect information 
[bookmark: _Toc71450509]Locations after resetting 
[image: ]
[bookmark: _Toc71529977]Figure 33 EEprom memory after device restart
Once the device has been restarted it can only be verified by pausing the simulation and check the memory location each has an FF in them as the display could malfunction and display the incorrect information 

[image: ]
[bookmark: _Toc71529978]Figure 34 Displayed EEprom memory location and values for figure 19 after device restarted 

[bookmark: _Toc71450510]Software
[bookmark: _Toc71450511]Software flowchart for device  
[image: Diagram
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[bookmark: _Toc71529979]Figure 35 software flow chart

The above figure 25 show how the code should be set up. However, the actual code does not have all of these elements. This is because there is only a device simulation and not a physical device. This mean that certain elements where not required for the device to work an example of this is there no need for PC connection in the simulation so there is no code. 
[bookmark: _Toc71450512]Pseudocode 
[bookmark: _Toc71450513]Flowchart code steps
1. Press power button (ON)
2. activate the ports and peripherals (SPI, RS232)
3. Connected to PC (Yes/No)
4A.Yes Allow Data transfer, reading and clearing.
4b.No Start Sampling
        5.Read from Accel X,Y,Z
       6.  delay to control sample rate 
       7. Is sample greater than threshold (Yes/No)
       8A. No Keep Sampling
       8B. Yes, save sample. 
       9.Write Sample to Chosen memory (Program or EEprom)
       10. repeat steps  5 to 9
       11. Press power button (OFF)   
[bookmark: _Toc71450514]Actual code steps
1. User Choose Sine or POT for sampling
2. Activate the ports and peripherals (SPI, RS232)
3. Read accelerometer CH0, CH1, CH2
4. Add CH0, CH1 CH2 for overall value.
5. Flash LED if over threshold
6. 10ms Delay 
7. Store overall too EEprom if over threshold
8. Display CH0, CH1, CH2,Value, Memory location  
9. Press BTN1 to reset and clear memory.  




[bookmark: _Toc71450515]Actual Code 
	#include <main.h>

#use spi (MASTER, SPI1, ENABLE=PIN_A5,MODE=0, BITS=8, STREAM=SPI_1)

#define threshold  1974.3 //mi/h.s (mile per hour second)
#define max 1016



void read_accellerometers(void);
void update_pointer(void);
void store_data(void);
void reset_memory(void);

unsigned long int ch0,ch1,ch2,value;
unsigned long int blank;
unsigned long int mem_pointer;
unsigned int val;
unsigned long long int counter;

void main()
{
	unsigned long int wr;
			// read the pointer
//			write_eeprom(0x00,0x00);			
//			write_eeprom(0x01,0x04);

			mem_pointer=read_eeprom(0x00);
			mem_pointer*=256;
			mem_pointer+=read_eeprom(0x01);
	
			
		printf("Starting scanning  memory location= 0X%LX\n\r",mem_pointer); 

	while(TRUE)
	{

		if(input(PIN_C7)) reset_memory();
					

			read_accellerometers();
			value=ch0+ch1+ch2;										// sum all values
			if(value > threshold)
						{

		              store_data();	// store the data to eeprom														
			update_pointer();	// update the eeprom pointer												
printf("data stored = 0x%LX  @ 0x%LX\n\r",value, mem_pointer-2);

printf("Ch0 - %4Lu       Ch1 - %Lu      Ch2= %4Lu  Value=%4Lu \n\r\n\r",ch0,ch1,ch2,value);

			output_high(PIN_E3);				// turn on LED
						}
			else
						{
			output_low(PIN_E3);				// turn off LED
						}

		delay_ms(10);
	}

}
void reset_memory(void)
	{
		long int q;
		printf("\n\r\n\Resetting memory\n\r\n\r\n\r");
		for(q=0;q<1023;q++)
			{
				write_eeprom(q,0xff);
			}
			mem_pointer=2;
			update_pointer();
	}

void update_pointer(void)
	{
	if(mem_pointer<= max) mem_pointer+=2;  // as long as mem_pointer<=max add 2
			blank = mem_pointer & 0xff00;		// store high byte
			blank/=256;
			val = blank;
			write_eeprom(0x00,val);
			blank = mem_pointer& 0x00ff;		// store low byte
			val = blank;
			write_eeprom(0x01,val);	
	}

void store_data(void)
	{
			blank = value & 0xff00;		// store high byte
			blank/=256;
			val = blank;
			write_eeprom(mem_pointer,val);
			blank = value & 0x00ff;		// store low byte
			val = blank;
			write_eeprom(mem_pointer+1,val);	
	}



void read_accellerometers(void)
	{
			unsigned int data_in1,data_in2;
			unsigned long value;


		output_low(PIN_A5);
			spi_write(0x01);				// send start byte
		data_in1 = spi_read(0x80);	// start conversion of channel 0
		data_in1=data_in1&0x03;	// mask off all bits except for bits 1 and 2
		data_in2 = spi_read(0);			// read second byte lsb of data.
			ch0 = (data_in1 * 256)+data_in2;
		output_high(PIN_A5);		// must end conversion by setting /ss

		output_low(PIN_A5);
			spi_write(0x01);				// send start byte
		data_in1 = spi_read(0x90);	 // start conversion of channel 1
		data_in1=data_in1&0x03;	// mask off all bits except for bits 1 and 2
		data_in2 = spi_read(0);		// read second byte lsb of data.
			ch1= (data_in1 * 256)+data_in2;
		output_high(PIN_A5);		// must end conversion by setting /ss

		output_low(PIN_A5);
			spi_write(0x01);				// send start byte
		data_in1 = spi_read(0xA0);	// start conversion of channel 2
		data_in1=data_in1&0x03;	// mask off all bits except for bits 1 and 2
		data_in2 = spi_read(0);		// read second byte lsb of data.
			ch2= (data_in1 * 256)+data_in2;
		output_high(PIN_A5);		// must end conversion by setting /ss
	}




[bookmark: _Toc70872884]Table 8 Proteus code

[bookmark: _Toc71450516]Initial testing - proteus simulation. 
Due to Covid – 19 the initial testing needed to be done via the proteus simulation 
[image: ]
[bookmark: _Toc71529980]Figure 36 channel setup for testing
The above figure shows the setup for the channels CH0 is a POT ,CH1 is a Sine wave and CH2 is a POT.


[bookmark: _Toc71450517]Saved data locations. 
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[bookmark: _Toc71529981]Figure 37 display testing 
As you can see in the above figures 28 the display show each channel reading and total value. What is also displayed the memory location and what is stored in that memory location this can be seen in figure 27 an example from  figure 28 is that value 1991 will be stored as 07c7 in location 0010 this can be confirmed by viewing the below figure 27
[image: ]
[bookmark: _Toc71529982]Figure 38 memory testing 
The above figure 27 shows the results for the testing of the simulation when it first activated as well as where each value is stored and what is stored in each memory location. This will match the display figure 28 

 




[bookmark: _Toc71450518]Resetting and clearing memory
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[bookmark: _Toc71529983]Figure 39 display for resetting and clearing
The above shows that when the reset button the words resetting memory are displayed. There are 2 reason when the device would be reset when the device memory is full or when the user decides that they want the memory cleared. However, they can only be clear when pressing the reset button as the does not have an automatic reset. 
[image: ]
[bookmark: _Toc71529984]Figure 40 clearing memory. 
You can confirm that the device is actually resetting and clearing the device memory by viewing the EEprom memory figure 29 show the memory is clear as the location change from what is shown in figure 27 to what is in figure 29 the FF show that the location has been clear of any stored data. 


[bookmark: _Toc71450519]Locations after resetting 

[image: ]
[bookmark: _Toc71529985]Figure 41 display after device restart
As soon as the device is finished resetting it goes straight back to sampling from the sensor this is show by figure 32. 
[image: ] 
[bookmark: _Toc71529986]Figure 42 memory after device restart
It can also be verified by check the memory as shown in figure 31 this show that what is in figure 32 is also in the EEprom memory. 

[bookmark: _Toc71450520]Final testing – Controlled experiment 
Due to Covid-19 Final testing was unachievable as there was no physical device to test so there will only be information on how the tests will be carried out without the results. 
If there was a physical device it would be tested by placing the device on a long flat surface like a table, desk, or a piece wood. Then a variety of substances with different weight like a pillow or a brick will be dropped or thrown on the surface multiple time from a variety of heights, directions, and speeds.
The expected results are that certain object will give higher values than others an example of this is that a brick will give a higher value than a pillow this is down to the weight and the force of the impact.  







[bookmark: _Toc71450521]EVALUATION
Due to Covid – 19 there are no result from the physical device as there is no physical due to the lack of facilities. However, there are result from the simulation that prove that the device and code are working as expected however the code is different from how it was first envisioned due to issues with the components on proteus. 
The result of the simulation show that the device can accurately take reading using the POTS or sine waves connected to Channels 0,1,2 of the to A/D converter and then send these readings to the PIC via the SPI interface. The reading from the three channels are added together to create an overall value and if the overall value is above the chosen threshold, then the value is stored on the PIC. If the user want to clear the memory all they have to do is click button 1 and the memory is cleared, and the device is reset. 
The channel readings and overall are then displayed with their memory location along with any actions which are taken  as shown in figure 40.
 [image: ]
[bookmark: _Toc71529987]Figure 43 simulation display





[bookmark: _Toc71450522]CONCLUSIONS AND RECOMMENDATIONS
[bookmark: _Toc71450523]Conclusions
The conclusion from this project is that even though research into head trauma and their remedies has been going on for thousands of years head injuries in sport and head trauma in general are dangerous and even deadly if not properly treated. There are also many similar device to that of this project, but each is designed with a singular sport in mind for example rugby of American football.
Another conclusion is that the idea of creating an impact device may sound simple the actual design and implementation of the device, but it is not as it requires lots of research and specific expertise such as coding in specific languages like embedded C and electronics design and know how each component will work and how they will be combined to make a specific device. 
  
[bookmark: _Toc71450524]Recommendations
The recommendations are that a physical device should be built and tested there should also be some adjustments to the code to allow the data to be stored into the program memory and additions made to device code which allow the device to check if the device is connected to a computer and if it is what action are allowed to be taken, another addition is for the code to allow the device to measure how long it has been active and then to match with the data.   

[bookmark: _Toc71450525]REFLECTION
On reflection through the process of the overall project there where a number of aspects of the project which were very informative on how head trauma and injuries effect people not only in sport but in everyday life and how dangerous these injuries and conditions are.
However, the changes I would make to the project are to expand the code to allow the measuring of device active and change the code to store the data in the program memory instead of EEprom as there is a higher capacity.  
There where also some issues that were discovered during the process of the project some of these issues required more attention than others. One of these issues how to do the testing of the device as it would be unethical to put use human subject as they would be put in harm’s way, so the testing had to be done in simulations and using in inanimate objects such as a table to hold the device and a pillow or brick to hit the table. Other issues was how to get the device to be small and compact as if the device was too large it would hinder and possibly endanger the wearer, so the components had to be small in size and weigh very little. There was also the issue of what components should be used as each has specific requirement like storage for the pic or number axis for the accelerometer these issues where fixed by using the specifications and researching similar devices      
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