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1.0 - Context Analysis 

This section of the report focuses in on the anatomy of the foot, the walking process for 

humans, and defining what Posterior Tibial Tendon Dysfunction is. The context analysis leads to 

the confluence diagram at the end of the section, summarizing the different factors discussed and 

showing the relationships.  

 

1.1 Ankle/Foot Anatomy: 

The foot is below ankle joints and is divided into three compartments: ankle, metatarsus, 

and toes. The foot is considered one of the most important parts of the body, since it is the only 

part that contacts with the ground, so it provides the whole body with balance and stability. The 

foot is made up of bones, muscles and neurovascular. Overall there are twenty six bones in the 

foot which is one quarter of human’s body bones.  According to figure 1, the foot bones are 

divided into three parts (figure): hindfoot, midfoot, and forefoot. In hindfoot there are three ankle 

joints which connect the the midfoot to ankle along with heel bone and calcaneus. Midfoot is 

composed of five irregularly shaped bones which form the arch and works as a shock absorber. 

There is also the navicular, cuboid and three cuneiform bones in the midfoot [1]. Forefoot has 

nineteen bones in total, which five of the metatarsal bones connect the midfoot to toes.  

 

Figure(1) 

 In foot there are approximately twenty muscles which help the bone to stay in position 
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and impact the movements. The muscles are divided into two main groups the intrinsics and 

extrinsics.The intrinsics muscles originate in the foot itself, but extrinsics muscles originate from 

the front and back of the lower leg and attach into the foot such as the calf muscles[2]. There are 

five main muscles; anterior tibial(upward movement), posterior tibial(support arch), peroneal 

tibial(controls outside ankle movements), extensors(initiate act of stepping forward), and 

flexors(stability of toe against the ground). Tendons are elastic tissues which connects the bones 

to muscles. Achilles tendon is the longest and strongest tendon which is from the calf muscle to 

the heels and it is mostly responsible for running, jumping, and etc. 

 

Figure(2) 

Neuro Vasculars are blood supply of the foot. There are six arteries which plays major 

role in circulation the blood:Popliteal artery, Posterior tibial artery,Anterior tibial artery, 

Peroneal artery, Plantar arteries, and Dorsalis pedis. Posterior tibial artery is one the most 

important neuro vasculars, since this branch of the popliteal artery supplies oxygenated blood to 

the leg and sole of the foot. It runs on the inside of the leg and is accompanied by the posterior 
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tibial vein[3].  

Figure (3) 

Ligaments are soft tissues made up collagen,which connect bone to bone. There is 

minimum blood flow. The lack of blood flow is one of the main reasons for slower healing 

process compare to other tissues. There are five main ligaments; lateral ligament 

complex(outside of ankle),  deltoid ligament(supports side ankle), anterior inferior tibiofibular 

ligament (connects tibia to fibula), posterior fibular ligaments, and  interosseous ligament. 

 

Figure (4) 

PTTD condition is a gradual degradation of posterior tibial tendon. The posterior tibial 

tendon is responsible for the inversion of the foot and the medial longitudinal arch stabilization. 

“Injury to this tendon can elongate the hind- and midfoot ligaments, especially the spring 

(calcaneonavicular) ligament, resulting in a painful flatfoot deformity. In severe cases, the 

deltoid ligament can become elongated, causing medial ankle instability.” [4]  

Normally the PTTD pain is misdiagnosed  with medial ankle sprain. The studies have 
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shown the patient with PTTD have a history of tenosynovitis of the tendon, and it has been 

caused by falling, slipping off, and twisting of the ankle. Women are more prone to PTTD and 

the condition starts to show up in early to mid forties.With progression of posterior tibial 

tendinopathy over months and years pain increases along with lateral tarsal region and later on 

the deformity of foot.  

1.2 Overview of GAIT Cycle 

In order to have a better understanding of the foot anatomy, it is necessary to understand 

the gait cycle. The gait cycle explains what happens to the foot from the moment in has contact 

to the ground until the point the other foot hit the ground. The gait cycle is divided into two 

phases; instance phase and swing phase. The moment the heel hits the ground the, the foot is 

rotated and immediately the foot is pronated. “The pronation of the leg help the foot becomes 

flexible and it helps the accommodation to the ground.”[5] When the body starts to move 

forward the foot return to its neutral position and when heel is lifted it goes into the stance phase.  

Gait cycle is a repetitive human walking process. It contains two main phases: stance, and 

swing phase. Each of these main phases are broken into sub-phases. Stance phase contains four 

sub-phases: Heel strike to foot flat, foot flat through midstance, midstance through heel off, and 

heel off to toe off. Based on the gait cycle phase, the stance period consists of 5 phases: initial 

contact, Loading response , Midstance, and Terminal Stance. Initial contact is the drop of the 

body weight on the heel which generates a pattern called heel strike transient and the lower limb 

touches the ground. This process is 0% - 2% of the gait cycle [6].  
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Figure (5)  

Loading response is 2% - 12% of the gait cycle. In this process the foot touches the ground at a 

fully contact. [7].  

 

Figure (6)  

The mid stance is 12% - 31% of the gait cycle. Mid stance is when the first half of the limb 

begins when the opposite foot lifts. And continues until the weight is over the forefoot.  

 

Figure (7)  

Terminal Stance is 31% - 50% of the gait cycle [8]. Terminal stance begins when the heel rise 

until the opposite foot strikes the ground.  
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Figure (8)  

Swing phase contains 3 sub- phases:  Pre-swing, Initial swing, Mid-swing, and Terminal swing. 

Pre swing is 50% - 62% of the gait cycle [9]. This phase  is when the floor contact by the other 

foot as shown in figure (5). This step is when the limb is being ready for swing [10] 

 

Figure (9) 

Initial swing is known as flight phase. It is 62% - 75% of the gait cycle [11]. As the body is 

propelled into the air and the line of the ground reaction force passes posterior to the knee joint 

[12]. In this stage the stance limb is in external rotation when the pelvis rotates and there will be 

a flexion of both the hip and the knee as shown in figure (6). In Mid swing phase the changes in 

the tibial alignment makes the foot control dangerous for the floor clearance. Mid swing phase is 

75% - 87% of the gait cycle [13] 
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Figure (10) Initial swign   |      Figure (11) Mid swing 

Terminal swing is when the limb is being prepared for stance which is heel strike by declaration 

of hip flexion. This phase is 87% - 100% of the gait cycle [14]. In this phase, the hip bring the 

limb back and this is the final step of the gait cycle then it starts all over again. This phase is also 

known as the second and final flight phase [15].  

 

Figure (12) 

 

The motion of walking in itself requires the ability to maintain an upright posture. Therefore, in 

order to understand the phases of walking, the initial phase of standing alone must be considered. 

The human element must first transition from a non-standing stance onto a standing stance. (e.g. 

getting out of bed, standing up from a chair). The leg Calves muscles engage 
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Figure (13) 

PTTD and Gait: 

The tibialis posterior muscle has vital role during gait; via multiple insertion points into 

tarsal bones it acts as the primary dynamic stabilizers of the rearfoot and medial longitudinal 

arch[16]. As it can be seen in the figure below; tibialis posterior is located relatively on the axes 

of subtalar and ankle joints which provides inversion and plantarflexion of the feet.  
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Figure (14) 

Over years PTTD has been known as the most common cause of adult flatfoot . Thus it is 

important to understand the effect of healthy/dysfunctional TP tendon during the gait. In the 

study, the researchers use EMG with intramuscular electrodes to quantify the activities of TP 

muscles. In the first phase of the experiment they measure the TP activities on small sample of 

participant between age of 18 to 76 years old with PTTD condition, and as the result the average 

TP EMG amplitude during walking is estimated to be approximately 20-25% (standard deviation 

10 - 15%). In the second phase, there are five females participants with mean age of 69 and they 

are being compared to the healthy adult participants. The EMG activity for healthy participants is 

between 27-29, however the participants with  PTTD condition have higher TP EMG activity 

and even in further stages the EMG activity has been reported to be higher. The researchers even 

increase the scope of the project domain and measure the TP activity for PTTD patient after 

using orthoses. The result is pretty shocking, there is not a significant change in TP EMG activity 

during walking and as result the foot orthoses which is one the conservative treatments during 

early stages does not cause a systematic change to EMG activity of TB. 
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figure (15) 

As it can be seen this graph shows the EMG activity of tibialis posterior tendon of healthy person 

and a person with PTTD condition. 

1.3 Pressure over the Gait Cycle 

In the previous section the GAIT cycle was discussed, and it was learned that the walking cycle 

of a human being can be broken down into various sequences. Breaking up the cycle of walking 

into smaller parts can allow an engineer to examine forces interacting with the foot. Two 

equations were utilized for driving PTTD research, shown below.  

 

Force = Mass x Gravity 

Pressure = Force / Area  

 

We can also split the foot into three sections sections for analysis. The heel, midfoot, and 

the forefoot. The diagram below shows the area of each section. 
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Figure(16) 

 

The reason for choosing to analyze force is that it is one of the most basic elements 

interacting with the foot. The pressure formula allowed for analysis of force acting upon 

different portions of the foot. The diagram below shows in sequence, the pressure distribution 

over time during a single step. The bars indicate pressure at certain portions of the foot. 

 

 

Figure(17) 

During a single step, the first action that occurs is the heel strikes the ground. This is indicated by 

number one in the diagram above. The second action that occurs is the foot is completely 
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grounded and flat, this is occurs in number two above. The foot then starts to lift the heel off the 

ground in number three, and finally the toe lifts off the ground in number four. What happens 

after is the user would enter the swing phase in the gait cycle and the process will repeat on the 

alternate foot.  

 

There are a couple observations when reading the diagram when splitting the foot into three 

portions as mentioned before. During the entire sequence, the midfoot experienced the least 

amount of total pressure. The heel experienced the greatest amount of overall pressure at 30ms. 

Also, the forefoot experienced the greatest amount of overall pressure during the entire step 

sequence. These observations are key in attempting to describe the explanations behind for 

PTTD symptoms. The observations mentioned can actually be simulated via matlab using line of 

best fit. Each of these graphs are representative of the diagram. The following graphs show a 

pressure distribution on a foot for a person running at 3.3mph weighing 150 lbs.  

 

Heel Pressure over Time 

 

Figure(18) 
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Midfoot Pressure over Time 

 

Figure(19) 

Heel, Midfoot, and Forefoot Pressure over time 

 

Figure(20) 
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In summary, the three key takeaways regarding pressure over the GAIT cycle are:  

 

1. The heel absorbs the highest amount of pressure in a smallest area 

2. The midfoot absorbs the least amount of pressure between all the sections 

3. The forefoot absorbs the greatest amount of overall pressure with greatest area 

 

1.4 PTTD Stages: 

1.4.1. Stage I 

The stages are measured by the level of deformity. In stage I the ankle has inflammation 

complications at the point where the muscle connects to the bone, but there is no change in 

tendon length. In this stage the patient experiences ankle pain, swelling, and mild weakness, yet 

the single leg heel raise may still  be performed with no signs of foot deformity. The symptoms 

described above cannot be seen during gait but it may be present during running [17].  

1.4.2. Stage II 

In stage II deformity begins to occur, where either elongation or tears of the tendon can 

be detected. Basically when the tendon becomes inflamed, the arch collapses and this 

causes pain in the foot.  In addition there is subtle of flatfoot deformation, but foot remains 

flexible and can form an arch. The patient will experience more severe pain and swelling 

compare to stage II. In addition, the patient is unable to perform single heel raise. There is a 

correlation between stage II PTTD and gait cycle. As a detailed description of gait cycle is 

mentioned in section 1.2. Gait cycle’s idea is about the walking process, and stage II is about 

having a normal walk for PTTD patients with less pain or even without pain. Patients with PTTD 

put a lot of force and pressure on their foot. Therefore, they end up having pain in the foot. 

Especially in the ankle and midfoot, and  that is due to the rearfoot eversion and forefoot 
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abduction [18] 

1.4.3. Stage III:  

Stage III symptoms has all stage II symptoms such as pain, swelling of tendon, subtalar 

joint being flexible, midfoot abduction, unable to perform heel raise, and pes planus. In addition 

to these symptoms patients will have fixed nonreducible deformity with marked calcaneal valgus 

and arthritis[1]. The illustrations below identify the calcaneal valgus [Figure 12] 

 

Figure (21) 

 In stage III the deformity becomes rigid and human body will not be able to perform the single 

heel rise test. Single heel rise test is integrity of PTTD below (right side image) is an example of 

the test reaction of a normal person that does not have PTTD. 

 

Figure (22) 

The single rise test for patient with PTTD’s reaction to this  test will be different than the picture 

above because the patient will fail the test and above (left side image) of a person while taking 

the test. 
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1.5 PTTD Evaluation Methods  

As it can be seen in table below there are many ways to detect PTTD in patients. The 

table explains the methods, how it is done, the normal response, and the PTTD response. The 

detection methods starts with the most basic one such as visual inspection and if there is any 

symptoms such as pain and swelling present then there is a chance the patients has PTTD. Single 

heel rise is one the most common evaluation method among the doctors. Basically the examiner 

will ask the patient to face away from him and next stand on the affected leg. Next the examiner 

will ask the patient to plantar flex the ankle and rise up on the toes. If there is an absence 

inversion in the foot, then the patient has PTTD.  

Another method is gait analysis, which basically is walking analysis. There are more 

ways such as plain radiograph, ultrasound, magnetic resonance imaging which give more 

detailed information about the deformity level, but since it is expensive it is not recommended to 

the patients. In the table below there are more detailed information. 

  

 

Evaluation  How Normal Response  PTTD Response 

Single Heel Rise  1)The patient facing away 
from the examiner 
2)Stand on the affected leg 
3)Plantar Flex the Ankle  
4)Rise up onto the Toes 
(Integrity of Posterior 
Tibial Tendon ) 
 

1)plantar flexes the foot at the ankle 
there is inversion of the foot 
2) when up in a single leg rise stance, 
the skin crease line is now reflects 
ankle inversion 

1) Absence of foot inversion during 
plantar flexion denotes posterior tibial 
tendon rupture 
2)pain to palpation and swelling 
posterior to the medial malleolus and 
weakness of foot inversion 

Gait Analysis Walking analysis  Balanced walk Unbalanced walk  
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Plain Radiograph Degree of deformity  1)Calcaneal inclination axis and the 
supporting surface, considered normal 
if around 20°) 
2)talometatarsal angle (Normally 
between 0° and 10°) 
3)distance of the medial 
cuneiform from the floor (normally 
between 15 and 25 mm). 

1)collapse of the longitudinal arch on 
a lateral weight-bearing radiograph 
2)calcaneal inclination angle 
3)talometatarsal angle 

Ultrasound Deformity Type 1)posterior diameter of the tendon 
ranges from 4 to 6 mm 
2)hyperechoic appearance. 

Thickening of the peritendinous soft 
tissues or thinning, splitting, or 
rupture of the tendon. 

Magnetic Resonance 
Imaging 

Detection of bony edema, 
bony changes, and 
malalignment 

Normal intrasubstance signal and 
longitudinal split 

Hypertrophy, rounding, increased 
intrasubstance signal,and longitudinal 
splits. 

Visual Inspection Symptoms No pain and swelling Ankle pain and swelling  

Table (1) 

1.6 PTTD Treatments 

1.6.1. Stage 1 treatment and alternative solutions 

The treatment of PTTD is based on severity and deformity level. Since in the first stage 

there is no deformity of the tendon and the patient experiences pain and swelling in the ankle. 

Normally the patient should minimize most of extreme activities, which can put extra pressure 

on tendon. Also the patient should switch to low-impact exercises.If the patient is exercising any 

pain or swelling they can put ice pack on top of painful area couple of times per day. 

Nonsteroidal anti-inflammatory drugs are prescribed to patient if he/she is experiencing extreme 

pain [19] 

1.6.2. Stage II: 

In stage II, deformity of tendon can be seen and compare to the first stage the patient 

experiences more pain and swelling. Since in stage II there are still some flexible components in 

tendon, so orthotics and braces can form the flexible components and prevent the tendon from 
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further degradation, also it can provide the arch support. Also the model of braces can vary 

depends on the rigidity of tendons.The braces reduce the forces on ankle and keep the tendon in 

neutral position so it would not progress to further deformity and stage III [20] 

1.6.3. Stage III:  

Surgical options are necessary in stage III. However, brace may help in stage III. Besides 

a brace, factoring will play an important role in this stage. For instance, factoring the weight of 

patient, activity level, general health, and rehabilitation [21]. For instance, a patient with PTTD 

with low active level of stage II, will have a quick reaction to the treatment. However, a patient 

with high active stage II will have slow reaction to the treatment, which will not be successful. 

The table below is the summary of all the information about the causes, symptoms, 

impact, evaluation, and treatments. 

 

 

Stages  Cause Symptoms  Impact  Evaluation Treatments  

Normal  N/A N/A N/A N/A N/A 

Stage I:  
 
 
No Dysfunction 

Swelling of 
Tendon 

Pain  
Swelling  
Mild weakness 

No change in 
tendon length  
No foot deformity  

Can Perform 
single heel rise 

Minimize most of extreme 
activities  
Ice pack  
Nonsteroidal 
anti-inflammatory drugs  

Stage  II:  
 
Dysfunction 
Appears 

tendon 
elongation or 
tear 

Pain  
Swelling  
Arch begins to flatten 

Elongation  
Arch collapses  

Cannot perform 
single heel rise 

Ankle braces  
Orthofeet shoes  
Walking boot  

Stage III:  
 
Severe 
Dysfunction 

Severe 
Tendon 
deformity 

Pain  
Swelling  
Midfoot abduction  

Midfoot Arithis  
Deformity 
becomes rigid 

Cannot perform 
single heel rise 

Surgery  

Table (2) 
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1.7 PTTD Risk Factors: 

Anyone can end up getting PTTD. However, there are some people at a higher risk of 

getting the disorder. People at higher risk are: patients with diabetes, patients with hypertension, 

patients with flat feet, obesity, late adulthood, and female above age 40 can be at a high risk for 

PTTD. Below is a chart that our group collected based on researches that the our group applied 

and came up with the percentages and all of these percentages are based on the U.S. population 

that gathers the statistics of the diseases that are mentioned above including late adulthood. 

According to American Diabetes Association, 9 % of the U.S. population had diabetes in 2015 

[21]. OMICS International stated that, 25 % of the U.S. population have flat feet [19]. Based on 

Center of Disease Control and Prevention's stated that, 29 % of the U.S. population had high 

blood pressure in 2016 [23]. Based on CDC also, 36 % had obesity between 2011-2014[24]. Based 

on 2016 statistics the U.S. population was 325,000,000,000 [25] as well as female above age 40 

are 7500,000,000 [27]. Dividing the female percentage by the total U.S. population, female above 

age 40 turn to be at 23 % of the U.S. population. These percentages are high, but PTTD 

progression can be low and this can be done by preventing PTTD progressions for the people 

that are mentioned above. 
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Figure (23) 

1.8 Explanations of PTTD Symptoms 

Discussed in previous were the stages and symptoms with every stage of PTTD, as well as 

diagnostics and treatments. A recurring theme that is observed is that the majority of the 

symptoms patients endure revolve around two areas: pain in the ankle as well as pain in the 

midfoot. These symptoms can be explained based on the analysis done with pressure over the 

gait cycle discussed earlier.  

 

The related equations that can assist in explaining the symptoms are force and pressure. For more 

clarity, figure [24] show some of the physical effects of the symptoms. The picture shown is of a 

right foot for a patient enduring PTTD. 

 

                                   Figure(24) 

There are two visual aspects that stand out in this photo. It can be seen that the patient is 

standing inward on the side of their heel, which is not the foot stance of a normal foot. It can also 

be seen that the patient's ankle is inverted. In previous sections, the foot was divided into three 

portions (heel, midfoot, forefoot). Since the patient is standing on the side of the heel, the 

analysis of the foot can be divided into 4 portions: The inner heel, outer heel, midfoot, and the 

forefoot.  
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Figure(25) 

In the section about pressure over the GAIT cycle, it was discussed that the heel absorbed 

the greatest about of pressure per square inch. When the patient is standing inward, pressure is 

shifted from the outer heel into the inner heel. The ankle is on the section of the inner heel. Since 

the outer heel pressure is transferred from the outer heel to the inner heel, there is an increase in 

direct force towards the heel. On a normal foot, the pressure on the heel has a better even 

distribution. One can expect the result in more direct force to the ankle will result in strain and 

swelling, increasing over time.  

 

An uneven distribution of pressure can also explain why patients with PTTD experience 

pain within the midfoot. During analysis of pressure over a foot in the GAIT cycle, the midfoot 

absorbs the least amount of pressure between all sections of the foot per square inch. In addition, 

the forefoot absorbs the greatest amount of overall pressure in the greatest area. When a patient 

endures stage II PTTD, their midfoot is flattened and no arch is visible. When this occurs, the 

forefoot is now a part of the forefoot (the areas are combined). Take for instance, if someone 

were to purchase their neighbors plot of land, they would then take responsibility of the new 

house and plot of land.  The concept applies in this situation, where the midfoot begins to take 

responsibility of the pressure applied to the forefoot and absorbs an amount from it. Since we 

know that the forefoot absorbs the greatest amount of pressure, there is a large transfer of forces 

to the midfoot. This is more than what the midfoot usually experiences, resulting in swelling and 

pain to muscles located in the midfoot. It is also important to note, when the foot is flat, a portion 
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of the heel’s pressure is transferred to the midfoot as well. Figure [26]  below depicts the 

relationships summarized in this section.  

 

Figure(26) 

 

 

1.9 Confluence Diagram  

 

Figure(27) 

The confluence diagram is divided into three main categories: PTTD symptoms, PTTD 

risk factors, as well as PTTD recognition. Each category has subcategories. PTTD symptoms 
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starts when the tendon weakens. Tendon weakness changes the tendon and foot elasticity[28]. 

Such changes lead into localized swelling of the foot that makes the patient feel pain in the ankle 

area. The swelling then induces a slight deformity, which translates into the patient having 

incorrect form and is reflected in the lose of balance that the patient will experience. The 

patient’s foot will then try to compensate for the deformity and will use one side of the foot, 

which is commonly known as foot inversion. A detailed causal diagram is shown below as figure 

(22). The susceptibility of these symptoms can happen to any person. However, people with high 

risk factors which are mentioned in detail on page (18), where their chance of experiencing 

PTTD is higher than people that do not fall in this category. However, those people can take 

steps to prevent progressions in PTTD by using a device that recognizes the disorder, which 

checks the pressure in the foot and the pressure reading will conclude if the patient has PTTD or 

does not have PTTD.  

Causal Diagram: 

 

 

Figure (28) 
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2.0 - Stakeholder Analysis 

2.1 Stakeholders:  

The stakeholders of this project consist of medical professionals: orthopaedic surgeons, 

physical therapists, podiatrists, insurance companies, alternative suppliers, and shoes specialty 

companies.  

 

Orthopaedic Surgeons 

The main objective of the orthopaedic surgeons stakeholders is make money and treat PTTD via 

surgery.  

 

Physical therapists 

Their main idea is to make money and treat PTTD applying physical exercises.  

 

Podiatrists  

Their main objective is to make money and  treat PTTD via non surgical methods such as over 

the counter braces, custom made braces, and controlled ankle motion walker. 

 

Insurance companies 

Insurance companies play an important rule in the stakeholder analysis. Most of us tend to have 

medical insurances. Their main objective is to spend less money on PTTD surgeries by reducing 

the number of PTTD surgeries. PAD system aim to reduce the number of surgeries by preventing 

PTTD progressions. Therefore, we could benefit the insurance companies by paying less for 

prevention systems rather than surgeries. 

  

Suppliers  

Our system’s objective is to make profit by preventing PTTD progressions. The idea of the 

system is to have annual check up for every person and especially on people with risk factors for 
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PTTD. this way, patients do not require to have surgery, and they will be spending less money 

and they end up preventing themselves from PTTD progressive stages.  

 

Shoes specialty companies  

Comfortable shoes are important to not to have foot problems. Specialty shoes company's 

objective is to make profit by providing people with foot problems with prescription or 

nonprescription shoes. This way people will be prevented from progressive feet problems and 

dysfunctions.  

 

2.2 Tensions/Conflicting Interest: 

The table below describes the main tension that happen to some of the stakeholders when 

preventing Posterior Tibial Tendon Dysfunction: 

 

Primary Stakeholders Objective Tension 

People at risk for 
PTTD 
(e.g. Women>40, 
Diabetics, Obesity, 
Flatfoot) 

To continue walking with a 
normal gait and avoid PTTD 

Increase in education, early 
detection, cost savings for at risk 
persons  or minimal cost for 
non- medical treatment --  Less 
patients means  loss of money 
for ankle /foot medical 
professionals 

Patients with Stage 1 
PTTD 

To regain normal walking 
gait and avoid stages 2&3 of 
PTTD 

Increase in patient knowledge, 
early detection, minimize need 
for costly medical treatment 
Patient saves money and medical 
professionals lose money 

Medical Professional s     

29 



 
 

 
 

-Orthopaedic surgeons Perform surgery and make 
money 

Increase in patient knowledge vs 
surgeon's expertise results in less 
out of pocket cost for patient and 
less income/profit for surgeons 

-Podiatrists Make money and  Treat 
PTTD with non-surgical 
methods/procedures 
(e.g., Prescription orthotics, 
controlled ankle motion 
walking boot, or CAM boot, 
over-the- counter(OTC) 
ankle foot braces ) 

Increase in patient knowledge vs 
podiatrists expertise results in 
less out of pocket cost for patient 
and less income, profit for 
podiatrists 

-Physical therapists 
(PTs) 
  
  

Treat PTTD with Physical 
exercises 

Early detection could result in 
referral from primary care 
physician direct to the PTs 
resulting in less cost for 
surgeons and podiatrists and less 
costly exercises for the patient 
from the PT 

-Primary Care 
Physicians 

Perform annual exam and 
make money 

Expand annual exam to include 
increased workload required to 
interpret, explain foot 

Insurance Companies 
  

Make money Decrease coverage and increase 
premiums 

Secondary 
Stakeholders (these 
may be a reach??) 

Objective Tension 

Suppliers  of OTC 
braces and CAM 
Boots, Prefabricated 
orthotics 

Make money Less PTTD cases equals less 
profit 
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Specialty Shoe 
Companies 
(a shoe can cause pain 
and be used to help 
correct foot problems) 

Make money by providing 
prescription  and 
non-prescription shoes for 
people with foot problems 

Less PTTD cases equals less 
profit or could create a new 
market for specialty shoes with 
style and comfort 

 

Table (3) 

2.3 Stakeholder Diagram: 

 

Figure (29) 
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 Primary Stakeholders                                                                           Secondary 

Stakeholders  

+ Positive Relation  

+ Negative Relation  

 

 

The stakeholder diagram is used to illustrate the relationships between each stakeholder. It 

displays a two way relationship. The black arrows indicate the positive relation between the 

stakeholders, and the red indicates the negative relation or tension between the stakeholders. An 

example of a positive relation will be patients with stage I PTTD can increase their knowledge 

about PTTD and its cause and risk factors, when they are completely aware of these information 

they will prevent themselves from the progressive dysfunction. An example of a negative 

relation will be medical professionals and suppliers which are the alternative solutions to PTTD 

that does not require surgery. By having preventative suppliers, the number of PTTD patients 

will decrease, this will also decrease the number of surgeries for Orthopaedic surgeons which 

causes a negative tension. Basically suppliers will make profit and surgeons will be losing profit. 

 

2.4 Win-Win Analysis: 

Stakeholders Positive Impact with the System 

Surgeons, therapists, 

orthopedics 

Provide treatment for PTTD patients by 

investing money in the device and benefit from 

the profit of the system 

Patients Treated from PTTD and comfort.  

Suppliers  Gain profit by reducing PTTD surgeries and 

preventative treatment  
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Insurance Companies Spend less money on PTTD surgeries by 

covering this system as a preventative care with 

patients insurances plan.  

Table (4) 

3.0 - Problem and Need 

PTTD is a progressive dysfunction, where a person may be unaware of their progressions and 

development of the dysfunction. PTTD is commonly described using the analogy of the boiling 

frog syndrome, which leads to identify the problem and need statement. 

3.1 Problem Statement 

People are unaware of their progression in  PTTD. Leading them into development and 

progressions of later stages. A general overview of the scope of PTTD: 

● 30% of the worldwide population have flat foot (2.28 Billion) [19] 

● There is a proven relationship between lower Arch Height and the progression of PTTD 

[29] 

● Increased cost to patient during progression, reaching up to costs of $60,000  

3.2 Statement of need: 

Research into the problems associated with PTTD indicates the prevalence of 9.24 million 

people with foot deformity. With the identified problem, a need for such system is identified. 

The need being that people need to know that they are progressing into the development of 

PTTD. 
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3.3 Physical Process diagram: 

 

Figure (30) 

4.0 CONOPS  

The Concept of Operations can be visualized by Figure(31). As followed, the People with 

risk factors for PTTD (diabetics, prolonged walking, age population, and obesity) will be 

identified by a medical professional. Once identified of being amongst the group with risk, the 
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patient will be provided with a shoe insert that will be utilized to collect data for 30 minutes. The 

data will be collected through the use of pressure sensors, which are localized in 4 regions of the 

foot. The initial data will be used to create a baseline for the patient, and will be utilized as a base 

for comparison in their annual checkup. A good pressure profile shows the presence of an 

existing arch, whereas a bad pressure profile will show little to no presence of an arch.  For the 

patients that show that there are differences in the annual checkup Physical Therapy intervention 

can be applied. A common physical therapy exercise is as such: the patient will start on the floor 

with the affected foot out in front and loop a towel around the ball of the foot. The patient will 

then pull the towel towards themselves until a stretch is felt in the calf muscle. [30] 
 

 

Figure (31) 

 

4.1 Use Case 1 

Two use cases were initially developed for the system. The system will perform baseline tests, as 

well as an annual check up test. A baseline test is conducted on a patient who has never 

previously interacted with the system. The annual test are for patients who have previously 

interacted with the system and already has a past profile within the system. A detailed overview 

is given below for both use cases in high detail. To reference the system more easily, the system 

was called ‘PAD’, or short for Pressure Analysis and Diagnostics System.  

 

Use Case 1: Baseline Test 
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Goal in context: During a first time patient visit, perform an initial evaluation of the foot  

Scope: Creating a patient profile 

Level: Primary 

Precondition: Operator has locomotion skills 

Success End Condition: An evaluation of the patient's foot pressure distribution is completed and 

saved 

Primary Actor: Patient 

Trigger Event: Patient turns on PAD 

Main success scenario: 

 

Step Actor Active Description 

1 Patient Turns on PAD 

2 PAD Powers on  

3 PAD Opens analog port 

4 PAD Collects data 

6 PAD Stores data 

7 Doctor Uploads data to cognitive 

engine 

8 PAD Performs time series analysis 

9 PAD Creates patient profile with 

stored data and analyses 

9 Doctor Reads result to the patient  

Table (5) 
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Scenario extensions:  

 

Step Condition Active Description 

2a Low Battery Turns off 

4b High signal noise Omits Data points 

Table (6) 

Scenario Variations 

 

Step Variable Possible Variations 

4 Time Still posture, Stance motion of Gait 

Table (7) 

Related Information 

 

Schedule: Depends on Operator and PAD 

Priority: High 

Performance Target: 99% of data points are collected and stored 

Frequency: Depends PAD 

Super use case: N/A 

Sub Use Case(s): N/A 

Channel to primary actor: PAD 

Secondary Actor(s): Sensor 

Channel(s) to secondary actor(s): PAD 

 

Open Issues 
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Issue ID Issue Description 

1 Weather outside operational limits 

2 Sensor loses signal  

3 Sensor not calibrated 

4 Microcontroller power outage 

Table (8) 

 

 

 

 

 

 

Use Case Diagram: 

 

Figure(32) 
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4.2 Use Case 2 

 

Use Case 2: Annual Checkup 

Goal in context:  

Scope: Updating Baseline Information 

Level: Primary 

Precondition: PAD has previous data points 

Success End Condition:  Updates baseline information 

Minimal Guarantees: PAD does not have adequate power 

Primary Actor: PatientTrigger Event: Patient turns on PAD 

 

Main success scenario: Profile information is updated/appended 

 

Step Actor Active Description 

Step Actor Active Description 

1 Patient Turns on PAD 

2 PAD Powers on  

3 PAD Opens analog port 

4 PAD Collects data 

6 PAD Stores data 

7 Doctor Uploads data to cognitive 

engine 

8 PAD Performs time series analysis 

with previous data 
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9 PAD Appends patient profile with 

stored data and analyses 

Table (9) 

 

 

 

 

Scenario extensions:  

Step Condition Active Description 

2a Low Battery Turns off 

Table (10) 

Related Information 

Schedule: Every Year 

Priority: High 

Performance Target: 99% of signals transmitted to speaker 

Frequency: Every Year 

Super use case: N/A 

Sub Use Case(s): N/A 

Channel to primary actor: PAD 

Secondary Actor(s): Doctor 

Channel(s) to secondary actor(s): PAD 

Open Issues 

 

Issue ID Issue Description 

1 Microcontroller power outage 
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Table (11) 

Use Case Diagram: 

 

  

Figure(33) 

 

 

 

4.3 Gap Analysis:  

The root of the problem is one of a knowledge gap, where the user is unaware of their 

progressions in PTTD. In order for people to prevent progressions into posterior tibial tendon 

dysfunction, they need to have knowledge about their disorder especially people with risk factors 

of PTTD such as diabetes, obesity, age population, and high sport impact. Earlier detection 

would incur less of a inconvenience for the individual. Given that, there is approximately 19% of 

the U.S. population has an average of 1.4 foot problems each year. In fact, sixty million 

Americans or 25% of the U.S. population have flat feet [31]  these statistics indicate a gap in 

PTTD knowledge.  

 

5.0  Requirements 

It was determined that there are seven main mission requirements that must be met by the 

system. The first mission requirement is that the user has to be notified of changes of the 

pressure of the foot, drawing a comparison from the baseline. Second, the system needs to have 
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components that will be utilized to measure pressure throughout the gait cycle. Third, to ensure 

that the readings obtained are reliable, there is a accuracy mission requirement to maintain 

confidence in the system capabilities. Fifth, the system need to be comfortable utilized while 

walking, therefore a weight requirement was created, where the 5 ounces was obtained in 

comparison to aftermarket insoles. Sixth, the ensure system wide operability, the system has to 

be able to operate continuously for X hours. Lastly, the system needs to have the capability to 

store the data. 

 

 

5.1 Mission Requirements 

M.1  The system shall identify patients with PTTD progressions with 95% accuracy 

M.2  The system shall measure pressure through all parts of the gait cycle 

M.3 The system shall collect and store the pressure in all parts of the foot every 5th of 

a second 

M.4 The system shall contain an insole component with a weight less than 5 ounces 

M.5 The system shall be able to measure within the manufacturer’s sensor parameters 

of 25lbs 

M.6 The system shall measure pressure on the sole of the foot with accuracy of 90% 

Table (12) 
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5.2 Functional Requirements 

With the outlined mission requirements, functional requirements were derived to fulfill such 

requirements. The Table below may be categories into obtaining readings, handling data, and 

performance. 

Number Function Traced to 

F.1 The system shall adjust the force distribution applied to the heel M.R. 2 

F.2 The system shall adjust the force distribution to the midfoot M.R. 2 

F.3 The system shall adjust the force distribution to the forefoot M.R 2 

F.4 The system shall measure pressure on the heel M.R 2 

F.5 The system shall measure pressure on the midfoot M.R 2 

F.6 The system shall measure pressure on the forefoot M.R 2 

F.7 The system shall acquire data from sensors M.R 2 

Table (13) 

5.3 Design Requirements 

 With the identified functional requirements and the components required, the design 

requirements can be derived. The design requirements for the system, encompass the size of the 

system, the battery life per cycle, and encasing of components. 

D.R 1 The system shahe system shall measure pressure on at least 4 parts of the foot; 

Heel inner, Heel outer, midfoot, forefoot 

D.R 2  The system shall have an autonomous microcontroller 

D.R 3  The system shall have an online infrastructure for processing and storage 

Table (14) 
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5.4 IDEF0 

 

Figure (34) 

The IDEF0 in Figure 24 provides an Overview on how the system functions will interact each 

other. 

 

 

6.0  - Design Architecture 

Creating an architecture for the system was between two choices, structural analysis and object 

orientation. Both methods could be used for the basic design evaluation process followed for the 

executable model, shown below. 
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Figure (35) 

 

An object-oriented approach to the problem provided several benefits. Object orientation 

was flexible with changing requirements. During the research process, the requirements were 

changing constantly. Even the smallest changes in requirements would make adjusting structural 

diagrams troublesome. Therefore, structural analysis would be a good option if the requirements 

are well defined. In addition, object orientation provided an entity decomposition while structural 

would provide a functional decomposition. It made more sense to use an entity decomposition, 

physical parts in the prototype can be better represented for the executable model. However, 

essentially only different perspectives of the same system (functional vs. entity decomposition). 

Most of the architecture diagrams were done in the UML language, however, a structural 

analysis diagram (IDEF0) is included in later in this section. 

 

6.1 - Activity Diagram 

An activity diagram was created to show a sequence of events in the system. ‘Analyze and 

Diagnose’ would be a built web application, while firmware, testing, and processing of 

collections would part of a microcontroller measuring pressure on the patient's foot. The 

collectors are entities that collect information such as pressure sensors, etc. The Activity diagram 

is shown in figure 36 below. 
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Figure (36) 
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6.2 - Logical Data Model 

The Logical Data Model (LDM) allows analysis of a functional design’s data definition 

aspect, without consideration of implementation specific or product specific issues. Data 

described in the LDM can be related to information in a functional activity diagram. The 

information entities modeled in the LDM also capture the information content of messages that 

connect life-lines in a sequence diagram. The logical data model constructed for the PAD is 

shown below.  

 

Figure(37) 

It is important to note that the LDM is an extension of the class diagram, except the 

functions are suppressed. Attributes of each entity are shown in each class above. All blue 

entities are within the system, thus creating a system boundary. 

6.3 - Class Diagram 

The class diagram gives an overview of a system by showing its classes and the 

relationship among them.  Similar to object-oriented programming languages, classes contains 

attributes and functions. An object is an instantiation of the class. The class diagram was later 

used to create the generic and instantiated physical architecture of the system.  In essence, the 

class diagram show a conceptual model of the system. 
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Class Diagram  

 

Figure (38) 

 

6.4 Object Diagram 

The object diagram shows what a state of the of the class diagram may look like, using real 

attributes and domains. In this example, 4 pressure sensors and a clock were connected. It is 

important to note that the web application does not have any interaction with entities part of the 

microcontroller insole that measures pressure. The only interaction that occurs between the 

systems is the pressure data is transferred from the Arduino to the Web Application via the 

doctor.  
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Figure (39) 

 

6.5 Physical Architecture 

The physical architecture shows the entities contained with the system and with listed attributes. 

Each entity can be located within a morphological box of the system. This diagram shows the 

composition of domains with the proper entities.  
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Figure(40) 

6.6 Deployment Diagrams 

The class diagram can be utilized to create an instantiated and generic deployment model 

of the physical architecture. Shown below are the entities in a generic deployment model. The 

means that none of the entities are yet instantiated to real world objects. The deployment model 

is split up into three sections: The Human Machine Interface, the Internal Subsystem, as well as 

Software Services. Entities from the previous class diagram has shown up in software services as 

well. Figure 41 shows the generic model, and the figure 42 shows an example of an instantiated 

model that borrows items from a created morphological box.  
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Figure (41) 

 

  

Figure (42) 
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6.7. Information Flows 

The information flow from each of the entities in the physical architecture are numbered 

and labeled in the table below.  

 

Resource # From To Information 

1 FAS Operator Mouse User input 

2 FAS Operator Keyboard User input 

3 Display FAS Operator Information Display 

4 Display Desktop User input 

5 Keyboard Desktop User input 

6 Mouse Desktop User input 

7 Desktop MicroController User input 

8 MicroController Operating Environment Data Display & Alerts 

9 Operating Environment MicroController Data Transfer 

10 Wire Sensor Sensor Feed 

11 Sensor Wire Send Command 

12 Wire MicroController Feed From Sensor 

13 MicroController Wire Data Feed 

14 Operating Environment Database Data Retrieval 

15 Database Operating Environment Output Display 

16 Database Cognitive Engine Data to analyzed 

17 Cognitive Engine Database Analyzed Data 

18 Task Fetcher Database Sensor Status 

19 Database 

Task Fetch 

 

er Collection Requirements 

20 Collection Processor Database Differentiates Feed 
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21 Task Fetcher Operating Environment Data Retrieval 

22 Wire Collection Processor Data Feed 

23 Operating Environment Wire Data Feed 

24 MicroController Desktop Data Feed 

Table (15) 

6.8 Function Diagram 

The function diagram shows the output when sensor input is received. A microcontroller 

will receive 5 sensors inputs. One on the inner heel, one on outer heel,  one on the midfoot, and 

two on the forefoot.  The readings are then translated via the firmware uploaded. A series of 

analyses are then performed to provide insights on the patient's foot, leading to the creation of a 

pressure profile for the patient. It is important to note that the series analysis and pressure profile 

take place on a cognitive engine online based on the instantiated physical architecture and class 

diagram.  The function diagram is shown in figure 43 below. 

 

Figure (43) 
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6.9 Design Components: 
 

Name Model Number Price  

4 x FSR Sensor Interlink 402 $7 

Arduino Mega 2560 $18 

Jumper Wires Velleman 30 cm 40 M-F $8 

Insole Spenco Comfort $20 

SD Card  SanDisk 16GB $10 

Real Time Clock DS3231 $6 

Resistor NTE Electronics (3300 ohm) $.10 

Total   $ 69.10 

 

Table (16) 

The device cost is shown in the table above which includes the arduino board that is the main 

component to measure the pressure in the foot. The board contains 5 Force-sensitive resistors 

(FSR) are easy to use sensors designed for measuring the presence and relative magnitude of 

localized physical pressure. FSR sensors  measures the pressure in the foot for the following 

areas: forefoot, midfoot, and heel. In addition to that, 4 resistors are used in this system for each 

pressure sensor to make the data more accurate. As well as an insole to place the FSR sensors to 

measure the pressure in those particular areas and provide an accurate reading when placed under 

patient's shoes. It also contains, real time clock which provide the data from the sensor readings 
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including hour, minutes, second, each pressure readings, and date. Finally, it contains an SD card 

which can save the data and output it as an excel sheet.  

 

 

6.10 - AWS Cloud Architecture 

In Figure 38, an entity called “Analyze and Diagnose” was introduced where it was responsible 

for informing on whether or not the patient is progressing towards PTTD through a browser 

application. This component can executed using on-demand computing resources through 

Amazon Web Services (AWS). Therefore, it was appropriate to lay the foundation on how the 

architecture on AWS be structured. Figure 44 below shows a sample of what a possible setup for 

the online processing component using AWS.  

 

Figure 44 
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7.0 - Prototype and Calibration: 

 

 

7.1 Prototype  

A microcontroller was needed based on the physical architecture. The microcontroller chosen 

was an Arduino Mega 2560. Derived components based on the system included a component 

that can keep track of time, as well as a component to store data. The DS3231 RTC component 

fulfilled this requirement and also tracked temperature as an extra. An SD Breakout board was 

utilized for storing data. The connection diagram is shown in figure 45 below. 

 

 

Figure (45) 
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7.2 Programming the Prototype  

The C programming language was used to create the microcontroller firmware. The reason for 

this is that the Arduino only compiles in C. Two versions of the arduino software were created. 

The first version created borrows a source code from a third party (SparkFun electronics) for the 

conversion of an analog signal to a readable force. The processing code from SparkFun 

electronics does not require outside calibration methods [] to convert the analog signal. The 

second code was created utilizing the calibration method discussed in section []. Long term, only 

one of these versions will be utilized and updated after more testing, debugging, accuracy and 

efficiency checks.  

 

One of the constraints for arduino is the EEPROM memory limit. The EEPROM memory 

is long term memory that can be saved on the microcontroller, and remains even after the 

microcontroller is disconnected from a power source. The disadvantage however, is that the 

EEPROM on Arduino Microcontrollers have a limit of 100,000 writes [32]. This constrained the 

arduino to a limited lifespan, since the planned 25 data points per second would surpass the limit 

EEPROM write limit fairly quickly. SD Cards however, have a much longer lifetime and uses 

advanced technology to extend the life of flash memory. To bypass the arduino write limit, the 

program never writes to the EEPROM of the Arduino, rather writes directly into the SD card. 

This optimizes the lifespan of the microcontroller.  

 

The report includes the source code developed, one version with the analog conversion 

borrowed from SparkFun is contained in Appendix [33] . The calibration source code resides in 

[x] of the appendix. This report contains version 1.0.0 and is the most recent, however version 

control is planned for future software developments. To request the latest iteration of the 

software, please message any of the named report contributors.  

 

7.3 Calibration of sensors 

In order to calibrate the pressure sensors, 4 resistors were placed on the device to find the output 

of the pressure sensors. The resistors were 3300 k  resistors. The resistors were 3300 kΩ Ω  
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resistors because the relationship between the force and resistance is linear. A force that must be 

present before the resistance drops to a value below 10kΩ, where the relationship becomes more 

linear [7]. In order to read what the sensors were outputting, we placed 9 different weights on 

each sensor one at a time and saved the data outputted then we took the mean of each sensor 

output for a particular weight placed and ended up getting a linear equation which was later on 

used in our code to provide more accurate reading for each sensor when a person steps on it. The 

weights used were: 5 lbs, 7.5 lbs, 10 lbs, 12.5 lbs, 15 lbs, 17.5 lbs, 20 lbs, 22.5 lbs, and 25 lbs. 

The reason our group was not placing more weight on the sensors was because these sensors can 

only measure weights up to 22 lbs [34].  

Figure 42 contains all the readings for each sensor when the weights were placed on them.  

 

 

Table (17) 
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Figure (46) 

Based on the calibration test. A linear fit was conducted from arduino readings with the formula 

provided  then taking an inverse of the linear fit provided the readings in pounds with =0.93R 2
  

 

7.4 Testing 

For a successful analysis data must be collected for several people. So, two subjected were tested 

with arduino device. One of the subject was a person with normal foot. The second subject was a 

person with risk factor for PTTD (flat feet). To ensure enough data points for an analysis, seven 

minutes was selected as a time frame for data collection. The data collected consisted of four 

different locomotion (Standing, Walking, Ascending stairs, Descending Stairs). To test the 

functionality of the prototype 3 subject were used to collect data, one being an individual without 

an arch. Figure 10 illustrates a sample of the data from a subject with a Normal foot while 

standing.  
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Figure (47). Standing for a Normal Foot  

Patients showed a constant pressure between the forefoot, midfoot, inner and outer heel. Further 

testing is required to show significant difference between patients with and without PTTD. 

Specifically, since the pressure remains constant while standing, both the subject and subject 

without PTTD will be required to possess the same body weight.  

Illustrated in Figure 11 is a subject walking with a normal foot. Patients with a normal foot 

showed the forefoot experiencing the greatest amount of pressure on average, with a close 

second being the inner heel. The outer heel experiences the third highest amount of overall 

pressure between the four sections, while the midfoot experiences a very minimal amount of 

pressure in general throughout.  
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Figure (48)Walking for a Normal Foot  

Illustrated in Figure 48.is a subject walking with a foot that does not contain an arch. In contrast 

to a normal foot, the patient experiences on average a greater amount of force on the inner heel 

versus the forefoot. 

 

Figure (49). Walking for a Foot without an Arch  

Illustrated in Figure 49 is a subject ascending a climb with a normal foot. Patients with a normal 

foot showed the forefoot experiencing the greatest amount of pressure on average. In contrast to 

walking, there was a higher difference between the forefoot and the rest of the pressure points. 

The inner heel experienced the second highest amount of pressure overall.  
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   Figure (50). Ascending Climb for a Normal foot  

Illustrated in Figure (50) is a subject ascending a climb with a normal foot. Patients with a 

normal foot showed the forefoot experiencing the greatest amount of pressure on average. In 

contrast to walking, there was a higher difference between the forefoot and the rest of the 

pressure  

 

Figure (51). Ascending Climb for a Foot without an Arch  

Illustrated in Figure (51) is a subject descending climb for a normal foot. The forefoot 

experienced the greatest amount of pressure, with the inner heel following closely in frequency.  
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Figure (52). Descending Climb for a Normal Foot  

Illustrated in Figure (52) is a subject ascending a climb with a foot that does not contain an arch. 

In contrast to a patient with a normal foot, the inner heel experienced the greatest amount of 

pressure on average.

 

Figure (53). Descending Climb for a Foot without an Arch  
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7.5 Verification Test Plan 

System features and components to be tested: Sensors and Data Storage. To establish a 

definition on what is considered pass/fail, this section ensures a uniform understanding and 

outlines the severity of a failure along with its degree of impact. 

Failure Severity: 

Serious: Significant impact to the stakeholder, e.g. incorrect implementation, No output. 

Moderate: Mild impact to shareholder, e.g. minor deviation (20%>std>10%) in output. 

Low: Low impact to the stakeholders, e.g. incorrect spelling, incorrect units 

 

In order to meet stakeholder deadlines, the development of the system and its transitions to the 

next stage will accept the Low and Mild failures.  

 

Below is a detailed plan on how the different tests should be carried out. 

Sensors: Ensure all necessary components are connected to the arduino 

1. Connect arduino to a computer 

2. Open the arduino program in a window on the computer with the code outline in the 

appendix 

3. Ensure arduino code is initialized on the arduino. 

4. Ensure a serial monitor is displayed. 

5. Place weight on arduino and document the weight output. 

6. Compare the output to the weight placed on the pressure sensor 

Data Storage: 
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1. Follow steps 1-5 in the Sensor test 

2. Check that the sd card is being initialized in the serial monitor. 

3. Place weight on arduino and ensure sd card is being written. 

4. Stop halt the weight test. 

5. Eject the SD card 

6. Place SD in computer port 

7. Verify sd card contains a file with weight outputs. 

 

7.6 Verification Test Results 

Sensor Testing: Results indicate a Moderate test failure with a standard deviation being less or 

equal to 1. With weights 7.5lbs and below, the standard deviation was within the Moderate test 

failure range. In result the sensor passed the verification test. Below is the graph that was 

obtained from the verification test results.  

 

Figure (54) 

8.0 - Results  
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8.1 Analysis of Results: 

A Neural Network was constructed to identify the locomotion (walking, standing, 

ascending and descending stairs) of the user and whether the user has PTTD, from foot pressure 

data. The Neural network was configured with a moving window of 10-time series data points 

for each of the sensors. This was used to build an initial layer of 40 neurons. To determine the 

how the recognition were to be handled, 2 layers of 80 neurons were arbitrarily chosen. The final 

layer had 8 neurons with one output representing the locomotion and PTTD presence. The output 

identified the locomotion and PTTD progression (e.g. Standing with No PTTD, Walking with No 

PTTD, Ascending Stairs with No PTTD, Descending Stairs with No PTTD, Standing with PTTD 

Progression, Walking with PTTD Progression, Ascending Stairs with PTTD Progression, and 

Descending Stairs with PTTD Progression)  

The breakdown of how the data was used can be shown in the table 1. 

 

 

The initial test with 1000 epochs showed an accuracy of 74%, which indicates that more 

testing is required. Based on the analyses, trends show that patients without an arch show inner 

heel forces averaging higher than forefoot forces in contrast to patients with a normal foot. It is 
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important to note a relationship was not able to be shown for the midfoot between subjects, 

however, additional sensors in the area may provide more insights in future testing. 

 

 

 

9.0 Project Plan  

9.1 Statement of Work: 

9.1.1 Scope of Work 

The following will be completed in this project: Planning, Design, implementation, Risk 

Mitigation, Validation, & Verification. Provided deliverable deadlines, the team will 

allocate tasks to its members, so that tasks will be completed on time. The Project flow 

will follow the Systems Engineering “V” Diagram as shown in the figure below.  

 

 

Figure (56) 

9.1.2 Work Requirements 
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The design of the detection system will span 266 days, the first week ending on 

September 2nd, 2017 and the last work week ending on May 19th, 2018. The following 

list of tasks are: 

Research: Conduct research to properly identify the problem of which includes the 

context analysis and stakeholder analysis. As the design of the system develops, 

modification to the system will be considered upon the receivement of new information.  

 

 

 

 

 

 

9.2 Gantt Chart: 

Our Gantt chart includes the following categories: context analysis, concept of operations, 

project budget, functional requirements, risk analysis, design requirements, and simulation 

requirements. In addition to other tasks defined with their duration assigned. Our entire project is 

estimated to last for 180 days.  
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Figure (57) 
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Figure (58) 

9.3. Critical Path 

9.4. Risk Mitigation associated with Project 

There are five risks Associated with planning and all them are scored from 1 to 10 based on the 

severity, likelihood, detection, and RPN is the product of these three scores. As it can be seen 

RPN score is highest for critical task and if for various reasons the critical task is missed it will 

affect the scope, budget, and time of project. Also simulations errors  may lead to 

overcomplexity of the project which can later on affect the scope, time and budget of the whole 

project. The other important category is testing. Since the exoskeleton project requires human 

subject testing, there should be a detailed consent which gives the subject detailed information 

about the testing procedure and the possible outcomes. 

 Project Mitigation Table: 

Categories Potential  

Risk  

Potential  

effect 

Severity 

(1-10)  

Potential cause Likelihood 

(1-10)  

Detection 

(1-10) 

RPN Mitigation  

Delay of 

critical task 

Failure to 

complete 

task 

Delay on project 9 1)Failure to complete 

task 

2)An engineer can 

take leave due to 

promotion, illness, or 

7 6 378 1) Start the project 

early 

2) Take advantage of 

slack time  
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family leave 

Scope Out of Scope 1)Requires more 

time, budget 

2)Technical 

difficulty 

6 1)Complexity of 

system 

2)Add unnecessary 

components to project 

5 5 150 1) Avoid adding 

unnecessary 

components 

2) Keep the scope 

base on the 

objectives and 

requirements 

3) Always keep the 

budget on mind  

Stakeholder/

Sponsor 

1) 

Misundersta

nding with 

objectives  

Miscommunication/

Misunderstanding 

9 1) Lack of 

communication 

2) Misunderstanding 

between the two 

parties  

5 5 225 1) First identify all 

the stakeholders and 

get familiar to their 

objectives and 

perspective 

2) Analyze the 

relationship between 

stakeholders 

3) Increase the 

communication by 

having more frequent 

meetings  

Testing  1) Invasion 

of privacy 

2) 

1)Exercise-induced 

or 

repetition-exacerbat

ed physical harm 

8 Physical problems 

complications  

6 6 288 Give out detailed 

consent to the test 

subject and explain 

every possible 

outcome to them. 

 

Table (18) 

 

9.5. Risk Mitigation Table 

9.6. Work Breakdown Structure (WBS) 

The below table outlines the process in which the project is composed of for full completion. 

First we have Research, broken down into concept of operations (CONOPS) as well as 

Kinesiology. Second we have design, which is broken down into modeling, requirements, low 

fidelity prototyping, and risk analysis. Next we have development, which is composed of 

printing, assembling, and programming the models. Afterwards, we move into qualification 
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testing. All tests meet the stakeholder requirements. Finally, documentation is broken down into 

producing a Final Report, Presentation, and compilation of weekly reports.  

 

 

 

Figure (59) 

10.0 - Project Budget:  

A survey was conducted during this project which collected annual salaries from 2016 

SEOR graduates in Northern Virginia.The average came out to be $67,500 per year [12]. In a 

year there are 52 financial weeks, by dividing the average income by financial weeks the result is 

$1298/week. A typical 40 hour work week would then result in roughly $32/hour. A copy of the 

data may be found in the appendix.   

Therefore, the group decided that our hourly wages is $32. 

The budget cost is calculated based on 3 different scenarios:  

● Optimistic case is based on performing 80 hours a week on the project. 

● Normal case is based on performing 110 hours a week on the project. 

● Pessimistic case is based on performing 150 hours per week on the Project. 

There is an overhead cost with the factor of 2 for our project. Below table 5 provides the 

estimates costs for the project.  

 

Case Hours Cost Overhead Cost 
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Optimistic  2480 $79360 $158720 

Normal 3410 $109120 $218240 

Pessimistic  4650 $148800 $297600 

 

Table (19) 

 

Performance Budget: 

The completion of the project which includes Systems Engineers was considered with an 

optimistic perspective workload of 80 hours of labor per week at a rate of $32.00 per hour, 

equaling to $2,560 Planned cost per week. Figure 22 reflects the current performance through 

week 14.  

 

Figure (60) 

Figure 49 shows the Planned value (PV), Earned value (EV) and Actual cost (AC) for the 

project. As the figure indicates, the project planned value is consistently increasing at $2,560 per 

week, the actual cost indicates that the cost is consistently below the planned, yet the Earned 

value had a strong start and then digressed as time progressed. The current Schedule 

Performance Index (SPI) is at 0.78, which is below a value of 1, indicating that the project is 
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behind schedule. On the contrary, the Cost performance indicator (CPI) is at a value of 1.46, 

which is the desired value of 1, indicating that the project is exceeding initial cost expectations. 
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/*  

 *  PAD V.1.0.0 

 *  Force is Calculated based on equations from SparkFun 

 */ 

 

#include <Wire.h> 

#include <SD.h> 

#include "Sodaq_DS3231.h" 

 

const int chipSelect = 53; 

const int FSR_PIN[] = {A0, A1, A2, A3}; // Pin connected to FSR/resistor divider 

// Measure the voltage at 5V and resistance of your 3.3k resistor, and enter 

// their value's below: 

const float VCC = 4.98; // Measured voltage of Ardunio 5V line 

const float R_DIV = 3230.0; // Measured resistance of 3.3k resistor 

int delayTime = 250; 

char weekDay[][4] = {"Sun", "Mon", "Tue", "Wed", "Thu", "Fri", "Sat" }; 

int sequenceNumber = 0; 

String fileName = "Results.csv"; //This is the File Name 

File myFile; 

 

void setup() { 

  Serial.begin(9600); 

  Wire.begin(); 

  rtc.begin(); 

  pinMode(53, OUTPUT); 

  pinMode(A0, INPUT); 
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  pinMode(A1, INPUT); 

  pinMode(A2, INPUT); 

  pinMode(A3, INPUT); 

 

  checkSD(); 

  setExcelTable(); 

  //setTime(); //comment out if time does not need to bet set 

} 

 

void loop() { 

  myFile = SD.open(fileName, FILE_WRITE); 

  //get number of pins being used 

  int numberOfPins = sizeof(FSR_PIN) / sizeof(FSR_PIN[0]); 

  int fsrADC[numberOfPins]; 

 

  //record the time 

  recordTime(); 

  

  //collect data from all analog sources 

  for (int i = 0; i < numberOfPins; i++) { 

    fsrADC[i] = analogRead(FSR_PIN[i]); 

  } 

 

  //convert and store the data 

  for (int i = 0; i < numberOfPins; i++) { 

    if (fsrADC[i] != 0) //If the analog reading is non-zero 

    { 

      // Use ADC reading to calculate voltage: 

      float fsrV = fsrADC[i] * VCC / 1023.0; 

      // Use voltage and static resistor value to 

      // calculate FSR resistance: 

      float fsrR = R_DIV * (VCC / fsrV - 1.0); 

      // Guesstimate force based on slopes in figure 3 of 

      // FSR datasheet: 

      float force; 

      float fsrG = 1.0 / fsrR; // Calculate conductance 

      // Break parabolic curve down into two linear slopes: 

      if (fsrR <= 600) 

        force = (fsrG - 0.00075) / 0.00000032639; 

      else 

        force =  fsrG / 0.000000642857; 

 

      debugPAD(i,force,numberOfPins); //uncomment if you want to debug on serial 

      //reads in pounds 

      myFile.print(String(force*.002205)); 

      myFile.print(","); 

    } 

  } 

  //start a new row 

  myFile.println(""); 
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  myFile.close(); 

  delay(delayTime); 

} 

 

void checkSD() { 

  Serial.print("Initializing SD Card..."); 

  //check to see if  SD card is present, if not - abort 

  if (!SD.begin(4)) { 

    Serial.println("Card failed, or not present."); 

    exit; 

  } 

  Serial.println("Card Initialized"); 

  Serial.println(""); 

} 

 

void setTime() { 

  //Below Line Format: year, month, date, hour, min, sec and week-day(starts from 0 

and goes to 6) 

  DateTime dt(2017, 11, 27, 16, 30, 0, 1); 

  rtc.setDateTime(dt); 

} 

 

void setExcelTable() { 

  String TableElements[] = {"Sequence", "Day", "Month", "Date", "Year", "Hour", 

"Minute", "Second", "Temp F", "Sensor 1", "Sensor 2", "Sensor 3", "Sensor 4"}; 

  myFile = SD.open(fileName, FILE_WRITE); 

 

  for (int i = 0; i < (sizeof(TableElements) / sizeof(TableElements[0])); i++) { 

    myFile.print(TableElements[i]); 

    myFile.print(","); 

  } 

  myFile.println(""); 

  myFile.close(); 

} 

 

void recordTime() { 

  DateTime now = rtc.now();  //get current date-time 

  rtc.convertTemperature(); //convert current temperature into registers 

  //store data 

  myFile.print(sequenceNumber); 

  myFile.print(","); 

  myFile.print(weekDay[now.dayOfWeek()]); 

  myFile.print(","); 

  myFile.print(now.month(), DEC); 

  myFile.print(","); 

  myFile.print(now.date(), DEC); 

  myFile.print(","); 

  myFile.print(now.year(), DEC); 

  myFile.print(","); 

  myFile.print(now.hour(), DEC); 

81 



 
 

 
 

  myFile.print(","); 

  myFile.print(now.minute(), DEC); 

  myFile.print(","); 

  myFile.print(now.second(), DEC); 

  myFile.print(","); 

  myFile.print(rtc.getTemperature() * 1.8 + 32); 

  myFile.print(","); 

  sequenceNumber = sequenceNumber + 1;  

} 

 

void debugPAD(int SensorNumber, float reading, int numberOfSensors){ 

  Serial.print("Sensor "); 

  Serial.print(SensorNumber+1); 

  Serial.print(": "); 

  Serial.println(String(reading)); 

 

  if (SensorNumber == numberOfSensors-1) 

    Serial.println(""); 

  

} 

 
 

 
/*  

 *  PAD CAL V.1.0.0 

 *  

 */ 

 

#include <Wire.h> 

#include <SD.h> 

#include "Sodaq_DS3231.h" 

 

const int chipSelect = 53; 

const int FSR_PIN[] = {A0, A1, A2, A3}; // Pin connected to FSR/resistor divider 

// Measure the voltage at 5V and resistance of your 3.3k resistor, and enter 

// their value's below: 

int delayTime = 250; 

char weekDay[][4] = {"Sun", "Mon", "Tue", "Wed", "Thu", "Fri", "Sat" }; 

int sequenceNumber = 0; 

String fileName = "Results.csv"; //This is the File Name 

File myFile; 

 

void setup() { 

  Serial.begin(9600); 

  Wire.begin(); 

  rtc.begin(); 

  pinMode(53, OUTPUT); 

  pinMode(A0, INPUT); 

  pinMode(A1, INPUT); 

  pinMode(A2, INPUT); 
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  pinMode(A3, INPUT); 

 

  checkSD(); 

  setExcelTable(); 

  //setTime(); //comment out if time does not need to bet set 

} 

 

void loop() { 

  myFile = SD.open(fileName, FILE_WRITE); 

  //get number of pins being used 

  int numberOfPins = sizeof(FSR_PIN) / sizeof(FSR_PIN[0]); 

  int fsrADC[numberOfPins]; 

 

  //record the time 

  recordTime(); 

  

  //collect data from all analog sources 

  for (int i = 0; i < numberOfPins; i++) { 

    fsrADC[i] = analogRead(FSR_PIN[i]); 

  } 

 

  //convert and store the data 

  for (int i = 0; i < numberOfPins; i++) { 

    if (fsrADC[i] != 0) //If the analog reading is non-zero 

    { 

      // Use ADC reading to calculate voltage: 

 

      float force; 

      force = fsrADC[i]*.0746-37.881; 

 

      debugPAD(i,force,numberOfPins); //uncomment if you want to debug 

      myFile.print(String(force)); 

      myFile.print(","); 

    } 

  } 

  //start a new row 

  myFile.println(""); 

  myFile.close(); 

  delay(delayTime); 

} 

 

void checkSD() { 

  Serial.print("Initializing SD Card..."); 

  //check to see if  SD card is present, if not - abort 

  if (!SD.begin(4)) { 

    Serial.println("Card failed, or not present."); 

    exit; 

  } 

  Serial.println("Card Initialized"); 

  Serial.println(""); 
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} 

 

void setTime() { 

  //Below Line Format: year, month, date, hour, min, sec and week-day(starts from 0 

and goes to 6) 

  DateTime dt(2017, 11, 27, 16, 30, 0, 1); 

  rtc.setDateTime(dt); 

} 

 

void setExcelTable() { 

  String TableElements[] = {"Sequence", "Day", "Month", "Date", "Year", "Hour", 

"Minute", "Second", "Temp F", "Sensor 1", "Sensor 2", "Sensor 3", "Sensor 4"}; 

  myFile = SD.open(fileName, FILE_WRITE); 

 

  for (int i = 0; i < (sizeof(TableElements) / sizeof(TableElements[0])); i++) { 

    myFile.print(TableElements[i]); 

    myFile.print(","); 

  } 

  myFile.println(""); 

  myFile.close(); 

} 

 

void recordTime() { 

  DateTime now = rtc.now();  //get current date-time 

  rtc.convertTemperature(); //convert current temperature into registers 

  //store data 

  myFile.print(sequenceNumber); 

  myFile.print(","); 

  myFile.print(weekDay[now.dayOfWeek()]); 

  myFile.print(","); 

  myFile.print(now.month(), DEC); 

  myFile.print(","); 

  myFile.print(now.date(), DEC); 

  myFile.print(","); 

  myFile.print(now.year(), DEC); 

  myFile.print(","); 

  myFile.print(now.hour(), DEC); 

  myFile.print(","); 

  myFile.print(now.minute(), DEC); 

  myFile.print(","); 

  myFile.print(now.second(), DEC); 

  myFile.print(","); 

  myFile.print(rtc.getTemperature() * 1.8 + 32); 

  myFile.print(","); 

  sequenceNumber = sequenceNumber + 1;  

} 

 

void debugPAD(int SensorNumber, float reading, int numberOfSensors){ 

  Serial.print("Sensor "); 

  Serial.print(SensorNumber+1); 
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  Serial.print(": "); 

  Serial.println(String(reading)); 

 

  if (SensorNumber == numberOfSensors-1) 

    Serial.println(""); 

} 

 
 

 

/* 

 * Real-Time Pressure Sensor Graphing with Arduino Graphing 

 * GMU SYST 495 - SENIOR DESIGN II  

 *  

 * Directions: Connect All Sensors to Arduino and  

 * Click Tools>Serial Plotter. Graph should then display 

 *  

 * Program calibrated for INTERLINK 402 25lb FSR Sensors 

 * Max Weight 30lb, Body Weight of 110  

 *  

 * Authors: Shamim Ahmed 

 */ 

 

float innerHeel;  

float outerHeel;  

float midfoot;  

float forefoot;  

  

void setup() { 

  Serial.begin(9600); 

  //Initializing Sensor Pins  

  pinMode(A0, INPUT); 

  pinMode(A1, INPUT); 

  pinMode(A2, INPUT); 

  pinMode(A3, INPUT); 

} 
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void loop() { 

  innerHeel = analogRead(A0);  

  outerHeel = analogRead(A1); 

  midfoot = analogRead(A2);  

  forefoot = analogRead(A3); 

 

  //Printing to Arduino Plotter 

  Serial.print((521.03-innerHeel)/12.509); 

  Serial.print((521.03-outerHeel)/12.509); 

  Serial.print((521.03-midfoot)/12.509); 

  Serial.println((521.03-forefoot)/12.509); 

  //readings at 250ms 

  delay(250); 

} 

 

 

 

 

 
Sub 

Transform10RowsT

o1() 

 

 'UpdatedMarch29 with Visual Basic 

 Dim InputRng As Range, OutRng As Range 

 xTitleId = "KutoolsforExcel" 

 Set InputRng = Application.Selection 

 Set InputRng = Application.InputBox("Ranges to be transform :", 

xTitleId, InputRng.Address, Type:=8) 
 Set OutRng = Application.InputBox("Paste to (single cell):", xTitleId, 

Type:=8) 
 Application.ScreenUpdating = False 

 xRows = InputRng.Rows.Count 'counts the number of rows 

 xCols = InputRng.Columns.Count 'counts the number of columns 
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 For i = 1 To xRows Step 9 

    i2 = 1 

    i3 = i + 10 

    sequence = 0 

   ' shift = i - 1 

    For i4 = i To i3 'loops through all the rows 

        InputRng.Rows(i4).Copy OutRng 'Copy the items in row to the 

inputrow 
        If i4 Mod 10 = 0 Then ' when the 10th row has been reached, we 

shift down 
            sequence = 1 

        End If 

        Set OutRng = OutRng.Offset(sequence, xCols)  'set the inputrow 

into the row to copy 
        sequence = 0 

    Next 

    i2 = i2 + 1 

 Next 

 Application.ScreenUpdating = True 

 End Sub 

 

 

 

 

#SCRIPT BY: SHAMIM AHMED 

#GEORGE MASON UNIVERSITY - SYST 495 - SENIOR DESIGN II 

#PROJECT: DESIGN OF A SYSTEM TO DETECT POSTERIOR TIBIAL TENDON 

DYSFUNTION 

#TAKES EXCEL 10x4 Excel Matrix into 1x40 Excel Matrix 

#PYTHON 2.0  

 

 

import xlsxwriter 
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import xlrd 

 

#opening raw data 

fileName = raw_input("Enter the name of file that requires formatting (i.e. data.xlsx): ") 

book = xlrd.open_workbook(fileName)  

sheet = book.sheet_by_index(0) 

 

#Create the formatted worksheet for use by matlab  

newFileName = raw_input("Enter the name of the outputfile (i.e. formattedData.xlsx): ") 

workbook = xlsxwriter.Workbook(newFileName) 

worksheet = workbook.add_worksheet() 

 

#setup (n,j) coordinates for raw data 

n = input("Enter the number of rows in the Excel Document:") 

j = 0; #eventually iterates through columns 0-3 and then resets to 0 

 

#setup (x,y) coordinates for output data  

x = 0 

y = 0 

 

#Transfer The Data Formatted 

for i in range(0,n): 

if y > 39: 

x += 1 

y = 0 

 

f = sheet.cell_value(i,j) 

worksheet.write(x,y,f) 

y += 1 

f = sheet.cell_value(i,j+1) 

worksheet.write(x,y,f) 

y += 1 

f = sheet.cell_value(i,j+2) 
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worksheet.write(x,y,f) 

y += 1 

f = sheet.cell_value(i,j+3) 

worksheet.write(x,y,f) 

y += 1 

 

#close the workbook 

workbook.close() 
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