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ABSTRACT 

 

The main objective of this capstone project is not only to facilitate hand rehabilitation for stroke 

patients in Morocco, but to increase their intrinsic motivation throughout the required therapy 

through the development of an assistive robotic device. This device will take the shape of a soft 

robotic, motion-tracking glove that will be used to play an interactive and enjoyable gardening 

video-game. This video game is designed with the purpose of fostering a stimulating and 

motivational environment for these patients.  

 

Furthermore, through this project, I wanted to work with healthcare professionals to ensure the 

continuous motivation of the patients to perform their required therapy, by taking them out of 

the rigid atmosphere of hospitals to the warmth of their homes. 

 

This capstone project was in part done to fulfill the requirements of my Bachelor’s degree at Al 

Akhawayn University in Ifrane, but also to get a practical hands-on experience of the mostly 

theoretical work studied in class. 

 

Keywords: rehabilitation robotics, data glove, stroke, flex sensors, unity, game 

development, post-stroke rehabilitation.  
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1. Introduction 

Social Context (Morocco) and Motivation 

The purpose of this capstone project is to develop a motion-tracking glove that will be used to 

provide an innovative way of conducting hand rehabilitation for stroke patients in Morocco.  

This is first based on the current state of rehabilitation in public Moroccan hospital, in which 

patients’ progress is recorded on paper-based archives, and is only monitored through health 

professionals (doctors and nurses). Furthermore, rehabilitation spaces not only lack equipment 

(with toys and prayer beads playing the main role in helping the patient exercise their hand 

movements), these places are also very grim and dull. 

According to health psychology, a person can be controlled intrinsically (motivated by their 

own autonomy) and extrinsically (controlled through rewards and punishments). This dull 

atmosphere can then be very problematic as it doesn’t help the intrinsic motivation of the 

patient, i.e. their personally and autonomous motivation in carrying out the required activities 

to complete their rehabilitation program. Intrinsic or internal motivation manifests itself when 

the following three basic needs are satisfied:  

● Autonomy: the patient’s ability in managing their own choices/behaviors 

● Competence: the patient’s actual abilities in mastering said choice  

● Relatedness: the patient feeling cared for/caring for others  

Furthermore, to contextualize the problem of stroke rehabilitation in Morocco, I first looked for 

stroke statistics online only to find out they weren't any. I then sought out official statistics from 

the Ministry of Health, and was told that a study had been started years ago but the results hadn’t 

been officially communicated to the public as it was still ongoing.  After months of back and 

forth with various doctors, I finally found a doctor who had conducted point prevalence stroke 

study in 2009. According to a point prevalence conducted by Professor Belahsen et al. in 2009, 

282 Moroccans out of 100,000 suffer and survive a stroke. While an incidence survey conducted 

by this same team has found that on average, there are 70 people suffering a stroke per day in 

Morocco. They also concluded that, in comparison with other countries, Moroccan stroke 

victims are much more heavily handicapped, while the necessary care and rehabilitation isn’t 

available to them by public health services.  
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Proposed Solution  

Based on this contextualized background, the proposed solution is to increase the intrinsic 

motivation of patients through a visually-attractive and interactive video-game, that can be 

easily played by the average patient, (therefore satisfying the autonomy and competence needs), 

but still challenging enough for the patient to see their actual progress, and can also provide a 

means to connect with other patients who, too, play this game. (Relatedness) Moreover, we 

want to provide the patients with the possibility of remote rehabilitation, as well as an option 

for multiplayer games with family and friends in future works. 

  

Methodology and Objectives 

The main goal of this project is to develop prototype for a robotic system for post-stroke 

rehabilitation that can be tested on actual stroke patients. In order to achieve this objective, my 

proposed timetable has been divided in four throughout the semester: Analysis, design, 

implementation and testing, and will use the help of various technological tools. 

First, I analyzed existing studies on rehabilitation robotics, specifically the various motivation 

techniques developed for rehabilitation of stroke victims, which use video games as well as a 

wide range of assistive robotic devices. I also interviewed and surveyed healthcare 

professionals, as well as stroke survivors to assess their needs and to contextualize the project 

within the current state of the Moroccan healthcare.  

Based on the results of this research, I then optimized the design of the soft robotic glove, while 

also developing a basic video-game/program that met the needs of the patients.  

Once the designs of both the robotic soft glove and the program/video-game were finalized, I 

began the implementation stage. Finally, when it comes the testing stage, it was a back-and-

forth between the objectives of the capstone project and the results of the research conducted 

throughout the semester to ensure that we are on the right track until the very end.  

Considering the amount of work required for the semester, I constrained my minimum subset 

of objectives to the following: making the soft robotic glove, and developing virtual assistance 

for therapy either through direct representation of visual exercises on screen or a basic gameplay 

with the glove. 

Overall, the methodology used in this project can be summarized as follow:  

● Analysis 
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● Computer-aided design of the data glove 

● Hardware implementation and assembly of data glove  

● Video-game Development  

● Interfacing Arduino and Unity 

● Results and Testing  
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2. Literature Review 

 Before getting to the heart of this project, it’s important to conduct a thorough review of the 

existing technology, as well as contextualize it within the framework of the research that has 

been done before on the topic. I approached this project as a multidisciplinary one, looking at 

it from two different perspectives:  

- Approaching game development from an intrinsic motivation/disabled lenses 

- Understanding the hand kinematics for the design of the data glove and its simulation  

For these reasons, the first section of this literature will delve into the biomedical field aspect 

of this project to understand its target audience —stroke patients in need of upper limb 

rehabilitation. This will include a discussion of the adaptation of video-game components to a 

disabled audience, and how to use these latter to further increase their intrinsic motivation vis-

à-vis the required physical therapy. This will be followed by an overview of existing 

technologies that have been applied in similar projects to guide this one in the design of the 

hardware, as well as the simulation of hand kinematics in the video-game.  

  

Biomedical Background 

For an abled-person used to using both hands, losing motor function in the hand can often 

become a major obstacle in performing everyday tasks. That is why, after a stroke, physicians 

prescribe physical therapy (see Figure 1) to relieve pain, strengthen the hand muscles in order 

to improve the mobility of the paralyzed limb and its joints —to an optimum functionality 

hopefully. [1]. Amongst the suggested rehabilitation techniques, bilateral movement training 

(flexion/extension movement of the hand fingers) has demonstrated positive results in 

enhancing the motor function of the impaired hand, due to the plasticity of the human brain. [2] 

Indeed, according to a study conducted on the neural plasticity of monkeys following a stroke, 

if the motor cortex area of their brain is affected, it could use alternative areas to overcome the 

functional ability, as “neurons that remain automatically link to the damaged site increasingly 

take up the functions of the injured areas with progress of time and with increased connectivity”. 

[2]  

While this project will be developed with stroke victims in mind, one can take advantage of the 

neural plasticity of the brain and extend its objective to other hand deformities such as fractures 

due to injuries, dislocations, rheumatoid arthritis, carpal tunnel syndrome, etc. 
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Figure 1: Various Hand Movements [1] 

 

Outside Morocco, physiotherapists use Goniometers, hand strength dynamometers, as well as 

assessment questionnaires to quantify disease progression as well as the rehabilitation process. 

Whereas in Morocco, the highly experienced and trained clinicians I interviewed, have 

informed me that the main technique of disease and rehabilitation progression used is the 

manual notes they take to quantify these metrics. 

In both cases, these are manual procedures, which are not only easily influenced by the level of 

training of health professionals but also the accuracy of the manually recorded data. 

Furthermore, “patients have to visit the clinic every time they want to check their progress, a 

time-consuming process that also raises the burden of healthcare costs”. This is a challenge that 

could can be solved through the Internet-of-Things (IoT), by providing an automated solution 

that would quantity the disease and rehabilitation progress in an accurate, digitized way that can 

be accessed by the patient and the health professionals alike. [1, 3]  

IoT is often seen as all the objects that can interact through their mutual connection to a huge 

network however, as explained through the research conducted by [3], IoT is uniquely 

identifiable by its ability to be discovered, receive and reply to messages through wireless 

networks as well as its capacity to perform basic computations —whereas its sensing and 

actuations capabilities are said to be optional characteristics. However, it has also its 

inconveniences, notably the problem of transportation and storage of Big Data [3], which will 

be tackled in the ethical section of this paper. 
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In his thesis about IoT in health-care, Janni Illegems explains that health-care providers can be 

divided into two groups: health institutions, i.e. places where healthcare is offered like hospitals, 

nursing homes, clinics, etc. and health professionals, e.g. physicians, nursing practitioners, 

kinesiotherapists, etc. He also brought up some popular problems in the European healthcare 

system (which also applies to the Moroccan one) such as the aging population, the increase in 

cost for chronic diseases, and the inefficiency administration procedures. 

As explained previously, some of these could be partially solved through the development of a 

remote health monitoring system for the patients (IoT). On one hand, it could counter the rise 

of the medical costs by reducing the need for the physical, face-to-face checkups at the doctor’s 

office: the vitals of the patients could be monitored through an app, with an emergency 

notification system. [3] In Belgium, a digital platform called eHealth did just that by giving 

stakeholders secured digital access to all health information of their patients. Furthermore, one 

can also note the apps/a web-based services for personal health records offered by Google Fit, 

Microsoft HealthVault and Healthkit (Apple), which give patients the control back on their own 

health data. 

   

Game Development  

It’s no surprise that the current state of rehabilitation isn’t the most effective and the most 

enticing to the patients. Even with the implementation of robotic devices in assisting elderly 

patients in the rehabilitation tasks, boring interfaces can cause the adverse effect wished, 

decreasing their motivation instead of helping them. Thus the need for an entertaining and 

interactive platform which combines video-game and robot-aided therapy. [4] The elderly 

and/or patients “who suffer from variations of muscular, neuromuscular and orthopedic 

impairments” isn’t the usual target audience for video-games but work, although relatively 

simplistic, has been done to include this population. 

Various research has been conducted to analyze the effects of video-games and virtual 

technology on motivation, and the results are all conclusive: there is a significant increase in 

motivation for post-stroke patients.  [5, 6, 7 & 8]  

A question one might ask, is why or how important is the motivation of a patient? 

Understandably, the greater the motivation to participate in rehabilitation tasks, the more likely 

the patient won’t be a passive subject in the task. According to [4] “motivation […is] used as a 
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determinant of rehabilitation outcome.” In terms of motivation, researchers distinguish between 

two types: intrinsic/autonomous motivation (Deci & Ryan, 1985, 2000) which focuses on 

personally relevant goals through the satisfaction of three basic needs: autonomy, competence 

and relatedness. And extrinsic/controlled motivation, which uses rewards, punishment, threat 

and external factors.  

According to [4], “most patients have extrinsic motivation to do rehabilitation, so it’s important 

to support their intrinsic motivation, which can be greatly by design features of the rehabilitation 

task that the patient is performing.” According to the kinesiotherapist whom I interviewed and 

the research I conducted, it is generally accepted that long therapy and rehabilitation sessions 

will lead to greater motor recovery. However, by acknowledging the effect of motivation (and 

thus active participation) in the therapeutic process, the effectiveness of the rehabilitation 

process can then be increased through sustained active participation. [4] Nonetheless, rare are 

the studies conducted on the relationship between gaming patterns and the motivation of the 

patients vis-à-vis the taxonomy of stroke rehabilitation. According to [4], the paper of Goude 

et al. is so far the only one to present a model for game design using the intrinsic motivation 

inventory (IMI) questionnaire.  

In general, in studies about game development used for motor rehabilitation, here’s a difficulty 

in assessing the particular feature of a game that makes it more or less suited for this. For 

example, among existing games that have been introduced as “task interfaces” in rehabilitation, 

we note: Pong (with partial success), a kitchen game, space-shooter, etc. Most of the time when 

“the motivational aspect is greatly improved; the motor requirements are suboptimal”. 

According to [9], what is needed is for “professional game developers to be involved in the 

design of the software interfaces.” 

This shows that there is a definite need for additional studies to address the design criteria which 

takes into consideration the specific requirements of motor rehabilitation as well as the 

preferences of the target users, in order for the game to “promote patient adherence.” [9]   

 Another important question that needs to be addressed is the age range of the target audience 

for this video-game. As will be discussed in the statistics, a huge portion of the stroke patients 

are in their mid-fifties to seventies, therefore the needs of the elderly should take into 

consideration as they differ from those of stroke patients, that can be seen in Table 1, from [9].  
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Criteria for Stroke Rehabilitation Criteria for Elderly Entertainment  

● Adaptability to motor skill level  

● Meaningful tasks 

● Appropriate feedback 

● Therapy-Appropriate Range-of-Motion 

(ROM) 

● Focus diverted from exercise 

● Appropriate cognitive challenge 

● Simple objective/interface 

● Motivational Feedback 

● Element of social activity 

● Appropriateness of genre  

● Creation of new learning following 

guidelines of experts 

● Sensitivity to decreased sensory acuity 

and slower responses 

Table 1: Gaming design criteria for stroke rehabilitation programs serving elderly users [9] 

 

As explained in [9], “Players [prefer] games with objectives requiring higher-order thinking 

skills and creative problem solving.” However, poring over multiple researches conducted on 

game development in the field of rehabilitation, I found that adaptability was a word that kept 

coming up a lot. Indeed, when it comes to stroke patients it’s important that the level of 

difficulty in the gameplay challenges them, however this needs to be optimized for a patient 

population. In other words, it needs to be raised and decreased based on the changes of their 

motor skills over time. After all, the motor capabilities and comprehension skills are different 

for healthy subjects and stroke patients. This is an aspect that has been tackled in various 

rehabilitation and cognitive training games through a technique termed Dynamic Difficulty 

Adjustment (DDA).  

As explained in [11], DDA is a balancing process. It dynamically modulates the system of a 

game in response to the abilities of the player over the course of the gameplay, and generally 

through two functions: an evaluation function, and an adjustment one. As the name explains it, 

the first one evaluates how well the patient performs at a specific game task based on a specific 

criterion, while the second applies to the necessary changes (i.e. changing the level of difficulty) 

to the game world based on the results of the evaluation function. [11] These changes thus target 

the core game mechanics: visual elements, sound feedback, in-game rewards, character 

customization, haptic feedback, etc.  
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Since my project is mainly concerned with the changes applied to the visual feedback of 

“serious” games (i.e. games used for rehabilitation, education, and training), I took it upon 

myself to learn about how DDA operates in that area.  

Visual elements are very important in the gaming community. Any form of visual monotony is 

not only frowned upon, but could easily lead to the downfall of any game (no matter the quality 

of its game mechanics). Graphics are after all the primary output interface through which users 

interact with the game, and not to mention from which they derive sensory pleasure (see the 

recent obsession with high resolution, 4K video-games). In the case of this project, there are 

two main concern with visual elements, first there is the decreased sensory acuity of the stroke 

patients, secondly there is their impact on the task motivation of the patients. Concerning the 

latter, according to [11], while visual variety increase their motivation, restricting the DDA to 

enhancing the visuals only has no significant impact on the user performance. Another way of 

using DDA in the visual aspect of the gameplay is through scenario adaptation. In other words, 

dynamic changes to the game environment based on criterion functions.  

While on paper, DDA sounds like the perfect solution to the problem of matching the stroke 

patient’s skill to the game difficulty, in practice it’s another story. The idea behind DDA is that 

the relationship between increasing task difficulty and motivation is not only linear, but is sure 

to boost the user performance. However, that is not always the case. For this theory to work, it 

demands first that the two complementary functions used in DDA work with a high level of 

accuracy —which isn’t the case. Secondly, it ignores the fact that in a scenario where a highly-

skilled user spends a while playing a video-game which constantly raises the level of difficulty 

to match their expertise, this will quickly become tiring and cause irritation/displeasure. [10] 

According to the Intrinsic motivation theory (Malone, 1980), the most important elements that 

make game-playing fun and engaging are: “challenge, fantasy, control, curiosity, cooperation, 

recognition, and competition.” [9] Other aspects that need to be given careful attention in the 

game design and which were mentioned in numerous papers include the meaningfulness of the 

tasks in the game, (so that the patient can see a direct correlation between the use of their 

affected limb and their everyday activities), a therapy appropriate range- of-motion (ROM) 

(which is the extent at which the game meets the demands of proper rehabilitation programs). 

[10] In addition to these, we note that the complexity of the visual and haptic output of the game 

must be at a relatively low level in order not to confuse the patients with too much information 

and interactions with the environment, either with busy images or overwhelming tactile 
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feedback. Moreover, a study suggests that music can be used to “prevent significant increase in 

subjective anxiety, heart rate and systolic blood pressure”, therefore a calming background 

melody could be incorporated in the rehabilitation game in order to put the patients at ease and 

increase active participation.  

An another important aspect of video-games in the rehabilitation field is the performance 

tracking. In the bottle game in [9], the user receives points each time they successfully complete 

one of the game tasks, making it easier to track their progress within the game world. However, 

for a rehab patient, these metrics are not always accurate or representative of their performance, 

either in the game or within the proper rehabilitation standards. A proposed system adds 

“biomechanical measurements in order to estimate the higher difficulty would be optimal for 

the subject, and then the parameters of the scenario are changed accordingly.” This takes DDA 

one step further, from in-game metrics to real-life biomedical ones.  

If one was to summarize the factors to take into consideration in the design of a rehabilitation 

game, they could be put into two categories: effectiveness and attractiveness. [11] The first 

measures the functionality of the final product measured against the desired outcome for which 

it was designed. The second measures how aesthetically pleasing and enjoyable the game is to 

the patients.  

 

Rehabilitation Robotics  

As explained previously, a lot of the interfaces developed for rehabilitation are not designed 

with the aim of entertainment, making it hard for patients to actively participate in the often 

repetitive, monotone tasks in a motivated manner. [4] Nonetheless, I looked into existing robotic 

systems that were developed with the purpose of being assistive robotic device that support the 

arm and the hand in rehabilitation programs, many of which also provide assistance during 

exercises, notably:  

- MIT-Manus [8] 

- Gentle/s system [2, 14] 

- ARMIn [18] 

- CADEN-7[4] 

- MIME [3] 

- T-WREX [2] 
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Furthermore, according to the study conducted in [1], which analyses strengths and weaknesses 

of “various wearable technologies that can be used to accurately quantify the rehabilitation 

progress in terms of fingers' hand joint angles”, one can differentiate between six types of 

wearable technologies: flex sensor based, accelerometer based, vision based, hall-effect based, 

stretch sensor based, and magnetic sensor based.  

  

1) Flex Sensor Based 

This technology relies on passive resistive bend sensors, commonly called analog sensors, 

which are usually sewn onto a stretchable glove. They track the movement of hand joints 

through angles of deflection, and the proportional change in the resistance values of the 

sensors. Flex sensors are the most widely used method in designing motion-tracking data 

glove. There are two types: conductive ink or fiber-optic technologies. [1] 

Using flex sensors, Gallo et al. [12] proposed a low cost portable user interface for 3D 

visualization and manipulation of a medical image in semi-immersive virtual environment, 

which helps the radiologists in the understanding of the shape and position in the 

understanding of the shape and position of the anatomical structures. This interface was 

called the DG5 VHand 2.0 Data glove. It incorporated one bend flex sensor on each finger, 

an accelerometer for hand movement sensing and hand orientation deduction along the 3 

main axes. While Zimmerman et al. [13] proposed a hand to machine interface device: a 

glove which uses analog flex sensors for measuring the finger bend, ultrasonics to measure 

the hand’s position and orientation. This glove is used to capture the daily routine 

rehabilitation activities performed away from the clinical sites. On another hand, Zhang et 

al. [14] developed a low cost viable rehabilitation system for hand motion using the 

augmented reality (AR) technology. Finally, PneuGlove [15] is used for rehabilitation after 

a stroke. It uses Flexpoint sensors for measuring the joint kinematics and thus is used for 

training of the grasp-and-release movements in a virtual reality environment. 

2) Accelerometer Based  

Much like flex sensors, accelerometers are embedded on a glove and calibrated for accurate 

readings of hand joint movements of the patients. [1] 

3) Vision Based 
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Using visual elements like different colors, this glove is designed with gesture recognition 

algorithms in mind, in order for the camera to be able to track finger bends. [1] 

4) Hall-effect Based 

A glove in which “hall-effect sensors are used to accurately measure the flexion/extension 

and abduction-abduction.” [1] 

5) Stretch Sensor Based 

This technology employ stretching sensors, and uses their deformation i.e. stretching and 

squeezing, to provide the accurate measurement of the hand and fingers’ motion and joint 

movements. [1] 

6) Magnetic sensor based 

This technology utilizes magnetic field sensors to track the position and orientation of the 

hand and fingers’ joint movements. 
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3. STEEPLE Analysis 

While working on this data glove, it became clear it was important to account for the various 

issues and aspects that arise from the multidisciplinarity of the project, from the early designs 

to the final implementation of the biomedical technology (See Figure 2). 

 

 
Figure 2: STEEPLE Analysis of the project 
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1. Societal: 

Through this project, I wanted to raise awareness to the current state of rehabilitation/care for 

stroke victims in Morocco, especially with regards to the lack of studies and research conducted 

on the topic (this latter explains the struggle I encountered when looking for statistics). This 

motivated me to propose a re-imagination of rehabilitation and healthcare in Morocco through 

the promotion of new techniques that put stroke victims/patients at the center of their 

rehabilitation, and help them through assistive devices, as well as better/close monitoring of 

patients’ progress through a continuous data sharing system.  
 

2. Technological 

In Morocco, existing assistive devices used in the medical field, specifically rehabilitation, are 

prosthetics. Whereas North-America and Europe have seen continuous advances in the field of 

robotics, which inspired me to build up on these technologies to bring it to the Moroccan 

healthcare through the design of a data glove, with the use of flex sensors and an Arduino Uno 

for accurate simulation of a 3D model of a hand, with the use a video game to help stroke 

victims regain motor function in their hand (fingers and wrists).  

Furthermore, this project uses a multidisciplinary mechatronic system:  

● Video-game (Output System)  

● Hand kinematics 

● Multiple software: Blender, MATLAB, and Unity 

● Flex sensors (Input system)  
 

3. Environmental 

Throughout the development of this project, I did my best to weigh the traditional options and 

how ecological they all are, to provide an environmentally-friendly system for hand 

rehabilitation for stroke victims.  This promotion of green electronics was evaluated following 

these criteria:  

● Longevity of data glove system 

● Zero emission system 

● No impact on environment  
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4. Ethical 

Ethics and reliability of the data glove system were an important factor in the development of 

this project. As I was surveying the patients and health professionals on various rehabilitation 

techniques, I also inquired their opinion on the close monitoring of the patients’ progress, as I 

felt a responsibility towards the medical field and the patients’ privacy.  

5. Political 

Politically, I would say that Morocco needs to catch up on rehabilitation robotics by reducing 

external import of technological advances, and invest in a locally-made technological system 

instead. In addition to this, there is a need for the promotion of better health-care and better 

accommodations for disabled people in Morocco.  

Finally, this data glove system can be presented as a government-approved technology to be 

used for rehabilitation in University Hospital Centers (CHU), through the Ministry of Health. 

6. Legal 

I made sure to the best of my ability that this project respects the legal implications for patients 

and health professionals, with regards to the use of such technology and monitoring of patient’s 

progress.  

Furthermore, I wanted to help health professionals and hospitals uphold laws and respect legal 

implications of unforeseen occurrences.  

7. Economical 

Economically speaking, this project provides a cheap, yet advanced alternative to the current 

rehabilitation techniques used in public hospitals. In addition, this also allows us to study 

patients’ attitudes and satisfaction with regards to the proposed technology/system.  
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4. Biomedical Background: Stroke and rehabilitation in 

Morocco  

Moroccan Statistics  

According to the World Health Organization (WHO), a stroke (or a cerebrovascular accident) 

is defined as the sudden death of brain cells due to a lack of oxygen, which can be explained 

through a blood flow blockage or the rupture of an artery to the brain. There are two types: 

ischemic stroke and hemorrhagic stroke. It is considered to be a global health issue, with 

statistics showing that it’s the second leading cause of death worldwide, as well as the leading 

cause of disability for adults in both developing and developed countries. [16] 

Furthermore, to contextualize the problem of stroke rehabilitation in Morocco, I first looked for 

stroke statistics online only to find out they weren't any. It is relatively easy to get statistics 

about developing countries, however when it comes to Morocco, after a thorough research, it 

became clear that it would be hard to find anything (As it is the case for developing countries, 

in general). Thus, I tried contacting the Ministry of Health to investigate whether or not any 

studies had been done in the first place. I was informed that there was an ongoing study on 

stroke patients, however none of the information about it had been disclosed to the public yet.  

A health professional suggested I take a look at medical students’ theses, as some of them 

conduct their own investigation to gather the necessary data/statistics to complement their work. 

After months of back and forth with various doctors, I found a doctor who had conducted a 

research on the subject in 2009.  I met Dr. Faouzi Belahsen, a neurologist who had conducted, 

with his colleagues and under the supervision of the Ministry of Health, WHO and the Higher 

Planning Commission in Morocco (le Haut-Commissariat Au Plan or HCP), a point prevalence 

study and an incidence survey on stroke patients in Morocco —the first and only research done 

on the topic in the country, and he was kind enough to send me the results of this study.  

According to this research, North Africa is now facing an epidemiological transition, as the life 

expectancy rises and the population adopts a lifestyle associated with chronic diseases, thus 

increasing risk factors that lead to cerebrovascular accidents. WHO estimates that in 2008, 214 

out of 100,000 Moroccans aged 30-70 died due to cardiovascular diseases and diabetes. As the 

research conducted by Dr. Belahsen and his colleagues later explains, these latter are among the 

risk factors for stroke (such as smoking, high blood pressure/hypertension, artery diseases, etc.).  
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A point prevalence study (or cross-sectional study) is a type of study or analysis that measures 

the weight of a disease in a representative subset of the population at a specific point in time. 

[17]  

The representability of the cross-sectional data used for Dr. Belahsen’s point prevalence study 

was verified by the HCP, in terms of their socio-economic status (SES) as well as their gender 

and age.  

The results showed that on average 292 Moroccans out of 100,000 suffer and survive a stroke, 

and this prevalence increases:  

Ø  with age (75 years-old and higher) 

o More severe cases in patients aged +65 years-old 

o Strokes are rare in younger people (only 6% of stroke patients < 45 years-old)  

Ø  in rural areas  

Ø the lower the educational level 

Ø the lower the income 

Another important factor: stroke prevalence with disabilities (SEGI): Morocco has a similar 

disability prevalence in stroke victims to that of New Zealand even though this latter’s global 

stroke prevalence is three-time greater than Morocco’s. In other words, Moroccan stroke 

victims are left much more heavily handicapped, in comparison with other countries.  

In addition to the prevalence study, Dr. Belahsen and his colleagues conducted an incidence 

stroke study, which can be defined as the probability of occurrence of a stroke in the Moroccans 

under this study in a specified amount of time. The results show that 106 out of 100,000 citizens 

are likely to get a stroke in their lifetime, in other words 25,000 cases per year. This incidence 

is also higher in rural areas compared to urban areas, and increases with age (+55 years old).  

These numbers show that cerebrovascular accidents are not only frequent in Morocco 

(especially in rural areas) but also severe, with 30,000 cases suffering from permanent 

neurological disabilities. The incidence survey also found that there are 70 people suffering a 

stroke per day in Morocco.  

Current State of Healthcare in Morocco 

According to a research conducted in [2], “[... the] first three months following stroke very 

vital for planning treatment modalities to restore the functions of the affected site in stroke 

patients.” However, out of all the Moroccan patients interviewed in the study conducted by 
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Dr. Belahsen et al., only 36% were hospitalized. Furthermore, out of the 25,000 patients who 

will get stroke each year:  

- ¼ will die within the first year. This is explained by the severity of the stroke in 

Moroccan citizens: there’s a lack of infrastructure in health facilities, which means that 

the necessary care and rehabilitation isn’t available to them by public health services.  

- only ⅓ of these patients were hospitalized in a clinical or health facility and could access 

the appropriate/adequate care.  

Dr. Belahsen et al.’s study also emphasizes the need for the development of appropriate 

rehabilitation and re-adaptation structures and the training of health professionals. 

Interviews and Surveys  

Interview 
I first interviewed a kinesiotherapist, Dr. Aicha, on the current state of rehabilitation in 

Morocco, specifically in the Centre Hospital Universitaire (CHU) Ibn Sina in Rabat.  According 

to her, a stroke patient needs to practice rehabilitation exercises every day if they can afford it 

—cheapest rehabilitation/therapy you can get in Morocco is 100 MAD per one hour long 

session. However, since it’s almost never the case, physicians resort to prescribing three 

sessions per week, sometimes even less. Dr. Aicha stressed on how bad this was for their 

rehabilitation and the chances they had at regaining full motor activity in their disabled limbs.  

When asked about the number of patients admitted in the hospital, she informed that they 

usually were pretty low (two to three maximum and at the time of the interview, there was only 

one).   

She also explained to me that the techniques used during rehabilitation in this hospital were 

traditional and primitive, notably practicing ergo-therapy with kids’ toys, prayer beads, knitting 

needles, etc. She also had never heard of any robotic support used in public hospitals, nor in 

private clinics.  

She mentioned that the goal was that the patient would continue their rehabilitation after they 

go back home: auto-rehabilitation, so that they become autonomous. Another problem that she 

pointed out came from a cultural standpoint in Morocco: bed rest for sickly members of the 

family, especially the elderly —which does not help patients in need of rehabilitation.  

 Amongst the many needed changes in stroke rehabilitation according to Dr. Aicha, she 

mentioned the following:  
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- Support groups (provide emotional support, safe spaces, practicing together, etc.) 

- Immersive and interactive robotic assistance  

- Digitization of archives and patients’ files.  

Patient Surveys 
From the start I wanted to approach this project with a holistic perspective on rehabilitation and 

healthcare: by looking at the patient as a whole, instead of just the diseased limb that needed to 

be treated. Which is why, I conducted a survey to monitor the intrinsic motivation of patients 

in a public hospital in Rabat (CHU Ibn Sina). I based my questions on the Intrinsic Motivation 

Inventory (IMI) as well as the suggestions of a kinesiotherapist (See Appendix A) I asked the 

physicians to assess the feelings of 30 patients about the rehabilitation exercises they had just 

completed, by asking them to rate 15 statement on a scale from 1 to 7, with 1 signifying they 

didn’t agree with it and 7 meaning they strongly agreed.  

For example, they were asked if they enjoyed the physical activity practiced during the 

rehabilitation exercise the answers averaged to 4.4, a relatively low rate. (see Figure 3) A similar 

result of 4.6 was obtained when asked if they were personally motivated to practice this 

rehabilitation program, as can be observed on Figure 4. However, their answers averaged to 5.2 

when confronted with the statement “it was important for me to succeed in finishing this 

rehabilitation exercise”. While this result isn’t very high, it shows that a lot of these patients are 

personally motivated to actively participate in these tasks.  

 
Figure 3: Answers to statement 1 “I enjoyed the rehabilitation exercises” 
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Figure 4: Answers to statement 11 

 
Figure 5: Answers to statement 8 

 
Although the mean of the results wasn’t very telling, as most answers averaged in the 4’s and 

5, I was surprised see that many 7’s in the answers, which I think can be explained by two 

different reasons. First, it could stem from the bias I developed after my interviews (both formal 

and informal) with many physicians, while on another hand could also be explained by the bias 

of the health professionals in translating the French questions to their mostly Darija-speaking 

patients. 

Overall, I think this tells us that Moroccan stroke patients are often underestimated and that no 

matter how primitive the rehabilitation techniques are, there is a potential for a motivated active 

participation from them.  
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5. Biomechanics and Study of Kinematics of Hand Motions 

The human body is one the most complex structures in the universe. That is why in order to 

model the articulations and movement of the fingers for the data glove, the kinematic structure 

of the hand and the highly complex joints needed be taken into consideration. [2]  

In order to understand the kinematics of hand joints, I first watched a lecture titled “Hand 

Kinematics” given at the Siena Robotics and Systems Lab (commonly abbreviated SIRSLab). 

The lecturer started by breaking down the different parts of the hand: palm (base), the fingers 

(serial kinematics) which are composed of links and are connected by joints. Then she 

introduced the concept of a degree of freedom, which essentially is the number of independent 

movement a joint has. [18] 

In the kinematics of the fingers, we only consider joints that leave one degree of freedom (DoF) 

between links they connect. We also differentiate between two types of one DoF joints: revolute 

joints, for which q (the parameter that describes the motion of the joint) would be a rotation, 

and the prismatic joint, for which q would be a translation/distance.  

In order to evaluate the movements of these kinematics, we can collect these parameters as 

vectors, e.g.: q = [q1, q2, q3, …, qn]. Then, by evaluating the twist of each contact point with 

respect to the hand, we define the relationship between the twist of each contact point as a 

function of the velocities out of the point. [18, 24] 

While the lecture gets a little denser after a while, it allowed me to understand the basics of 

kinematics, and the need to assess the numbers of DoFs in the hand in order to accurately 

describe its movements and simulate them on the video-game.  
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Figure 6: DoFs in a kinematic model of hand 

In [2], accurate kinematic model for the hand has 27 DoFs. (See Figure 6) Each of the four 

fingers has four DoFs, the metacarpophalangeal (MCP) joint has two DoFs due to flexion and 

abduction. The thumb has a different structure from the other four fingers and has five degrees 

of freedom. Fingers together have 21 DoFs. The remaining 6 are from the rotational and 

translational motion of the palm with 3 DoFs each.  

 

Human Hand Finger Motions 

 The basic flexion/extension and abduction/adduction of the thumb and fingers are performed 

by the articulation of the 21 DoFs just described, as can be seen in Figure 1. The 

flexion/extension motions are used to describe rotations toward and away from the palm, which 

occur at every joint within the hand. While abduction is the movement of separation (e.g. 

spreading fingers apart). The adduction motion is the movement of approximation (e.g. folding 

fingers together). For the thumb movements, it abducts and adducts in a plane perpendicular to 

the palm and the flexes and extends in a plane parallel to the palm. 

After a brief study of the hand’s anatomy, its kinematical structures, as well as its constraints 

(DoFs), it becomes clear that the final design needs to take into consideration all of this in order 

for it to be fully operational and optimal. Specifically, it should easy to operate, allowing finger 

flexion and extension motions. For this same reason, the system shouldn’t be heavy and should 
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allow the stroke patient to move their finger and hands freely in order to maximize their 

enjoyment of the video-game. [2] 
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6. Hand Modeling: Computer-Aided Design of Hand 

After studying the hand kinematics structure of the hand, I moved on to the 3D modeling of the 

hand for the simulation system on the video-game.   

MakeHuman 

First, I downloaded MakeHuman, an open-source 3D graphics software which facilitates the 

realistic modeling of humanoids. Using this software, I prototyped an average genderless 

human-like model, as can be seen in the following Figures 7, 8, 9 and 10. 

 
Figure 7:Genderless Humanoid Model 
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Figure 8: Genderless Humanoid Model 

As can be seen in Figure 8, I enhanced the hand muscles in order for them to look as aesthetically 

pleasing as possible, and also to make easier to add the armature during the rigging process.  

 

 
Figure 9: Genderless Humanoid Model 
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Figure 10: Genderless Humanoid Model 

MATLAB 

After having studied the kinematical structure of the hand and finger joints, I wanted to find a 

way to simulate accurate motions in order to further study them for the rigging of the 3D 

modeled hand on the Blender software. Through the lectures on hand kinematics offered by 

Siena Robotics and Systems Lab, I found SynGrasp, which is described as a “MATLAB toolbox 

for the analysis of grasping, suitable for the simulation of robotic and human hands.” [19] 

 
Figure 11: SynGrasp Screenshot of a hand grasping a ball on MATLAB 
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Blender 

After a thorough study of the movement of finger through hand kinematics, it was time to use 

export the MakeHuman model to Blender, an open-source 3D software which supports “the 

entirety of the 3D pipeline—modeling, rigging, animation, simulation, rendering, compositing 

and motion tracking, even video editing and game creation” [20]. To do so, I needed to 

download the MXH2 importer add-on on Blender in order for the MakeHuman extension 

(.mhx2) to be compatible with Blender and not lose the realism of the humanoid model. Once 

that was done, then began the editing process of the humanoid model. I got rid of all the body 

parts except the arms and hands, as can be shown in the process shown in the Figures 12 to 19.  

 

 
Figure 12: Editing of the MakeHuman Model on Blender 
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Figure 13: Editing of the MakeHuman Model on Blender 

 
Figure 14: Editing of the MakeHuman Model on Blender 
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Figure 15: Editing of the MakeHuman Model on Blender 

 
Figure 16: Editing of the MakeHuman Model on Blender 
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Figure 17: Editing of the MakeHuman Model on Blender 

 
Figure 18: Editing of the MakeHuman Model on Blender 
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Figure 19: Editing of the MakeHuman Model on Blender 

Once that was done, it was time for the rigging of the 3D hand models. Rigging can be explained 

as the process of adding bones, joints and armature in order to allow the animator to manipulate 

the model (in this case, the hand and its fingers) however they want. This process can be 

demonstrated through the Figures 20 through 24.  

 

 
Figure 20: Rigging Process on Blender 
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Figure 21: Rigging Process on Blender 

 
Figure 22: Rigging Process on Blender 
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Figure 23: Rigging Process on Blender 

 
Figure 24: Rigging Process on Blender 
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Figure 25: Recording the Animations for the Hand and Finger Movements 

 

Hardware: Data Glove 

Design Phase (Alternatives Considered) 

While working on the modeling of the 3D hands on Blender, I also applied the hand kinematics 

knowledge I had amassed to good practice, which is why I was also working on the hardware 

in parallel. I brainstormed different alternatives for the glove design, evaluating the different 

technologies that had been applied in existing wearable technologies in the tracking of hand 

joints motions with my supervisor Professor Lghoul. We agreed upon using Flex sensors, as 

they offered a balanced cost-performance, since a thorough literature review praised the data 

they provided, and they were relatively affordable (see Table 4 in Financial Analysis).  

At first, I attempted to make my own homemade Flex sensors by following a tutorial online, 

however the sensors obtained gave me unreliable readings each time I tested them, therefore I 

opted for the expensive approach and ordered the manufactured ones from SparkFun (which 

assured the buyers that these Flex sensors are similar to the fibrotic sensors used in the original 

Nintendo Power Glove), and waited two weeks for them to arrive. (See Figure 26 and 28) [21] 
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Figure 26: Flex Sensor 4.5" 

Once I settled on the sensors, I moved on to choosing between using a microcontroller like the 

Arduino UNO, or credit-card sized computer like the Raspberry Pi 3 for the readings of the flex 

sensors. Having no knowledge about Raspberry Pi, Professor Lghoul suggested I start with the 

Arduino and decide later if it’d be worth it to move to the Raspberry Pi 3 —which at the end 

we decided wouldn’t be the case, after interfacing the game-engine Unity with the Arduino 

Uno. [25] 

Afterwards, when I received the flex sensors started the testing and prototyping phase of the 

project, and the decision of the circuit to use in the final design of the data glove. This will be 

detailed in the third section, but first I provide the hardware specifications.  
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Hardware Specifications: 

Sr No Quantity Hardware Specifications 

1 05 Flex Sensor ● Spectra Symbol SEN-08606 

● Flat Resistance:  10K Ohms ±30% 

● Life Cycle: >1 million 

● Temperature Range:  -35°C to +80°C  

2 01 Arduino UNO R3 ● Microcontroller: Microchip ATmega328P 

● 14 Digital I/O Pins 

● 6 Analog Inputs 

● Operating Voltage: 5 volts 

● 16 MHz clock 

 

Table 2: Hardware Specifications 

                  
Figure 27: Arduino UNO R3     Figure 28: Flex Sensor 4.5” 

  

While, the flex sensors were the optimal solution for the data glove, due to their market 

accessibility and availability, in addition to their suitability for measuring a wide range of 

motions for hand joints due to “their ease of placement on a glove”, they also present some 

disadvantages. [1]  
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As can be seen in Table 2, they do have a large life cycle however this can be easily depleted 

due to a problem of repeatability in the calibration of their readings, which not only decrease 

their life expectancy but also their accuracy over time.  

Furthermore, their calibration can be quite difficult as we will see in detail the video-game 

section of this paper. [6] suggests a calibration system, which uses “two sets of values were 

defined for calibration: one from the user's hand fully opened and another of hand fully closed. 

[…] Thus we used the variation of the sensor to a multiplicative constant movement of each 

finger of the virtual hand. The calibration proposal allowed a more realistic movement and 

adaptation to the movement of each user.” 

 Finally, these sensors can only measure bending angles with one DoF, which restricts their 

accuracy of the hand motions. [1] 

 

Prototyping and Testing 

At first, I performed a series of rapid tests in order to get hang of the flex sensors, with the 

help of one flex sensor, the Arduino UNO and a breadboard (See Figure 29)  

 
Figure 29: Circuit for basic testing 

 
 
 

 

 
Having minimum knowledge about flex sensor at this point in time, I opted for an open-source 

code on the website from which I ordered the sensors, Sparkfun (See Appendix C, 1). I ran the 

code on the Arduino IDE and obtained bending angles degrees and resistance values.  

Afterwards, I tried a new circuit with two sensors in order to check the values for the resistance. 

Using the same code worked but I wanted the resistance values to be higher, as I thought it 

would provide better accuracy of the sensors’ readings.  
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I later on realized that in order for me to be able to have a working circuit with five sensors I 

would need to transition from a non-soldering breadboard to a soldering one. While on the 

lookout for one, I used electric tape and twisted the wires to make-do.  

 
Figure 30: Prototyping PCB Breadboard 

 

Once I purchased the required prototyping breadboard (See Figure 31), I moved onto the testing 

phase on a healthy subject, with a first prototype using the circuit in Figure 32.  
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Figure 31: Circuit for Five Flex Sensors and an Arduino UNO 

 

 
Figure 32: First Prototype used on Healthy Subject 

 

I performed 3 tests for each finger, and 3 others for the whole hand. Each test was for a specific 

state: hand relaxed, flexed inwards, and extended. The resulting resistances were all recorded 

in Table 3.  

Finger Relaxed Flexed  Extended  

Index  9 - 10  5 - 6 17-13 

Middle finger 9 - 10  7 10 

Annular 9 - 10  5 - 6 11-12 

Pinky 12-13 5 - 6 16 

Thumb  12-13 5 22 

Whole hand  9 - 10  4 - 5 21 
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Table 3: Prototype 1 Test Result 

 

 
Figure 33: Second Prototype 

 
 
Afterwards, I soldered the flex sensors to the final circuit and put them on a temporary glove, 

that ended up being too large for me to get accurate readings from the Arduino code (See Figure 

33). Which is why I bought a new smaller pair (See Figure 34) and I tried using the same 

technique I used for the second prototype (cutting small holes where the joints of each fingers 

would be in order to facilitate the bending of the flex sensors), but the material of this new glove 

turned to be frailer and more delicate than the previous one, thus it ripped easily. So for the final 

prototype, I used the same type of glove, but instead I sewed the flex on top of the glove while 

making sure it didn’t restrain the movement of the hands, especially extension and flexion of 

the fingers. (See Figure 35) 
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Figure 34:  Third Prototype 

 

 
Figure 35: Final Prototype 
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7. Software: Video-Game 

For the development of the video-game, I opted to use Unity 3D, a cross-platform game engine 

which uses C# and JavaScript to develop video-games, and which I was already familiar with 

thanks to my internship last year. I further conducted research on the game development in the 

rehabilitation field and learnt that this was the main software used for the programming of their 

video-games.  

Once I settled for Unity, I started brainstormed ideas for the video-game of this project. I wanted 

the game to be as interactive as possible, while also providing a relaxing environment for the 

patients/users. I had three main ideas: a basic gardening game in which the player can interact 

and walk around in a green environment. Another one was a musically themed game in which 

the player can mess around on a piano, and my third idea was a 3D painting game in which the 

user can paint and draw on a blank canvas with their hands/fingers. [23] 

After a long back-and-forth with Professor Lghoul, kinesiotherapists and other physicians, I 

settled for the basic gardening game and started looking for a way to put all the components 

together. A thorough look into the assets (which can be defined as any image, audio, or other 

representation of items in Unity) available on the Unity Store taught me that I had no way of 

making my dream garden happen. Instead, I used open-source, free assets developed for a 

survival first-person shooting game (See Figures 36, 37, & 38) 

 
Figure 36: Environment Setup 
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Figure 37: Forest environment setup 

 
Figure 38: Forest setup from Main Camera 

 

Afterwards, I exported the 3D Blender hand model to Unity. This part was an experience in trial 

and errors as I soon realized first that the realism of the model was lost as the extension file 

would change from (.mhx2) to (.fbx). This was solved through another Unity add-on installed 

from the console of the computer. (See Figures 39 and 40) 
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Figure 39: Screenshot of First-person Camera Gameplay 

 
Figure 40: Blender hand models exported onto the Unity scene 
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In order to use the hand/finger movements in the video-game, I could go about it two different 

ways: I could use the armature and joints I had rigged into the 3D hand model, or I could record 

all the animations for basic hand/finger motions (opening/closing hands, and various finger 

movements), export them as videos to Unity and hard code them to play when specific readings 

of the flex sensors would match the desired motion. [25] (See Figure 41) While this second 

option wasn’t the most optimal time-saving one, it turned out to be the only one that worked, 

as I encountered many issues with Blender when I tried to use the armature/joints rigged onto 

the hand.  
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Figure 41: Arduino-Unity Interfacing Algorithm 
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Figure 42: Unity in-Game Algorithm 
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8. Testing: Interfacing Data Glove with Unity 

In order to check that the communication was established between the data glove and the video-

game, I tested it through various C# script scripts and Arduino codes on Unity and Arduino, 

respectively. First, I used a basic C# script which moved a 3dDcube from left to right if it read 

positive values from the flex sensors (See Appendix C, 3a and Figure 41) Afterwards, I wrote 

a basic C# script that read values from the flex sensors (through the Arduino IDE), and triggered 

an animation that played only when certain values were obtained (See Appendix C, 3b and 3c).  

 

 

 
Figure 43: 3D Cube that moves using the Arduino Flex Sensor Reading 

 

Finally, a final C# script written for Unity reads the values from the Arduino file, which come 

from the flex sensors (See Appendix C, 3d), checks the calibration of the flex sensors, this 

process is repeated for each frame (Update function). [25] If the readings from the sensors match 

that of a healthy subject’s hand movements, then the corresponding animation is played, 

otherwise it keeps checking the data sent from Arduino to Unity (See Figures 41 and 42) While 

the game is playing, a Performance Tracker script (Appendix C, 3e) on Unity writes a text file 

with the data of the hand, compute a standard deviation of these values from that of a healthy 

subject, then saves it on the desktop or the folder of the Unity project.  
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Figure 44: Arduino-Unity Interfacing Algorithm 
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Figure 45: Wearable Glove System 
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9. Financial Analysis  

Sr No Quantity Hardware Price 

1 05 Flex Sensor 22,46€ x5 

2 01 Arduino UNO R3 20,00€ 

 

3 01 Lycra Glove 9,00€ 

 

4 01 USB 2.0 Cable Type A/B 2.49€ 

5 01 Prototyping PCB Breadboard 1.41€ 

 

6 05 200 Ohms Resistor 0.027€ 

7 - Electric Tape 0.89€ 

8 - Wires - 

Table 4: Bill of Materials 

 
In total, this project cost: 146.117€ = 1580.28 MAD 

 

While this can be considered expensive for the average stroke patient, given that the statistics 

show that most of them come from rural areas, one can make this product cheaper by using 

hand-made flex sensors instead of manufactured ones, however the drawback lies in the lack of 

accuracy in the readings of the sensors. Broadly speaking, if this was a device that could the 
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Ministry of Health invested in and provided as a rent-a-day option for the patients, I think there 

would a potential for profit.  
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10. Ethical Considerations  

While working on this project, there were two ethical issues that kept popping up in discussions 

I had with other students as well as the health professionals that I had interviewed. First there 

was the issue of the data storage for the performance tracking of the patients, and secondly one 

must consider addressing the problem of disability in Morocco, while myself being an able-

bodied person who enjoys many privileges.  

 

Data Storage and Sharing 

When it comes to the performance tracking of the patients, one cannot help but think of Big 

Data. Whether this information will be stored in huge amounts in a centralized database or 

transported from various sources and locations over a network, there’s this issue of privacy on 

one hand, and the measure of security that need to be taken in order to protect the livelihood of 

these patients. Many health professionals I spoke to expressed their unease at the idea of 

hospitals or governments having the responsibility of guarding so much data. 

 

Disability from an Able perspective: Standpoint Etymology  

As an abled-person, I benefit from multiple privileges —especially in Morocco, a country in 

which disabled rights seem to be forsaken and left aside.  

When I conducted my interviews with health professionals (physicians, nursing practitioners, 

etc.), a word that kept popping up every now and then was “burden”.  They weren’t shy about 

expressing that they thought that stroke patients, newly disabled, would be a burden on 

society, both socially and economically. In order words, their productivity was easily valued 

over their humanity.  

It is true that disability can also affect the livelihood of stroke patients: for example, according 

to [22], 50% of people suffering from rheumatoid arthritis lose their jobs within the first five 

years. A hypothesis that is known in the field of health psychology as social selection, which 

explains that better health improves the income and SES of the individual.  
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11. Research and Multidisciplinarity  

From the beginning of this project until the very last modifications, multidisciplinary research 

was a key component in making it happen. Starting with a thorough literature review of the 

existing wearable technologies used in rehabilitation robotics, in order to grasp the challenges 

that had been met before and the solutions proposed. When it comes to the biomedical aspect 

of the project, it influenced every key part, as I had to first familiarize myself with the 

cerebrovascular accidents, how they affect limb disability, as well as the rehabilitation 

techniques used in the training of upper-limb motor functions. In addition to this, I delved into 

the field of health psychology by poring over multiple documents on intrinsic motivation and 

the role of game development in post-stroke upper limb rehabilitation. Finally, I put all my 

engineering and computer-science skills acquired during my academic curriculum in AUI to 

good use through the development of the video-game and the making of the soft data glove.  
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12. Conclusions and Future Work 

The principal goal of this capstone project was to provide a more motivating alternative for 

Moroccan stroke patients to perform their rehabilitation program, through a hardware 

component (the soft motion-tracking data glove) and a software component (a gardening video-

game). While at times, juggling all aspects of this project proved to be challenging, this was a 

rewarding experience which taught me a lot about research and investigation.  

 

In terms of future works, there are many aspects which I think can still be improved upon, 

especially when it comes to the optimization of the video-game, which can include an improved 

version of DDA that combines the user’s choice with a recommendation from the game’s 

difficulty change. [10] Moreover, through my literature review, I learned that when two hands 

simultaneously work to perform something (with the influence of both psychological and neural 

mechanism) the outcome is better. [1] This is something that can be further tested in future 

version of the glove, in addition to a design improvement which would add Servo motors and a 

cable system to the glove in order to provide a physical robotic assistance, by aiding the patient 

in the movements and coordination of gripping, flexion/extension exercises.  
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APPENDIX A 

Questionnaire	d’Évaluation	(POUR	PATIENTS)	

		

Ce	questionnaire	a	pour	but	d’évaluer	la	motivation	intrinsèque	des	patients	vis-à-vis	des	

activités	de	rééducation	et	thérapie	de	la	main,	poignets	et	doigts	effectués	après	un	AVC.	

		

Pour	chacune	des	affirmations	suivantes,	veuillez	indiquer	si	l’affirmation	vous	correspond,	

en	utilisant	l’échelle	suivante	:	

		

1							 2							 3							 4							 5							 6							 7	

											Pas	du	tout										 									un	peu														 				beaucoup	

		

1.					J'ai	beaucoup	aimé	pratiquer	cette	séance	de	kiné.	

2.					Cette	séance	de	kiné	n'a	pas	du	tout	retenu	mon	attention.	

3.					Pratiquer	cette	séance	de	kiné	était	douloureux.	

4.					Après	avoir	travaillé/pratiqué	cette	séance	de	kiné	quelque	temps,	j’ai	senti	qu’il	y	

avait	du	progrès	au	niveau	de	la	récupération.	

5.					C’était	une	séance	de	kiné	que	je	ne	pouvais	pas	très	bien	faire.	

6.					J'ai	fourni	énormément	d’effort	sur	cette	séance	de	kiné.	

7.					Il	était	important	pour	moi	de	bien	réussir	cette	séance	de	kiné.	

8.					Je	me	suis	senti(e)	sous	pression	durant	cette	séance	de	kiné.	

9.					Je	sens	que	je	dois	finir	ces	séances	de	kiné.	

10.		J'ai	fait	cette	séance	de	kiné	parce	que	je	voulais.	

11.		Je	pense	que	cette	séance	de	kiné	pourrait	m'aider	à	récupérer	la	fonction	motrice	

dans	ma	main	

12.		Je	crois	que	cette	séance	de	kiné	pourrait	être	bénéfique	pour	moi	et	ma	santé.	

13.		Je	pensais	que	la	séance	de	kiné	était	très	ennuyeuse.	

14.		Je	me	sentais	vraiment	distant	avec	le	rééducateur	
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15.		Il	est	probable	que	cette	personne	et	moi	puissions	devenir	amis	si	nous	

interagissions	plus.	
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QUESTIONNAIRE	D’ÉVALUATION	(POUR	KINÉS)	

		

1.					Veuillez	cochez	les	méthodes	de	rééducation	et	récupération	que	vous	utilisez	:	

		

❏ 			 Rééducation	de	la	sensibilité		

❏ 			 Rééducation	manuelle	individuelle	

❏ 			 Activité	physique	et	programme	d’exercices	gymniques	

❏ 			 Renforcement	musculaire	

❏ 			 Contrainte	induite	du	membre	supérieur	

❏ 			 Répétition	de	tâches	

❏ 			 Rééducation	intensive	

❏ 			 Imagerie	mentale	motrice	

❏ 			 Gestes	de	la	vie	quotidienne	

❏ 			 Apprentissage	moteur	

		

2.					Veuillez	cochez	tout	dispositif/appareil	d'assistance	utilisé	pendant	la	rééducation	:	

		

❏ 		 Biofeedback/Rétroaction	biologique	

❏ 			 Électrothérapie/Électrostimulation	

❏ 	 Stimulation	électrique	fonctionnelle	

❏ 			 Jouets	(Ballons,	lego,	etc.)	

❏ 			 Objets	divers	(tasbih,	aiguille	à	tricoter,	etc.)	

		

3.					Amélioration	suggérée	par	le	projet	de	fin	d’étude	:	un	gant	d'assistance	robotique	

avec	simulation	d'une	main	3D	dans	un	jeu	vidéo	

		

Pour	chacune	les	fonctionnalités	suggérées	pour	le	gant	de	données	d'assistance.,	veuillez	

indiquer	si	vous	pensez	qu’elle	pourrait	être	bénéfique	à	la	récupération/rééducation	du	

membre	supérieur	du	patient,	en	utilisant	l’échelle	suivante	:	

1							 2							 3							 4							 5							 6							 7	
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	Pas	du	tout										 										un	peu														 				beaucoup	

		

a.					Communication	Bluetooth	(Biofeedback)	pour	un	suivi	continu	du	progrès	

du	patient	

b.					Capteurs	de	pression	pour	se	rapprocher	au	maximum	du	réalisme	du	

toucher	

c.					Capteur	de	flexion	pour	suivre	le	mouvement	de	la	main	du	patient	à	

l’écran	

		

Quel	jeu	vidéo	conviendrait	mieux	à	la	rééducation	du	patient	:	(Merci	de	prendre	en	

considération	l’avis	du/des	patient(s)	dans	la	réponse	à	cette	question)	

		

	Interaction	avec	l’environnement	:	jardinage	et	botanique	

❏ 	Oui	

❏ 		Non	

		Jouer	d’un	instrument	musical	:	piano	

❏ 		Oui	

❏ 		Non	

		Dessiner,	peindre	

❏ 		Oui	

❏ 		Non	

		

		

	Autres	commentaires/suggestions	:	
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APPENDIX B 

 

 

Features

- Angle Displacement Measurement
- Bends and Flexes physically with motion device
- Possible Uses
  - Robotics
  - Gaming (Virtual Motion)
  - Medical Devices
  - Computer Peripherals
  - Musical Instruments
  - Physical Therapy
- Simple Construction
- Low Profile

spectrasymbol.com (888) 795-2283Rev A1 - Page 1

Mechanical Specifications Electrical Specifications

-Life Cycle: >1 million
-Height:   0.43mm (0.017")
-Temperature Range: -35°C to +80°C 

-Flat Resistance: 10K Ohms
-Resistance Tolerance: ±30%
-Bend Resistance Range: 60K to 110K Ohms
-Power Rating : 0.50 Watts continuous. 1 Watt
   Peak

Dimensional Diagram - Stock Flex Sensor

6.35 [0.250]

ACTIVE LENGTH
95.25 [3.750]

PART LENGTH
112.24 [4.419]

How It Works

Flat (nominal resistance)

45˚ Bend (increased resistance)

90˚ Bend (resistance increased further)

How to Order - Stock Flex Sensor

103

Resistance

103 = 10 KOhms

L

Model

L = Linear

FS

Series

FS = Flex Sensor

Active Length

0095 = 95.25mm

0095 ST

Connectors

ST = Solder Tab
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APPENDIX C 

1. Sparkfun Open-source Example code for Flex Sensor Readings 
 
 

/****************************************************************************** 
Flex_Sensor_Example.ino 
Example sketch for SparkFun's flex sensors 
  (https://www.sparkfun.com/products/10264) 
Jim Lindblom @ SparkFun Electronics 
April 28, 2016 
 
Create a voltage divider circuit combining a flex sensor with a 47k resistor. 
- The resistor should connect from A0 to GND. 
- The flex sensor should connect from A0 to 3.3V 
As the resistance of the flex sensor increases (meaning it's being bent), the 
voltage at A0 should decrease. 
 
Development environment specifics: 
Arduino 1.6.7 
******************************************************************************/ 
const int FLEX_PIN = A0; // Pin connected to voltage divider output 
 
// Measure the voltage at 5V and the actual resistance of your 
// 47k resistor, and enter them below: 
const float VCC = 4.98; // Measured voltage of Ardunio 5V line 
const float R_DIV = 47500.0; // Measured resistance of 3.3k resistor 
 
// Upload the code, then try to adjust these values to more 
// accurately calculate bend degree. 
const float STRAIGHT_RESISTANCE = 37300.0; // resistance when straight 
const float BEND_RESISTANCE = 90000.0; // resistance at 90 deg 
 
void setup() { 
  Serial.begin(9600); 
  pinMode(FLEX_PIN, INPUT); 
} 
 
void loop() { 
  // Read the ADC, and calculate voltage and resistance from it 
  int flexADC = analogRead(FLEX_PIN); 
  float flexV = flexADC * VCC / 1023.0; 
  float flexR = R_DIV * (VCC / flexV - 1.0); 
  Serial.println("Resistance: " + String(flexR) + " ohms"); 
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  // Use the calculated resistance to estimate the sensor's 
  // bend angle: 
  float angle = map(flexR, STRAIGHT_RESISTANCE, BEND_RESISTANCE, 
                0, 90.0); 
  Serial.println("Bend: " + String(angle) + " degrees"); 
  Serial.println(); 
 
  delay(500); 
} 

 
 
2. Final Unity-Arduino Interfacing Code 
 

int flex_1= A0; //flex sensor 1 is connected with analog pin A0 
int flex_2= A1; //flex sensor 2 is connected with analog pin A1 
int flex_3= A2; //flex sensor 3 is connected with analog pin A2 
int flex_4= A3; //flex sensor 4 is connected with analog pin A3 
int flex_5= A4; //flex sensor 5 is connected with analog pin A4 
 
int data1 = 0; 
int data2 = 0; 
int data3 = 0; 
int data4 = 0; 
int data5 = 0; 
 
void setup() { 
  // put your setup code here, to run once: 
   Serial.begin(9600); 
   pinMode(flex_1, INPUT); 
   pinMode(flex_2, INPUT); 
   pinMode(flex_3, INPUT); 
   pinMode(flex_4, INPUT); 
   pinMode(flex_5, INPUT); 
 
   //establishContact(); 
} 
 
void loop() { 
  // put your main code here, to run repeatedly: 
     
  // Flex 1 
  data1 = analogRead(flex_1);{ 
  // print these to serial monitor 
  //Serial.print("A0: "); 
  Serial.print(data1); 
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  Serial.println(','); 
   
  // write to Unity 
  // 1. Send the analog pin/finger moving 
  Serial.write('P'); 
 
   
  // 2. Send the value the flex sensor to determine nature of movement 
  Serial.write(data1); 
} 
 
  // Flex 2 
  data2 = analogRead(flex_2);{ 
  // print these to serial monitor 
  //Serial.print("A1: "); 
  Serial.print(data2); 
  Serial.println(','); 
 
  // write to Unity 
  // 1. Send the analog pin/finger moving 
  Serial.write('A'); 
 
   
  // 2. Send the value the flex sensor to determine nature of movement 
  Serial.write(data2); 
  } 
 
  // Flex 3 
  data3 = analogRead(flex_3);{ 
  // print these to serial monitor 
  //Serial.print("A2: "); 
  Serial.print(data3); 
  Serial.println(','); 
   
  // write to Unity 
  // 1. Send the analog pin/finger moving 
  Serial.write('M'); 
 
   
  // 2. Send the value the flex sensor to determine nature of movement 
  Serial.write(data3); 
  } 
 
  //Flex 4 
  data4 = analogRead(flex_4);{ 
  // print these to serial monitor 
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  //Serial.print("A3: "); 
  Serial.print(data4); 
  Serial.println(','); 
 
   
  // write to Unity 
  // 1. Send the analog pin/finger moving 
  Serial.write('I'); 
 
   
  // 2. Send the value the flex sensor to determine nature of movement 
  Serial.write(data4); 
  } 
 
  //Flex 5 
  data5 = analogRead(flex_5);{ 
  // print these to serial monitor 
  //Serial.print("A4: "); 
  Serial.print(data5); 
  Serial.println(','); 
 
  // write to Unity 
  // 1. Send the analog pin/finger moving 
  Serial.write('T'); 
  
   
  // 2. Send the value the flex sensor to determine nature of movement 
  Serial.write(data5); 
  } 
 
  Serial.println(); 
  delay(1000); 
 
  Serial.flush(); 
   
} 
 
void establishContact() { 
  while (Serial.available() <= 0) { 
    Serial.print("Contact established"); 
    delay(10); 
  } 
} 

 
 
3. Game Development: Unity Scripts  
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a. arduinoTesting: Arduino-Unity Communication Testing 
 

using System.Collections; 
using System.Collections.Generic; 
using System.IO.Ports; 
using UnityEngine; 
 
 
//Testing the Arduino Uno board's Serial data input on a 3D cube in Unity 
 
public class arduinoTesting : MonoBehaviour { 
 
    // Unity: 
    public float speed; 
    private float amountToMove; 
 
    //Functionality of receiving the serial data from the Arduino Uno  
    //SerialPort takes two arguments: bandwidth and the communication por the Arduino 
port is connected to   
    SerialPort sp = new SerialPort("/dev/cu.usbmodem14201", 9600); 
 
    // Use this for initialization 
    void Start () { 
 
        //When the serial port is open, we set a read time-out 
        sp.Open(); 
        sp.ReadTimeout = 1; //if we set it higher, Unity might freeze and lower might 
cause an exception to be thrown  
    } 
     
    // Update is called once per frame 
    void Update () { 
 
        //Computing mount to move 
        amountToMove = speed * Time.deltaTime; 
 
        //Catching exceptions thrown by Unity  
        if (sp.IsOpen){ 
            try { 
                moveObject(sp.ReadByte()); 
                print(sp.ReadByte()); 
                } 
 
            catch (System.Exception) { 
            } 
        } 
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    } 
 
    void moveObject(int Direction){ 
 
        if (Direction == 1){ 
            // we move the cube by translating the cube's movements in space relative to 
the world 
            transform.Translate(Vector3.left * amountToMove, Space.World); 
 
        } 
 
        if(Direction == 2){ 
            // we move the cube by translating the cube's movements in space relative to 
the world 
            transform.Translate(Vector3.right * amountToMove, Space.World); 
 
        } 
    } 
} 
 

 
 

b. animController:  Animation Controller 
using System.Collections; 
using System.Collections.Generic; 
using UnityEngine; 
 
public class animController : MonoBehaviour { 
 
 
    private Animator anim; 
 
    // Use this for initialization 
    void Start () { 
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        anim = GetComponent<Animator>(); 
    } 
     
    // Update is called once per frame 
    void Update (){ 
     
        if (Input.GetButtonDown("Fire1")){ 
            anim.SetBool("first_try", true); 
        } 
        else{ 
            anim.SetBool("first_try", false); 
        } 
    } 
} 

 
c. FlexController: Single Flex Sensor Readings Test  

using System.Collections; 
using System.Collections.Generic; 
using UnityEngine; 
using System.IO.Ports; 
 
public class FlexController : MonoBehaviour { 
 
    //Animator controller  
    private Animator anim; 
 
    //Unity readings of flex:  
    private float calcInput = 0f; 
    private float epsilon = 0.01f; 
    private float factor = 2f; 
    private float currentInput = 0f; 
 
    //private float timer = 0f; 
    //private float timeToUpdate = 1f;  
 
    //Functionality of receiving the serial data from the Arduino Uno:  
    SerialPort serial = new SerialPort("/dev/cu.usbmodem14101", 9600); 
 

    // Use this for initialization 
    void Start(){ 
 
        //When the serial port is open, we set a read time-out 
        if (!serial.IsOpen) 
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            serial.Open(); 
 
        serial.ReadTimeout = 1; //if we set it higher, Unity might freeze and lower might 
cause an exception to be thrown  
 
        //Get animator controller 
        anim = GetComponent<Animator>(); 
 
    } 
 

    // Update is called once per frame 
    void Update() { 
        if (serial.IsOpen){ 
            try{ 
                print(serial.ReadExisting()); 
                string value = serial.ReadExisting(); 
                int val = int.Parse(value); 
                //ReadingFlexSensor(val); 
            } 
 
            catch (System.TimeoutException){ 
                throw; 
            } 
        } 
    } 
 
    void ReadingFlexSensor(int analoginput){ 
 
        if(analoginput == 0){ 
            anim.SetBool("flexing_thumb", false); 
        } 
 
        else if (analoginput == 1){ 
            anim.SetBool("flexing_thumb", true); 
        } 
 
    } 
} 
 

 
 
 
 

d. FlexUpdate: Final Flex Sensor Readings Script  
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using System.Collections.Generic; 
using UnityEngine; 
using System.IO.Ports; 
 
public class FlexUpdate : MonoBehaviour { 
 
    //Animator controller  
    private Animator anim; 
 
    //Unity readings of flex:  
    [SerializeField] 
    private float calcInput = 0f; 
    private float epsilon = 0.01f; 
    private float factor = 2f; 
    private float currentInput = 0f; 
 
    //Functionality of receiving the serial data from the Arduino Uno:  
    SerialPort serial = new SerialPort("/dev/cu.usbmodem14101", 9600); 
 
    [SerializeField] 
    public class DataGloveStats 
    { 
        // Arduino readings of flex sensors:  
        public  int data_pinky; 
        public  int data_annular; 
        public  int data_middle; 
        public  int data_index; 
        public  int data_thumb; 
    } 
 
    public DataGloveStats gloveStats = new DataGloveStats(); 
 

    // Use this for initialization 
    void Start(){ 
        
 
        //When the serial port is open, we set a read time-out 
        if (!serial.IsOpen) 
            serial.Open(); 
 
        //if we set it higher, Unity might freeze and lower might cause an exception to 
be thrown  
 
        serial.ReadTimeout = 1000;  
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        //Get animator controller 
        anim = GetComponent<Animator>(); 
    } 
 
    // Update is called once per frame 
    void Update() 
    { 
        if (serial.IsOpen) 
        { 
            try 
            { 
                //Print analog data from Arduino 
                //print(serial.ReadLine()); 
 
                
                //Start loop 
                StartCoroutine(ReadDatafromSerialPort()); 
 
            } 
            catch (System.TimeoutException){ 
                throw; 
            } 
        } 
    } 
 
    IEnumerator ReadDatafromSerialPort()  
    { 
        //Loop 
        while (true){ 
         
           string[] values = serial.ReadLine().Split(','); 
 
            
           print("Array length: "+values.Length); 
 
           // for(int i=0;i<5; i++){ 
           //     print("readline value number"+i +values[i]); 
           // } 
 
            // Data 1 : Pinky 
            gloveStats.data_pinky = (int.Parse(values[0])); 
            print("Pinky: "+ gloveStats.data_pinky); 
            ReadingFlexPinky(gloveStats.data_pinky); 
 
            // Data 2 : Annular 
             gloveStats.data_annular = (int.Parse(values[1])); 
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             print("Annular: "+ gloveStats.data_annular); 
             ReadingFlexAnnular(gloveStats.data_annular); 
 

            // Data 3 : Middle 
            gloveStats.data_middle = (int.Parse(values[2])); 
             print("Middle: "+ gloveStats.data_middle); 
             ReadingFlexMiddle(gloveStats.data_middle); 
 

            // Data 4 : Index 
             gloveStats.data_index = (int.Parse(values[3])); 
             print("Index: " + gloveStats.data_index); 
             ReadingFlexIndex(gloveStats.data_index); 
 
             print(values[4]); 
 
            // Data 5 : Thumb 
             gloveStats.data_thumb = (int.Parse(values[4])); 
             print("Thumb: "+ gloveStats.data_thumb); 
             ReadingFlexThumb(gloveStats.data_thumb); 
 
            yield return new WaitForSecondsRealtime(1); // Delay should be the same as 
the one in the Arduino code  
        } 
    } 
 

    void ReadingFlexThumb(int data_thumb){ 
        if(data_thumb > 5) 
        { 
            anim.SetBool("opening_thumb", true); 
        } 
        else if (data_thumb <0 || data_thumb>20){ 
            anim.SetBool("opening_thumb", false); 
 
            //Need another animation for closing thumb 
        } 
    } 
 
    void ReadingFlexIndex(int data_index){ 
        if (data_index > 5 && data_index < 20) 
        { 
            anim.SetBool("flexing_index", true); 
        } 
        else if (data_index < 0 || data_index > 20) 



85 

        { 
            anim.SetBool("flexing_index", false); 
 
            //Need another animation for closing index 
        } 
    } 
 
    void ReadingFlexMiddle(int data_middle){ 
        if (data_middle > 5 && data_middle < 20) 
        { 
            anim.SetBool("flexing_middle", true); 
        } 
        else if (data_middle < 0 || data_middle >20) 
        { 
            anim.SetBool("flexing_middle", false); 
 
            //Need another animation for closing middle finger 
        } 
    } 
 
    void ReadingFlexAnnular(int data_annular){ 
        if (data_annular > 5 && data_annular < 20) 
        { 
            anim.SetBool("flexing_annular", true); 
        } 
        else if (data_annular < 0 || data_annular>20) 
        { 
            anim.SetBool("flexing_annular", false); 
 
            //Need another animation for closing annular 
        } 
    } 
 
    void ReadingFlexPinky(int data_pinky){ 
        if (data_pinky > 5) 
        { 
            anim.SetBool("flexing_pinky", true); 
        } 
        else if (data_pinky < 0 || data_pinky >20) 
        { 
            anim.SetBool("flexing_pinky", false); 
 
            //Need another animation for closing pinky 
        } 
    } 
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} 
 

 
 

e. PerfomanceTracker: Patient/User progress tracking script 
 

using System.Collections; 
using System.Collections.Generic; 
using UnityEngine; 
using UnityEngine.UI; 
using System.IO; 
 
public class PerformanceTracker : MonoBehaviour { 
 
    /* Performance of player is logged in a .txt file in the following format:  
     *  
     *  - Login Data    
     *  - Time spent playing 
     *  - Degrees of movements for each fingers 
     *  - interactions with environments and enemies    
     *  - Health score 
     *  - Overall Score    
     *  
     */ 
 
    FlexUpdate flex;  
 
    // Create text file  
    void CreateText(){ 
 
        //Path of the file 
        string path = Application.dataPath + "/Log.txt"; 
 
        //Create file if it doesn't exist 
        if (!File.Exists(path)){ 
 
            File.WriteAllText(path, "Login Log \n\n"); 
        } 
 
        /* Calculations of standard deviation of flex sensor data from healthy subjects: 
        *  
        * Standard deviation: a quantity expressing by how much the members of a group  
        * differ from the mean value for the group. 
        *  



87 

        * Average Finger resistance:  
        * Extended: 15 ohms || Flexed: 8-9 ohms 
        *  
        */ 
 
        int sum = flex.gloveStats.data_pinky + flex.gloveStats.data_thumb + 
            flex.gloveStats.data_annular + flex.gloveStats.data_middle + 
flex.gloveStats.data_index; 
 
        float avg = sum / 5; 
 
        float strd_pinky = Mathf.Pow(flex.gloveStats.data_pinky - avg, 2); 
        float strd_thumb = Mathf.Pow(flex.gloveStats.data_thumb - avg, 2); 
        float strd_annular = Mathf.Pow(flex.gloveStats.data_annular - avg, 2); 
        float strd_middle = Mathf.Pow(flex.gloveStats.data_middle - avg, 2); 
        float strd_index = Mathf.Pow(flex.gloveStats.data_index - avg, 2); 
 
        float new_mean = (strd_pinky + strd_thumb + strd_annular + strd_middle + 
            strd_index) / 5; 
 
        float standard_deviation = Mathf.Sqrt(new_mean); 
 
        // if parsing problem solved, add bending angles of each sensor:  
        // Degrees of movements for each fingers 
        string bending_angle_p;  
        string bending_angle_t; 
        string bending_angle_a; 
        string bending_angle_m; 
        string bending_angle_i; 
 
        /*   
         *  - interactions with environments and enemies    
         *  - Health score 
         *  - Overall Score */ 
 

        //Contents of the file:  
        // Login and Timer 
        string logindate = "Login date: " + System.DateTime.Now + "\n"; 
        string gameTimer = "Timer : " + Time.time + "\n"; 
 
        // Resistance from the Arduino parsing 
        string pinky_data = "Pinky Resistance : " + flex.gloveStats.data_pinky + "\n"; 
        string thumb_data = "Thumb Resistance : " + flex.gloveStats.data_thumb + "\n"; 
        string annular_data = "Annular Resistance : " + flex.gloveStats.data_annular + 
"\n"; 
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        string middle_data = "Middle Resistance : " + flex.gloveStats.data_middle + "\n"; 
        string index_data = "Index Resistance : " + flex.gloveStats.data_index + "\n"; 
 
        // Standard Deviation of the user's stats vs healthy subject 
        string strd_deviation = "Standard deviation : " + standard_deviation + "\n"; 
 
        //Append all content 
        File.AppendAllText(path, logindate); 
        File.AppendAllText(path, gameTimer); 
        File.AppendAllText(path, pinky_data); 
        File.AppendAllText(path, thumb_data ); 
        File.AppendAllText(path, annular_data); 
        File.AppendAllText(path, middle_data); 
        File.AppendAllText(path, index_data); 
 
    } 
 
    // Use this for initialization 
    void Start () { 
         
    } 
     
    // Update is called once per frame 
    void Update () { 
        CreateText();  
    } 
 
} 
 

 
f. Player Scripts 

i.  MouseLook 
 

 
using System.Collections; 
using System.Collections.Generic; 
using UnityEngine; 
 
public class MouseLook : MonoBehaviour { 
 
    [SerializeField] 
    private Transform playerRoot, lookRoot; 
 
    [SerializeField] 
    private bool invert; 
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    [SerializeField] 
    private bool can_Unlock = true; 
 
    [SerializeField] 
    private float sensivity = 10f; 
 
    [SerializeField] 
    private int smooth_Steps = 10; 
 
    [SerializeField] 
    private float smooth_Weight = 0.4f; 
 
    [SerializeField] 
    private float roll_Angle = 10f; 
 
    [SerializeField] 
    private float roll_Speed = 3f;  
 
    [SerializeField] 
    private Vector2 default_Look_Limits = new Vector2(-70f, 80f); 
 
    private Vector2 look_Angles; 
 
    private Vector2 current_Mouse_Look; 
    private Vector2 smooth_Move; 
 
    private float current_Roll_Angle; 
 
    private int last_Look_Frame;  
 
    // Use this for initialization 
    void Start () { 
        Cursor.lockState = CursorLockMode.Locked; // Lock the cursor to the center of 
the window 
    } 
     
    // Update is called once per frame 
    void Update () { 
 
        LockAndUnlockCursor(); 
 
        if(Cursor.lockState == CursorLockMode.Locked){ 
           LookAround(); 
        } 
    } 
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    void LockAndUnlockCursor() { 
 
        if(Input.GetKeyDown(KeyCode.Escape)){ 
            if (Cursor.lockState == CursorLockMode.Locked){ 
                Cursor.lockState = CursorLockMode.None;  
            } 
            else{ 
                Cursor.lockState = CursorLockMode.Locked; 
                Cursor.visible = false;  
            } 
        } 
    }// lock and unlock 
 
    void LookAround() { //  
     
        current_Mouse_Look = new Vector2(Input.GetAxis(MouseAxis.MOUSE_Y), 
Input.GetAxis(MouseAxis.MOUSE_X)); 
 
        look_Angles.x += current_Mouse_Look.x * sensivity * (invert ? 1f : -1f); // 
inver thing = turnary operatorlook_Angles.y += current_Mouse_Look.y * sensivity; 
        look_Angles.y += current_Mouse_Look.y * sensivity; 
          
 
        // Clamp will not allow this x to go below default_look_Limits.x, or above 
default_look_Limits.y  
        look_Angles.x = Mathf.Clamp(look_Angles.x, default_Look_Limits.x, 
default_Look_Limits.y); 
 

        // Linear interpolating between current_Roll_Angle and 
Input.GetAxisRaw(MouseAxis.MOUSE_X) * roll_Angle in that time: Time.deltaTime * 
roll_Speed 
        //current_Roll_Angle = Mathf.Lerp(current_Roll_Angle, 
Input.GetAxisRaw(MouseAxis.MOUSE_X) * roll_Angle, Time.deltaTime * roll_Speed); 
 
        lookRoot.localRotation = Quaternion.Euler(look_Angles.x, 0f, 0f); 
        playerRoot.localRotation = Quaternion.Euler(0f, look_Angles.y, 0f); 
 
    } // look around  
 
} // class 

 
ii.  PlayerFootsteps 
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using System.Collections; 
using System.Collections.Generic; 
using UnityEngine; 
 
public class PlayerFootsteps : MonoBehaviour { 
 
    private AudioSource footstep_Sound; 
 
    [SerializeField] 
    private AudioClip[] footstep_Clip; 
 
    private CharacterController character_Controller; 
 
    [HideInInspector] 
    public float volume_Min, volume_Max; //editable in script only 
 
    private float accumulated_Distance; //how far we can go before we play the sound 
 
    [HideInInspector] 
    public float step_Distance; // will determine how far we can go if we are 
sprinting/crouching/walking 
 

    // Use this for initialization 
    void Awake () { 
        footstep_Sound = GetComponent<AudioSource>(); 
 
        character_Controller = GetComponentInParent<CharacterController>(); //because 
this is the child of Player, this will only work for one instance of character 
controller 
    } 
     
    // Update is called once per frame 
    void Update () { 
 
        CheckToPlayFootstepSound(); 
 
    } 
 

    void CheckToPlayFootstepSound(){ 
 
        // character is NOT on the ground == in the air (jumping)  
        if (!character_Controller.isGrounded) 
            return; // exit function  
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        //Character IS on the ground 
        if(character_Controller.velocity.sqrMagnitude > 0){ 
 

            // accumulated distance is the value of how far can we go 
            // e.g. make a step or sprint, or move while crouching 
            // until we play the footstep sound.  
            accumulated_Distance += Time.deltaTime;  
 
            if(accumulated_Distance > step_Distance){  
 
                footstep_Sound.volume = Random.Range(volume_Min, volume_Max); 
                footstep_Sound.clip = footstep_Clip[Random.Range(0, 
footstep_Clip.Length)]; 
                footstep_Sound.Play(); 
 
                accumulated_Distance = 0f; 
            } 
        } else { 
 
            accumulated_Distance = 0f;  
        } 
    } 
} 
 

 
 

iii.  PlayerMovement 
 

using System.Collections; 
using System.Collections.Generic; 
using UnityEngine; 
 
public class PlayerMovement : MonoBehaviour { 
 
    private CharacterController character_Controller; 
 
    private Vector3 move_Direction; 
 
    public float speed = 5f; 
    private float gravity = 20f; 
 
    public float jump_Force = 10f; 
    private float vertical_Velocity; 
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    private void Awake(){ 
        character_Controller = GetComponent<CharacterController>(); 
    } 
 
     
    // Update is called once per frame 
    void Update () { 
        MoveThePlayer(); 
    } 
 

    void MoveThePlayer(){ 
 
        move_Direction = new Vector3(Input.GetAxis(Axis.HORIZONTAL), 0f, 
                                     Input.GetAxis(Axis.VERTICAL)); 
 
        move_Direction = transform.TransformDirection(move_Direction); // transform to 
move in the worldspace  
        move_Direction *= speed * Time.deltaTime; 
 
        ApplyGravity(); 
 
        character_Controller.Move(move_Direction); 
 

    } // move player  
 
    void ApplyGravity(){ 
        if (character_Controller.isGrounded){ 
 
            vertical_Velocity -= gravity * Time.deltaTime; 
 
            //Jump 
            PlayerJump(); 
        } 
        else { 
            vertical_Velocity -= gravity * Time.deltaTime; 
        } 
 
        //move_Direction.y = vertical_Velocity; 
        move_Direction.y = vertical_Velocity * Time.deltaTime; 
 

    } // apply gravity 
 
    void PlayerJump(){ //TODO: Change it later, do I want to keep this?  



94 

 
        if(character_Controller.isGrounded && Input.GetKeyDown(KeyCode.Space)){ 
            vertical_Velocity = jump_Force;  
        } 
    } 
 
} // class  
 

 
 

iv.  PlayerSprintandCrouch 
 
 

using System.Collections; 
using System.Collections.Generic; 
using UnityEngine; 
 
public class PlayerSprintandCrouch : MonoBehaviour { 
 
    private PlayerMovement playerMovement;  
 
    public float sprint_Speed = 10f; 
    public float move_Speed = 5f; 
    public float crouch_Speed = 2f; 
 
    private Transform look_Root; 
    private float Stand_Height = 1.6f; 
    private float crouch_Height = 1f; 
 
    private bool is_Crouching; 
 
    private PlayerFootsteps player_footsteps; 
 
    private float sprint_Volume = 1f; 
    private float crouch_Volume = 0.1f; 
    private float walk_Volume_Min = 0.2f, walk_Volume_Max = 0.6f; 
 
    private float walk_Step_Distance = 0.4f; 
    private float sprint_Step_Distance = 0.25f; 
    private float crouch_Step_Distance = 0.5f;  
 

    void Awake () {  //the only difference between Start and Awake is that Start is 
called only when a scriptis enable 
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        playerMovement = GetComponent<PlayerMovement>(); 
 
        look_Root = transform.GetChild(0); // Passing 0, we get Child 1 (array 
indexing), in this case: LookRoot 
 
        player_footsteps = GetComponentInChildren<PlayerFootsteps>(); // Attached on 
Player AUdio 
    } 
 

    private void Start(){ 
        player_footsteps.volume_Min = walk_Volume_Min; 
        player_footsteps.volume_Max = walk_Volume_Max; 
        player_footsteps.step_Distance = walk_Step_Distance;  
    } 
 

    // Update is called once per frame 
    void Update () { 
        Sprint(); 
        Crouch(); 
    } 
 

    void Sprint(){ 
        if(Input.GetKeyDown(KeyCode.LeftShift) && !is_Crouching){ //TODO: Change 
keyboard keycode here(?) 
 
            playerMovement.speed = sprint_Speed; 
            player_footsteps.step_Distance = sprint_Step_Distance; 
            player_footsteps.volume_Min = sprint_Volume; 
            player_footsteps.volume_Max = sprint_Volume; 
        } 
 
        if (Input.GetKeyUp(KeyCode.LeftShift) && !is_Crouching){ 
 
            playerMovement.speed = move_Speed; 
 
            player_footsteps.step_Distance = walk_Step_Distance; 
            player_footsteps.volume_Min = walk_Volume_Min; 
            player_footsteps.volume_Max = walk_Volume_Max; 
 
        } 
    } 
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    void Crouch() 
    { 
        if (Input.GetKeyDown(KeyCode.C)) 
        { 
 
            //if we are already crouching — stand up  
            if (is_Crouching){ 
 
                look_Root.localPosition = new Vector3(0f, Stand_Height, 0f); 
                playerMovement.speed = move_Speed; 
 
                player_footsteps.step_Distance = walk_Step_Distance; 
                player_footsteps.volume_Min = walk_Volume_Min; 
                player_footsteps.volume_Max = walk_Volume_Max; 
 
                is_Crouching = false;  
            } 
            else { //if we are not crouching — crouch  
 
                look_Root.localPosition = new Vector3(0f, crouch_Height, 0f); 
                playerMovement.speed = move_Speed; 
 
                player_footsteps.step_Distance = crouch_Step_Distance; 
                player_footsteps.volume_Min = crouch_Volume; 
                player_footsteps.volume_Max = crouch_Volume; 
 
                is_Crouching = true; 
            } 
 
        }// if we press C  
 
 

    } // crouch 
 
} /// class 

 


