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ABSTRACT 

The aim of the work is to design and prototype an autonomous stroke rehabilitation system using 

the Microsoft Kinect camera that allows patients to undergo their rehab therapy from home 

without the constant need of specialized staff involvement in the rehab process. The rehab 

system tracks and computes a set of measurable indicators that reflect the rehab progress. 

Today, patients that have suffered a stroke usually have to visit specialized centers to perform 

the rehabilitation program. This proves to be hard for the patients with motion disorders, 

especially in the northern parts of Sweden with large distances to the closest specialized center. 

A prototype rehabilitation system for stroke patients has been designed and built. The system is 

autonomous and does not need constant staff involvement in the rehab process. The system 

tracks a set of rehabilitation indicators that reflect the patient rehabilitation progress (joint range 

of motion, reaction time, precision of motion, energy expenditure and training time). The system 

is constantly monitoring the patient to make sure the exercises are done correctly. 

 

Attention has been paid at making the system more engaging and fun by adding some 

gamification features like providing real time feedback while exercising and by computing the 

training statistics with personal best indicators and progress meant to increase patient 

engagement and motivation. At last but not at least, the system has a multimodal interface 

including audio feedback that makes usage much more intuitive and simple. 

 

The system was designed and implemented and tested on regular users. The results prove that the 

system is able to achieve good results in automating the rehabilitation process and providing a 

reliable measurable index of the rehab progress.  
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NOMENCLATURE 

Here are the Notations and Abbreviations used in the thesis work. 

Notations 

Symbol Description 

h Height (m) 

m mass (kg) 

a acceleration (m/s2) 

g gravitational acceleration (m/s2) 

 

E Energy 

Ep Potential energy (Joules) 

Ec Kinetic energy (Joules) 

Ej Energy (Joules)  

Ec Energy (kCal) 

Fps      Frames per second 

 

Abbreviations 

WPF Windows Presentation Foundation 

API Application Programming Interface 

SDK Software Development Kit 

MVC Model, View, Controller 

MVVM Model, View, View Model 

UI User Interface 

CMS Content Management System 

RGB Red / Green / Blue 

RGBD Red / Green / Blue / Depth 

UML Unified Modeling Language 

CNS Central Nervous System 

DOB Date of Birth 

SSN Social Security Number 
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1 INTRODUCTION 

This section highlights the motivation to do this thesis project as well as the methodology used in 

order to accomplish the goals of the work. 

 

 

1.1 Background 

Stroke is one of the major reasons of elderly disabilities in the western countries. A person that 

had suffered from a stroke is hospitalized for a period of time for assessment and treatment, 

usually for 1-3 months.  

 

After the intensive rehabilitation at the hospital, patients that do not have severe symptoms of 

disability are returned to their homes. They are visited by occupational therapists once in a while 

to make sure the person can deal with usual household daily routines. The persons are taught 

how to undergo the rehabilitation process from home. In case of need the person can go for 

another rehabilitation course at specialized centers. 

 

The rehabilitation process for stroke patients is a long-lasting process, recovery can be expected 

in the whole lifetime period with small steps of recovery. The recovery after a stroke is gradual 

and a lot of work is needed to achieve progress. 

 

A person affected by stroke has to go through a constant process of rehabilitation in order to 

improve the mobility of his joints and dexterity of movements. With the recent advances in 

technology brought 3d cameras and specifically body tracking to the masses. The Microsoft 

Kinect camera initially built for gaming purposes proved to be a universal tool that could be used 

for any other purposes where body tracking is required. The reduced cost of the hardware makes 

it really attractive for home-based rehabilitation systems. 

1.2 Purpose 

The scope of this work is to present a stroke rehabilitation system that could automate and ease 

the rehabilitation process of stroke patients with mild movement impairments in the upper limbs. 

Current rehabilitation systems are intended to be used in specialized centers due to their high 

cost and complexity. Telemedicine is also underdeveloped because of high costs for the 

hardware. This project aims to create a prototype system that would have a low price and could 

be used for home based rehabilitation. The system would guide the patient to perform the 

exercises that were prescribed by the doctor. The system would also gather qualitative and 

quantitative indicators about the patient that would describe how well the patient is performing 

in his rehabilitation program. This information will be presented to the user in a comprehensive 

way daily, weekly and monthly to make the user aware of his progress and to boost his interest 

for the rehabilitation process. 
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1.3 Delimitations 

 The target group 

Generally stroke patients have a very broad range of cognitive and physical impairments ranging 

from having a slight movement impairment and scaling up to severe cases of movement and 

cognitive impairments that make a person unable to stand up on their feet, or move their arms, 

vision impairments, mental disorders ranging from impossibility to focus on a task and more 

serious cases of dementia. 

Because of the broad range of impairments of a stroke patient, this project will focus on a 

specific subgroup of stroke patients that could benefit the most from the rehab system. 

 

The target group for this project consists of individuals with the following characteristics: 

1) Having mild to medium impairment in their upper limb, facing one or several from the 

following symptoms: 

a) Muscle spacity in the upper side extremities 

b) Limited range of motion in joints (shoulder, elbow or wrist) 

c) Coordination issues – problems with making precise movements with arms (needed 

in everyday life , e.g. issues with picking objects, putting them on specific spots etc) 

 

2) Ability to  stand on their own feet, or in a wheelchair without external help 

3) Enough visual acuity in order to distinguish and understand the information on the 

screen. 

 

So, to generalize - the target group consists of individuals that can benefit the most from doing a 

rehabilitation without external assistance and without specialized devices.  

 

 The prototype development scope 

The project is intended to serve as a prototype rehabilitation system. It will have the basic set of 

functionality to allow performing a rehabilitation program with specific set of exercises and 

specific level of complexity for each exercise. The prototype will also present multiple statistics 

for the rehab process that can be used in principle by a medical therapist. The app would also 

output useful information in the rehab process to aid and motivate the patient to work harder and 

with more engagement. For the sake of improving the usability there is a multimodal aspect 

added to the system the patient would get vocal / verbal information to aid him perform the 

exercises correctly. 

 

1.4 Method 

 Overview of stroke patients and rehabilitation exercises 

In order to build a rehabilitation system for stroke patients, an analyses of this field is performed. 

The symptoms of a stroke patient are highlighted. Patients with different levels of disability are 

analysed. A group of stroke patients is delimited as a target group suited for this project. The 

target group consists of patients that can use the system effectively and would benefit the most 

from it. 

A visit to the Danderyd Hospital in North of Stockholm is performed to better understand the 

state of the art of rehabilitation for stroke patients and what are the usual exercises that stroke 

patients perform on the daily basis. A set of exercises that can be automated with the Kinect 
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camera is chosen. The exercises consist of range of motion for the joints from the upper 

extremity, the precision of motion of the hand and the reaction time exercise. These exercises 

will be presented in more detail in 3.3.2, 3.3.3 and 3.3.4. 

 Model the rehabilitation indicators 

Rehabilitation indicators are the useful bits of information that describes how well a patient is 

doing in his rehabilitation. Each exercise has it’s own indicators, for example the range of 

motion exercises measure the minimum and maximum angle a patient can move a particular 

joint. A precision of motion exercises measure the precision of following a particular path and 

will provide a motion error, measured in cm. A reaction exercise would measure the reaction 

time in milliseconds. There are also some more general indicators like the energy expenditure 

indicator that reflects the amount of energy spent while performing any exercise and total time 

spent for each exercise, see Chapter 3.4. 

 

 System implementation 

This is the biggest and most interesting part – building the software that uses the Microsoft 

Kinect camera to gather 3d information of the rehabilitation process and analyses all the data 

both in real time and on demand / offline and extracts useful insights in the efficiency of the 

rehabilitation. Besides the data analysis, another important thing here is building a user interface 

that is intuitive and very easy to use. The software is programmed using the .NET using the WPF 

platform. 
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2 FRAME OF REFERENCE 

The methods and technologies in stroke rehabilitation will be presented here, different computer 

aided rehabilitation scenarios for stroke patients is presented. 

 

2.1 Stroke 

Stroke is one of the major health problems all over the globe. Yearly nearly 6 million people die 

from stroke worldwide (Rosengren, 2008). In Sweden there are more than 25000 people 

diagnosed with stroke every year. Stroke happens when part of the brain is not getting enough 

oxygen which causes a brain injury and permanent loss of functionality. A stroke can be caused 

by a clot blocking blood vessels in the brain (ischematic stroke) or a vessel rupture causing bleed 

into the brain (hemorrhagic). As a result, brain cells and nerve do not receive the oxygen and 

nutrients they need to work normally. (Scotish Intercollegiate Guidelines Network, 2011) . 

Ischematic stroke account for about 80% of all stroke cases and 20% are hemorrhagic. (H. & 

Dobkin S, 2005) 

 

Figure 1. Different stroke types, from (Scotish Intercollegiate Guidelines Network, 2011). 

 

 

2.2 Stroke rehabilitation 

Stroke rehabilitation today does not have a well-defined and standardized methodology, every 

country or medical center has their own ways to go about the rehabilitation process. There are 

some considerable effort to aggregate the information and all the knowledge that we have about 

what’s effective in stroke rehabilitation and what’s not, a very good source of information on the 

efficiency of different rehabilitation exercises is provided in the book “Evidence-based Review 

of Stroke Rehabilitation” (Teasell, et al., 2012). This book makes it much easier to choose the 

right exercises that were proved effective in the rehabilitation process and what methods should 

be taken with additional precaution and care. 

 

Here is a general set of exercises used in stroke rehab: 

a) Muscle strength training 

b) Repetitive task training 

c) Attention training 
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A stroke rehab program should be planned with a lot of precautions and care because a wrongly 

planned rehab program can lead to more negative than positive effects. In case of a treadmill 

exercise for example – making regular walks on the treadmill might improve the muscle force 

but can also lead to joint pain and can lead to muscle underuse and decline in the physical 

condition, leading to a greater impairment and disability (H. & Dobkin S, 2005) 

A very important aspect in stroke rehab is the motivation and interest of the patient. It is very 

usual that a person after a stroke goes through a lot of stress. This is something normal because 

all of a sudden the person loses the ability to move an arm, stand up or even swallow. This aspect 

is very important when designing a rehabilitation system. The rehab system should be very 

motivational, fun and the training should be tailored to match patient’s abilities. Only in this case 

the training will feel rewarding and the patient will be eager to continue the training program. 

 

 Stroke rehabilitation today 

Stroke rehabilitation starts in the hospital after the patient has stabilized following a stroke. 

Patients undergo the rehab program during 1-3 months, but can also be much longer depending 

on the severity of the injury. During the rehabilitation program patients undergo passive or active 

range of motion exercise. A passive range of motion exercise is the one in which the 

rehabilitation therapist is actively helping to move the arm of the patient, the active range of 

motion exercise is the one in which the patient moves the limb himself. 

As time passes the therapists start giving more advanced tasks to the patient. One thing to note is 

that most of the patients do not regain 100% of the functionality lost after a stroke. Because of 

this the ending part of the rehabilitation program consists in preparing the patient for continuing 

his life with the current impairment. This step of rehabilitation is called occupational therapy. In 

this stage the patient gets help with performing daily life tasks like preparing food, cleaning, etc. 

 

Usually patients will undergo a life-long rehabilitation to regain the dexterity or to improve 

muscle tonus and joint mobility. Having to perform a life-long rehabilitation can make you feel 

very depressed. The mission of all the stroke rehabilitation programs is to not only be useful, but 

also make the exercises entertaining and fun to do. There are some fun rehab devices in the acute 

stroke centers, like a haptic feedback devices with 3d glasses that allow the patient to interact 

with some objects in a virtual scene. These rehabilitation devices make the patient much more 

engaged in their rehabilitation program. With the recent advances in technology rehabilitation 

from home might be fun and effective too. 

 

2.3 The Microsoft Kinect Camera 

The Microsoft Kinect camera is a so called Red / Green / Blue / Depth (RGBD) camera that can 

record both Red / Green / Blue (RGB) information and the depth information with a rate of up to 

30fps. It has a color sensor, an infrared emitter and an infrared sensor that captures the infrared 

beam from the emitter reflected by objects. This coupling allows getting the RGB information 

from the scene and combine it with the depth information. 

 



6 

 

 

Figure 2. The Microsoft Kinect camera and its components,  

(source: http://msdn.microsoft.com/en-us/library/jj131033.aspx) 

Microsoft provides a software development kit (SDK) to be used when working with the Kinect 

camera. The SDK allows not only to receive the color and the depth streams, but to also detect 

and track humans that are in the view-field of the camera. The camera can track up to two 

persons at the same time. The tracking involves detecting human bodies and also body parts, like 

head, shoulders, arms, hands, torso, and feet.  

 

 Fitness apps with Kinect 

 

The device performance and low cost make it a very good candidate for a lot of innovative user 

interfaces in games, fitness applications and why not in rehabilitation and the medical field. 

 

There are more and more apps that use the Microsoft Kinect camera for different fitness and 

body motion tracking scenarios. One of them is Dance Central 3 (Systems Harmonix Music, 

n.d.), which is tracking the user as he tries to repeat the dance-moves shown on the screen. The 

app computes a rating based on how well the player synced all his moves and how much effort  

did he do. This involves tracking the body in real time. Another great fitness app is “The 

Microsoft PlayFit” (Microsoft, n.d.), which is a hub app that tracks how much calories were 

burned while playing different Xbox games. These kind of apps have a big popularity among 

young people and families because it created a totally new and fun way to interact with the 

games.  

 

 Rehab projects with Kinect 

 

There is an interesting rehab project that monitors the intake gestures of stroke patients, meant to 

be used at home in a tele-rehab setting (Hossein Mousavi Hondori, 2012). This project used the 

Kinect camera to track the upper arm joints – the wrist, elbow and shoulders in a scenario when 

the patient is having his dinner. All the utensils have accelerometers attached to them so the 

motion of the utensils can be tracked too. So combining these two types of information they 

could extract the information about how well the person can manage to do such a vital thing as 

having his dinner. 

Another interesting project is called KinectoTherapy (KinectoTheraphy, 2012). It’s a 

rehabilitation tool which makes rehabilitation process fun by allowing the users play a number o 

different interactive games. The system gives a feedback on the results they have achieved by 

http://msdn.microsoft.com/en-us/library/jj131033.aspx


7 

 

tracking their movements with a Kinect camera. There is also some numerical feedback that 

reflects the maximum flexion angles and some other qualitative results.  

 

Another project called MIRA-UPPER LIMB REHABILITATION SYSTEM USING 

MICROSOFT KINECT (CALIN, CANTEA, ALU, MIHAIU, & SUCIU, 2011) is aimed at using 

the Kinect camera in a scenario of physic-therapy of the upper limbs. The system consists of few 

range of motion exercises where the patient has to reach some virtual objects on the screen with 

their hands. The difficulty of the exercise is increased in order to keep the user interested and 

engaged. There are no analytical part in the system that would monitor the quality and results of 

the rehabilitation for future review. 
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3 DESIGN AND IMPLEMENTATION 

Here the system will be described in details. The rehabilitation process will be described, each 

exercise in part will be presented. The software planning and development will be presented. 

3.1 User Interface 

The main screen consists of three function – Rehab / Train, View Statistics and Exit. On the top 

of the window there are four tabs. The top left tab is just the main screen (the current one with 

the menu). The other 3 tabs are used when performing the rehabilitation or when viewing the 

rehabilitation results / statistics. The statistics can be viewed for two different time periods – for 

the current week or for the whole rehabilitation period. 

 

 

Figure 3. Main screen of the software. There are 2 main feature – Rehab/Train and View statistics. The statistics can 

be viewed for the current week or for the entire rehab period (see the tabs on the top) 

 

After clicking on the Rehab / Train button, the rehab tab will open up and the user will start the 

rehabilitation process. The exercise instruction is shown on the screen and it is also read out loud 

to the user, see Figure 4 below for more on the rehab screen. 
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Figure 4. The window during one of the rehabilitation exercises. A – This is the exercise goal, it appears on the 

screen permanently and it is also read out loud for the user; B – the feedback message, it contains a message telling 

the user if he is performing the exercise correctly or not, will also contain a message how to fix any issue if present, 

it is color coded – it’s green when everything is fine and red in case the exercise is not executed correctly; C – The 

exercise component that gives the user a feedback on the rehabilitation process, there are different components for 

different exercises; D – a checkbox that can be checked / unchecked, if checked the system will enter a special state 

that allows tracking the person while sitting (usually in a willchair); E – body tracking feedback, here the user can 

see how well the Kinect is tracking the body; F – exercise repetitions / total to be performed; G – the energy spent 

until now (measured in joules); H – current energy expenditure, it is also color coded – green when the user is not 

performing any major movement, orange in case of medium effort and red in case of high effort levels. 

 

3.2 System overview 

In order to undergo an efficient rehabilitation the system has to know what exercises suite the 

patient and what is the patient condition in general – how much effort he can bare for example 

and what are the safe ranges of motion for his joints. This will allow an effective rehabilitation 

process and will lower the risk of any injury in the training. Having a rehabilitation program that 

fits the capabilities of the patient will also increase the interest of the patient and will make him 

more willing to use the system in the long run. 

 

 

 Use-case UML diagram 

The rehab system has two main options for the patient – to rehab and to view statistics. Each of 

these two options has s subset of activities that can be performed, see the Figure 5 below. 
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Current implementation of the rehab system

Patient

Rehab

View Statistics

Range of motion

Precision of motion
(wrist position)

Reaction
(wrist is tracked)

Energy expenditure

<<extend>>

<<extend>>

<<extend>>

<<extend>>

Max / Min/ Average Stats
(table with stats)

Per training stats
(chart with stats)

Last week stats

All time stats

<<extend>>

<<extend>>

<<extend>>

<<extend>><<extend>>

<<extend>>

Shoulder Front Abduction

Shoulder Side Abduction

<<extend>>

<<extend>>

Elbow Flex

<<extend>>

Specialist

Asess patient

Prepare rehab program

 
 

Figure 5. General use-case UML diagram. The main actor, the patient, can undergo a rehabilitation and can view the 

results. Each of the rehabilitation types consists of multiple other possibilities illustrated as extending the primary 

activity. The secondary actor, the rehab specialist can perform a patient assessment, can set a rehab program or view 

rehab results. The secondary actor is the specialist - he deals with the patient assessment and viewing the 

rehabilitation statistics. There are no special user interface to aid the specialist to undergo the patient assessment and 

prepare a rehabilitation program, it’s considered out of the scope of this work. The assessment and the rehab 

programs are considered available at the moment when the patient starts the rehabilitation program. 

 

That said, there are some important preparation steps before the rehabilitation can start. These 

steps are the “Patient assessment” step and the “Prepare rehab program” step. These two steps 

are shown in the UML diagram as activities that the specialist can execute. These two steps are 

considered to be out of the scope of this project. These steps require specially tailored user-

interfaces and additional functionality which is not the main focus of this project. The 

assessment information and the rehabilitation program were entered manually into the database 

and can be edited at will using a standard database client.  

  

 Patient assessment step 

A patient assessment has to be carried out for every new user of the system. A patient assessment 

is intended to be carried out by a medical specialist to make sure all the data is correct and the 

patient gets the right rehabilitation program. The assessment step consists in imputing the weight 

of the patient, the range of motion of his upper limb joints – the shoulder and the elbow. The 
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range of motion measurements can be detected using this software by simply allowing the user to 

perform all the exercises. After the exercises are finished, the software will present statistics with 

the min/max and average range of motions for this user for every joint. The range of motion for 

the shoulder and the elbow are actually the angles to which the patient can rotate it. As described 

in 3.3.2, the shoulder angle has 3 planes of rotation – the frontal, the sagittal and the transversal 

planes, but only two of them are used in the rehab process – the frontal and the sagittal planes. 

The range of motion is computed separately for each of those planes. The elbow has only one 

plane of rotation. All these ranges of motion are computed when the patient uses for the first 

time the software. The patient body height and body parts lengths are automatically generated by 

the system during the exercises sessions. These measurements are important for computing the 

energy spent for each exercise. 

 Rehabilitation program step 

 

The rehabilitation therapist creates a rehabilitation plan for the patient by picking up different 

exercises from the existent exercise-set. A rehabilitation plan consists of a set of multiple 

exercises applied to a specific body part or a joint of the patient. The left and right hands, for 

example, can have different impairments, that’s why the doctor would pick up different exercises 

for the left and right hands. From the assessment step, the system has the information about the 

max flexion and extension ranges for joints and can make sure the patient gets all the exercise in 

a safe range to maximize efficiency of the training and to lower any negative effect of the 

training. For each particular exercise the doctor has to set the number of repetitions to be 

performed depending on the condition of the patient. 

 

 Rehabilitation process step 

 

To run the rehab software the patient will need a big screen to get all the visual feedback from 

the system, a computer with the software preinstalled and the Kinect camera. The user should be 

positioned at least 1.2m away from the camera. It was found that the best tracking results are 

achieved when the user is at a distance of 1.8m from the Kinect camera. 

 

 

Figure 6. The usual rehab scenario and the room requirements of at around 1.8m from the Kinect camera. 

From http://kotaku.com/5681452/the-ultimate-guide-to-xbox-360-kinect 

 

The patient selects the “Start rehab” button and the system prepares a list of exercise for this 

training session. The exercises are the ones that the specialist picked up in the rehabilitation 

program step, see 3.2.3. All the exercises are adapted to the patient, so the patient’s min/max 

range of motion are used, see more about this in the assessment step, section 3.2.2. 

 

http://kotaku.com/5681452/the-ultimate-guide-to-xbox-360-kinect
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As soon as the first exercise starts, there is a message on the screen saying what to do. If it’s a 

shoulder abduction exercise the message says “Please lift your {left/right} hand to the 

{front/side} keeping the elbow extended as much as possible”. The {left/right} and the 

{front/side} are actually replaced with the exact arm and the direction of movement when 

performing the exercise. In order to make the interaction simpler, the instructions for each 

exercise are also read out loud by the system. This is done by using Microsoft’s text to speech 

API.  

 

While performing the exercise the user gets a visual feedback on the progress. For example for 

range of motion exercises the user sees a graphical representation of the current abduction angle. 

 

The system monitors in real time the movements and notifies the user if he is doing well or if the 

exercise is not performed correctly. A correct exercise is considered the one that follows the 

instructions given to the patient before starting the exercise. For example the range of motion 

exercise for the shoulder should be done keeping the arm straight, without flexing the elbow. The 

system monitors the flexion level of the elbow and it will notify the user if he’s flexing the elbow 

too much. Every patient can have a different condition, some people are unable to keep their 

arms straight because stiffness in their elbow joint. The initial assessment step records both the 

maximum flexion and maximum extension of the elbow. This measurement is used to decide if 

the patient is keeping his arm as straight as possible. 

  

Each exercise type is repeated several times, the number of repetitions depends on the 

rehabilitation program prepared by the specialist. If the exercise is not executed correctly, the 

repetition counter will stop until the patient starts doing the exercise correctly. There are both 

visual and vocal feedback to let the patient know he is not doing the exercise correctly. The 

message tells the patient what should be corrected in order to continue the exercise, for example 

in case of a reaction training exercise, the patient has to lower his arm and should wait for a 

visual signal on the screen and he should rise his hand as soon as he notices the signal. If the user 

of the system is moving his hand while waiting for the visual stimuli to appear, the software will 

notify with a message “Please do not move your hand”. 

 

To get more details on the exercises performed in this step, see paragraph 3.3 below. 

 Results and Statistics step 

This step is very important for the patient. It is intended to show the progress of rehabilitation by 

providing different kinds of statistical information. The stats are available as two time periods – 

the last week results and the all-time results. The user can switch between them and get a better 

idea of the rehab progress he has achieved. 

 

The statistical information provided by this app will be described in details in the following 

paragraphs.  

3.2.5.1 Average results 

This section shows the average results that the patient could achieve in all available tests. So the 

user will see his best range of motion for all three types of movements – abduction front, 

abduction side and elbow flex. The patient will also get the average movement precision and the 

average reaction times together with the mean time and the mean energy expenditure for one 

training session. Here is an example of this representation: 
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Figure 7.  Statistics showing the average results in the rehabilitation. 

This information box is presented in a textual mode but could be very easily changed to a 

graphical representation to improve the reading speed and to increase the distance the user can 

read the stats. 

3.2.5.2 Personal Best 

This section is structured exactly as the previous one with the only difference that it displays the 

best values for all the measurements / exercises. This is a very popular way to boost the interest 

of the user since he can compete against his own records. Here is a sample of such information, 

you can compare this with the average values from the previous chapter and see the difference:  

 

 

Figure 8. This represent the best results achieved in a training until now. The patient can view the “all time” best 

results or the last week best results. 

 

If you compare these results with the “Average” statistics box you might notice that some data 

are the same. These are the absolute values like “Total Duration”, “Total Effort” – these are 

computed as a sum over all the training sessions that’s why they do not differ. All the other 

statistics differ considerably. 
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Just like the “Average results” box from the previous chapter, this information box is presented 

in a textual mode but could be very easily changed to a graphical representation to improve the 

reading speed and to increase the distance the user can read the statistics. 

 

 

3.2.5.3 Detailed result charts 

There are 8 different charts presenting different aspects of the rehabilitation. These charts give an 

insight into the rehabilitation progress and the patient has access to all the data. These are all the 

charts available: 

1) Duration of a training 

2) Effort / Energy spent 

3) Joint Range (range of motion as an average for all joints) 

4) Joint front range (shoulder abduction front) 

5) Joint side range (shoulder abduction side) 

6) Joint flex (elbow flex) 

7) Motion Error (precision of motion) 

8) Reaction time 

 

Here is an example of a reaction time plot from within the rehab software. This graph is  

 

 

Figure 9. Graphical representation of the reaction time evolution. As we can see from the plot the reaction time is 

pretty constant until training #21, when we can observe a very abrupt increase in the reaction time. In this particular 

case the reaction time increased from a 286ms to a staggering 727ms.  

 

In Figure 9 we can see a plot from within the user interface. This chart is available for the patient 

at any time when he wants to review his rehabilitation progress. In this particular case there is a 

very sharp increase in the reaction time starting with training #21.  This is a sign of a very abrupt 

change in the fitness of the patient. Detecting such spikes is very important for a home-based 

stroke rehabilitation software. A patient can sometimes not realize that something in his 

condition changed, the system will make these changes visible in the rehabilitation progress 

charts. 

 

 

3.3 Rehab process and exercises 

In section 2.2 and  2.2.1, the current rehab process of stroke patients is described.  This section is 

focusing in adapting the existent stroke rehabilitation methodologies and exercises to be used 

with the Microsoft Kinect camera.  Not all exercises used in stroke rehabilitation can be 
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effectively used in an autonomous rehab process with the Kinect camera. The reason for this is 

the limitations of the camera – for example the camera cannot discriminate the fingers of the 

person so the system cannot automate exercises that include fingers or palm coordination. 

 

Besides the discrimination of body parts another issue limiting the set of exercises that can be 

used with Kinect is the sensibility and reliability and consistency of data. The absolute value of 

the 3D data tracked by Kinect is not very important, but relative movements of joints is critical. 

Rehab exercises are basically a set of relative movements that do not require the global 

coordinates system (LaBelle, 2011).  Kinect joint tracking is not very accurate, it’s somewhere 

around 2cm precise, so it’s impossible to automate exercises which employ fine grained moves 

and need high fidelity of tracking (LaBelle, 2011). 

 

 Home rehabilitation 

One of the key recommendations from the stroke center in the Danderyd Hospital is to make sure 

the system cannot be “fooled”. Any rehabilitation process involves a huge effort and 

commitment from the patient. When doing the exercises in a specialized center the patient is 

more motivated to perform the exercises and patients are supervised to make sure the exercises 

are done correctly. In a home rehabilitation setup there is no staff that can supervise the patient, 

and the autonomous rehab system take over this responsibility. 

 

To assure correct execution of exercises, every exercise has defined validation routines. For 

example for the front abduction exercise, the patient keeps his arm straight and rises it up in the 

sagittal plane, The system keeps track of the elbow joint angle and if the arm is not straight, the 

user will get notified and the exercise will not continue until the user will correct himself.   

 

The system also keeps track if the user is lifting his arm in the sagittal plane. If there is a 

considerable deviation than the system detects this fact and it notifies the user about this. 

 Range of motion exercises 

A set of simple exercises for the upper limb rehabilitation is presented. The primarily goal of 

these exercises is to improve the range of motion of the shoulder and elbow joints and 

secondarily to improve muscle tonus and overall physical condition.  

 

3.3.2.1 Shoulder range of motion 

Shoulders are a very special joint that allows rotating the arms in different planes and not only in 

one plane as for example the elbow joint does. The shoulder has 3 planes of motion: 

1) Frontal Plane – the frontal plane divides the body into front and back. Movements in this 

plane are sideways movements, called abduction and adduction. 

2) Sagittal Plane – the sagittal plane passes through the body front to back, so dividing it 

into left and right. Movements in this plane are the up and down movements of flexion 

and extension. 

3) Transverse Plane – this plane divide the body into top and bottom. Movements in this 

plane are rotational in nature, such as internal and external rotation, pronation and 

supination. 

 

There will be 2 exercises that will train the range of motion of the shoulder in 2 dimensions out 

of the 3 listed above - the sagittal plane and in the frontal plane.  
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The first exercise is the frontal plane and it’s called arm abduction to a side. The exercise starts 

with the patient having both his arms looking down in a relaxed posture, in an anatomical neutral 

state. The exercise consists in rising one of the arms up as much as possible. The rising of the 

arm is done in the frontal plane, so to a side from the body, the arm should be kept straight 

without flexing it in the elbow, see Figure 10 below. 

 

 

Figure 10. Arm abduction to a side  

(from http://www.maitrise-orthop.com/viewPage_us.do?id=1010). 

 

This exercise is performed with only one arm at a time. Patients should try rising the arm as high 

as possible. The system tracks the arm and computes the maximum angle they can abduct the 

arm. The angle is measured between two imaginary lines - the line that connects the wrist with 

the shoulder and the second line is a vertical line that intersects the shoulder joint. In this way in 

the relaxed state when both arms look down, the abduction angle is very small, close to zero. As 

soon as the arm starts rising, the angle increases gradually until it reaches a maximum value.  

The second exercise for the shoulder joint is the arm flexion. This exercise is exactly the same as 

the previous one except the arm rising is done in the sagittal plane, so the arm is lifted to the 

front of the body. Again the arm should be kept straight and should not be flexed in the elbow.  

 

To make sure the exercise is performed correctly, the system constantly computes the shoulder 

and the elbow angles. Since the arm should be straight, the system makes sure the elbow is 

extended as much as possible. This is done by informing the user that he should keep his arm 

straight in order to finish the exercise. The feedback is given to the user in two ways – there is a 

text message on the screen and there is also a vocal notification which is read out loud to the 

user. The message is informing the user what he should correct in his pose in order to do the 

exercise correctly, for example “Please keep your arm straight”, or “Please do not move your 

arm until you see the mark on the screen”. Every patient can have a different fitness level which 

was assessed before the rehab program by the rehabilitation specialist. If a patient cannot keep 

his arm straight because of the elbow stiffness, then the system will take that into account and it 

will allow that patient to perform the exercise with the arm slightly flexed, but only in the range 

detected in the assessment step.  

  

3.3.2.2 Elbow range of motion 

The elbow is a much simpler joint, it has only one plane of rotation. We can only flex the elbow 

in one way. Because of this we will use only one type of exercise for the elbow – the elbow 

flexion.  
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Figure 11. Elbow flexion  

(From http://medical-dictionary.thefreedictionary.com/Elbow+flexion). 

 

In this exercise the system tracks maximum extension angle. To make sure the exercise is 

performed correctly the system uses the maximum flexion and maximum extension angles for 

the elbow. This parameters are present in the user profile. A flexion will be considered as 

successful if it reached the maximum flexion angle for this patient. Reaching the maximum flex 

angle is not enough, the next thing is to extend the elbow back as much as possible and reach the 

maximum extension angle. If this is done then the system counts this as a successfully finished 

flexion. 

 Precision and motion dexterity exercises 

The motion dexterity exercises in our particular case are meant to improve overall coordination 

and precision of motion with the arms. It is very usual that stroke patients have difficulties 

performing their daily activities like picking an object or putting it in back on a specific spot on 

the table or shelves. This exercise is intended to improve this aspect of the impairment.  

 

The exercise consists in following a predefined trajectory as close as possible.  This can be 

accomplished by showing a line on the screen and map a patient wrist into the screen 

coordinates. The mapped arm would be shown as a circle for example. Now the patient can 

move his arm and that would reflect in the motion of the circle on the screen. The mission of the 

patient would be to move the circle along the predefined line from the screen. The goal is to 

follow the trajectory as close as possible. The deviation will be measured in real time and a mean 

value will be saved after the exercise is finished. 

 

This exercise consists of following a linear path, when the patient will reach the end of the 

segment, the system will generate the next segment to follow. The new segment will have its 

beginning in the current location of the patient arm. In this way the user is basically following a 

polyline. The segments from the polyline are generated on the fly. The segments are generated 

randomly within the user’s max/min range of motion. 

 Reaction exercises 

After a stroke the reaction time to different external stimuli can be affected. The source of this 

could be the information from the sensors being processed slower or the motor centre from the 

central nervous system (CNS) is affected and the muscles get the signal slower and with lower 

power affecting the reaction time. 

 

http://medical-dictionary.thefreedictionary.com/Elbow+flexion
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The exercise to train the reaction consists of showing a visual stimuli to which the patient has to 

react by moving one of his joints. The task could be to abduct the right arm or to flex his left 

elbow or any other possibility. Every patient would be prescribed to use the joint that is most 

affected by stroke and would benefit the most from the exercise. The Kinect camera would track 

in real time any significant move of that particular joint and if the movement is higher that some 

given margin that would be considered as a reaction to the stimuli. 

 

An important point here is to make sure the person does not do constant moves with this arm in 

order to fool the system and get the a non-realistic reaction time. To overcome this the system is 

constantly monitoring the motion speed of the wrist, it should be smaller than a treashold. 

3.4 Rehab indicators computation 

The system uses simple indicators for analyzing the rehabilitation process of stroke patients. An 

indicator is describing a particular aspect of the patient’s level of fitness. By comparing the 

indicators of the patient at different moments in time we can get an idea of the progress in the 

rehab process. In Chapter 3.3 the rehabilitation exercises that were prepared for the stroke rehab 

scenario are presented. Every exercise has its own indicator that best computes a qualitative 

measure of the rehabilitation process. There are few indicators that are computed for the whole 

rehabilitation process and not for a particular exercise – the total energy spent and total time 

spent on training. 

 

 Range of motion indicators 

The range of motion indicator is the max angle the patient can extend a particular joint measured 

in degrees. As described in Chapter 3.3.2, the focus is on the shoulder and elbow joints only. 

 

These are the range indicators computed: 

a) Shoulder abduction side range 

b) Shoulder abduction front range 

c) Elbow flex range 

 

This indicator is computed by computing the angle between the wrist, the elbow and shoulder. 

This indicator is computed in 3D coordinates by computing the angle between three 3D points – 

the shoulder, elbow and wrist. 

 

 Motion Precision / Dexterity indicator 

This indicator will be used to get a qualitative measure of the dexterity exercises. This indicator 

is computing the mean deviation from the imaginary path that the arm should follow. At every 

frame the software is computing the distance between the arm projection and the line it should 

follow. This is saved and a mean value is computed at the end of the exercise. 
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Figure 12. Path follow scenario (S - the starting point, G - the goal point to reach, SG - the ideal path to follow, H - 

the position of the hand, T - the projection of the hand to the path, SH – the real path of the hand due to impairment, 

HT - the deviation from the path, ST - part of the path already finished, TG - part of the path left). 

 

This indicator is computed on a plane. The plane is considered to be the XY plane of the Kinect 

camera (See Chapter that show the Kinect plane) 

 

In order to find the mean error εmean of moving the hand from point S to point G we need to find 

the sum of all n errors that occurred for each measurement εtotal =  ∑ 𝜀𝑘
𝑛
𝑘=1  and divide it by the 

number of measurements n: 

𝜀𝑚𝑒𝑎𝑛 =
∑ ε𝑘

𝑛
𝑘=1

𝑛
 

 

Since Kinect tracking is not perfect, the algorithm will also perform a simple outlier detection to 

make sure that a lost tracking or a faulty measurement will not add too much error to this 

equation. The outlier detection algorithm is based on the assumption that the hand cannot change 

the speed too much in a short period of time. A testing environment was set in order to detect the 

absolute maximum speed change that can happen in the most aggressive movements a user could 

make. The speed change can be thought as the acceleration of the arm. Every frame that comes 

from the Kinect camera contains a list of all the joints detected and the coordinate for each joint. 

Since the frame rate of tracking is equal to 25frames / second, the time between frames is equal 

to 40ms. It is very easy to compute the speed of every joint by comparing the coordinates of the 

joint from the current frame with the coordinate from the previous one and divide it by the time 

difference from the two consecutive frames, hence 40ms. Even if theoretically the frame length 

is 40ms, in practice this value varies quite a lot. This is because the Kinect camera is not just 

passively recording the video stream, it is also engaged in a very computationally expensive 

process of body parts detection and tracking. This adds a lot of variation in the frame rate. The 

variation depends on the computer performance and on the scene complexity (how many persons 

are being tracked, how reliable is the tracking, how fast is the person moving, etc). So the system 

cannot rely on the frame length being exactly 40ms. Luckily each frame that comes from the 

Kinect camera contains the timestamp that marks the moment in time the frame was recorded at.  

Even if there is a delay in the computation and the new frame will come with a slight delay, we 

can compute the speed and the acceleration of every joint with a good accuracy relying on the 

timestamp measure that comes included in every new frame. So the speed is computed by 

dividing the displacement of the joint in two consecutive frames and the time difference. The 

acceleration is computed by dividing the speed change from two consecutive frames by the time 

difference from those frames. It was found experimentally that that the maximum speed change 

that can happen during a usual exercise in a time segment of 40ms is approximately 1.2m/s.  If the 

speed changes more than this threshold, the data is considered altered and the computation for 

that specific measurement is skipped. This helps in making the Kinect tracking more stable.  
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 Reaction time indicator 

The user stands upright, in a relaxed posture with both of his arms down. At a moment in time 

the user will be shown a visual stimuli on the screen that he has to react to by lifting one of his 

arms. The system will detect any significant motion of the arm and thus will detect the moment 

in time that the user reacted to the signal and hence the reaction time will be computed. The 

mean value of this indicator will give a good insight into how good the reaction of the patient is. 

This exercise is testing two pathways - the visual pathway and the motor pathway. Both visual 

motor impairments are a very frequent disabilities in stroke patients and this exercise can give a 

useful insight into how well these two pathways work in conjunction. 

 

The first thing, to make the results reliable, the visual stimuli has to appear unexpectedly. This is 

accomplished by adding a random value to the timer that varies between 3 and 7 seconds. This 

range was chosen so that the user can have time to prepare from the previous arm lift and at the 

same time the user does not have to be focused for too long waiting for the visual stimuli to 

appear because that is quite stressing and it also makes the measurement less precise. Increasing 

the waiting time increase the variance in the results. 

 

The second aspect is making sure the arm of the patient is not moving before the stimuli is fired. 

Because of this there is a special block in the system that monitors the current speed of the elbow 

joint at any given time and if the speed is higher than a small threshold then the user will be 

asked to stop moving the arm.  

 Total energy spent indicator 

This is an indicator that is measured in background for all of the exercises. This indicator is also 

shown to the user both numerically and also as a widget that shows the current energy 

expenditure. This adds some level of gamification and interest to the exercises. 

 

The energy of an object is equal to the sum of kinetic energy (Ec) and the potential Energy (Ep), 

like this: 

𝐸 = 𝐸𝑐 + 𝐸𝑝 

Where the kinetic energy is equal to 

 

𝐸𝑐 = 𝑚 ∗
𝑣2

2
 

And the potential energy is equal to: 

𝐸𝑝 = 𝑚 ∗ 𝑔 ∗ ℎ 

 

If we compute the energy of the object at time Tt-1 as Et-1 and at time Tt as Et we can get the 

energy needed to move the object like this: 

∆𝐸 = 𝐸𝑡−1 − 𝐸𝑡 
 

So, to compute the energy we need the mass, the speed and the position of the object at time t-1 

and time t. 

 

The arm weight is estimated using a special body ratio table (Clauser, 1969). The arm is 

simplified to a simple homogeneous bar with the center of mass in the middle of the segment. 

Now using the body parts mass ratio we know that the upper hand, the forehand and the hand 

combined constitute around 5% from the body mass (Clauser, 1969). The system knows the 

body mass of the patient from the initial therapist assessment (Mbody), hence we can get the mass 

of the arm (Marm) easily by computing this simple ratio: 
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𝑀𝑎𝑟𝑚 = 𝑀𝑏𝑜𝑑𝑦 ∗ 0.05 

 

Next thing is to compute the exact coordinates of the arm point of mass. We can do this by using 

the position of the forehand, upper hand and hand, and computing the center of mass of the 

combined structure, let it be named Pcenter. This point simplifies the arm with all the joints to a 

point-like object that holds the whole weight of the arm. This will make the energy consumption 

computation much simpler. Of course this method will add a high level of error to the 

computation, but since the energy computation is not the main focus of the work, this will be 

considered as ok method to estimate it. 

Here is how we can compute Pcenter - we get the 3d coordinates of the shoulder, the elbow and the 

hand and computing the average value along all three dimensions. The resulting point is 

considered the center of mass of the whole arm. The reason behind this logic is that the upper 

hand compared with the forehand together with the hand have roughly the same weight and same 

density (Clauser, 1969), this allows us to compute the center of mass by simply getting the 

average value of those 3 joints, like this: 

𝑃𝑐𝑒𝑛𝑡𝑒𝑟 =
𝑃𝑠ℎ𝑜𝑢𝑙𝑑𝑒𝑟 + 𝑃𝑒𝑙𝑏𝑜𝑤 + 𝑃𝑤𝑟𝑖𝑠𝑡

3
 

 

With Pcenter we can easily compute the potential energy of the point. We would use the y 

coordinate of Pcenter to get the height of the object. 

 

In order to get the kinetic energy of the point we need to compute the current speed of the point. 

This is done by getting Pt-1
center for the previous time sequence (or camera frame) and computing 

the speed as the distance divided to the time taken to make the move, like this: 

𝑣 =
𝑑

𝑡
 

The distance in our case is the distance between Pt-1
center and Pt

center. The time t is accessible from 

the Kinect camera which provides the timestamp for every frame it records.  

 

The following two figures illustrate the center of mass and how that changes when the arm is 

flexing or rising up. 
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Figure 13. Flexing the forehand while keeping the upper hand stable, flexing only the forehand results in a small 

center of mass displacement and hence a small energy expenditure. 
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Figure 14. Rising the hand while keeping it straight in the elbow, notice the much bigger center of mass change, 

hence a much higher energy expenditure. 
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 Total time spent indicator 

This is a simple sum of the time spent exercising in a training. It will be used as an indicator of 

how much effort the patient is investing into his rehabilitation program at home. This will be 

counted as for individual exercises and for the whole training session that will represent the sum 

of time send on individual exercises. 
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4 SOFTWARE IMPLEMENTATION 

 

4.1 Development Platform 

As mentioned before, the Microsoft Kinect camera can be used with the official drivers from 

Microsoft on the Windows OS or the non-official drivers on a Linux system. 

 

I chose to use the Microsoft platform. This decision is based on the ease of use of the 

development tools – Visual Studio 2012 Ultimate edition (provided for free by Microsoft for 

KTH students). Another argument is the short version cycle. Every half a year there is a new 

version of the SDK featuring new capabilities and improved performance and tracking). There 

are also some new tools added to the SDK. One of the tools is the Kinect Studio which allows to 

save and replay a scene. Every time you replay the recorded scene, the Kinect enabled 

application reacts to the data as if it would come directly from the sensor. This proofs to be a 

very useful tool when developing Kinect enabled applications because you do not have to stand 

up in front of the camera every single time you need to do some more testing. You can record 

some test scenes and then focus on developing the software. 

 

The hardware development platform: 

a) Microsoft Kinect for Xbox (thank you Softronic AB for providing it during the thesis) 

b) A laptop - DELL Inspiron N5110 with 8GB RAM and a 2630QM CPU running 

Windows 7 Ultimate. 

 

 User Interface Platform / Framework 

I had a lot of debate when choosing the right graphical platform to use in this project. I needed a 

platform that would allow drawing and moving graphical elements, I needed the user interface 

(UI) to be responsive and to allow me to create a richer user-experience. I tried out different 

visual platforms ranging from simple Windows Form applications in C# and up to 3d engines 

like Micrososft XNA and Unity game engines. The Windows Presentation Foundation (WPF) 

proved to be the best in context of this project, review the table below for details on this. 

Table 1. Comparison of different graphical platforms. The WPF platform is the winner being simple to use, allowing 

more advanced user interface functionality like zooming and rotating components, adding shadow, transparency, 

etc. Another big advantage of the WPF platform is the MVVC / MVVM pattern that is already integrated in the 

framework making development easier. 

Platform Ease of 

use 

Prebuilt UI 

elements (buttons, 

tabs, etc) 

Zoom / 

Rotate  

Beautify elements 

(shadows, 

gradients, etc) 

Hardware 

Acceleration 

Uses 

MVVC / 

MVVM  

Windows 

Forms 

+ + - - - - 

WPF 

(.NET 

4.5) 

+ + + + + + 

XNA - Needs library + + + - 

OpenGL / 

Direct3D 

- - + + + - 
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 Design Pattern - MVVM 

A design is a general reusable solution to a commonly occurring problem “Design Patterns: Elements of 

Reusable Object-Oriented Software” (Gamma, Helm, Johnson, & Vlissides, 1994). The system was 

programmed using the Model-View-View Model (MVVM) design pattern.  

This pattern has a lot of similarities with the more popular and omnipresent pattern called 

Model-View-Controller (MVC). These two are similar with each other in the sense of abstracting 

and separating the data considered the Model from the user interface which is considered the 

View and the flow of control, also called the Controller. 

 

View Model

ViewModel

Business Logic

UI Logic
Business Logic

Passes calls to

Fires Event

Fires Event

Manipulate

User Interaction

 

Figure 15. The Model-View-ViewModel diagram. 

 

MVVM is targeted at UI development platforms which support event driven programming (like 

WPF). MVVM adds a level of abstraction called ViewModel which exposes all the needed 

information for the View. The ViewModel does not have to access directly or to update the 

View. The View instead binds to the properties of a ViewModel and when a property in the 

ViewModel is updated, the values from the View get updated automatically, this is done by 

firing an event in the ViewModel to which the View responds by updating the UI to the latest 

state. If a user clicks a button in the View, the ViewModel function responsible with processing 

that request is called (Microsoft). These particularities decouples the view from the data and 

makes developing user interfaces much easier.  

 

 

4.2 Database structure 

The database structure shows the information used in the software and it is a very informative 

insight into the system. The following sections will describe these tables with explanations about 

the patient entity, the prescribed rehab program for the patient, about the training entity and the 

exercises. 
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Figure 16. The database structure of the system. 

 

As we can see from the figure above, the structure of the system is very simple. This is due to the 

fact that the system stores only the most necessary information. In order to get an insight in each 

of those tables, you can read the next subchapters that follow. 

 

 The patient table 

The system has the patient as the central part of the database. The rehab system keeps general 

knowledge about the patient like date of birth (DOB), social security number (SSN), first and last 

names, patient weight, height and also a reference for the hand table that keeps detailed info on 

the left and right hands of the patient. The hand table keep information about the range of motion 

of the hands: 

 abduction_front_max – the max angle the hand of the patient can abduct in front of the 

body, so in the sagittal plane, abduction is done from the shoulder joint so this is a very 

useful information in preparing the exercises for the user. (See section 3.3.2.1) 

 abduction_side_max – the max angle the hand can abduct to a side, so in the frontal plane 

of the body (See section 3.3.2.1) 

 flexion_max – this is related to the elbow joint and it tells how much the elbow joint 

allows the arm to flex. The angle is equal to zero in case the arm is totally extended and 

has a value of around 160 degrees in a person with a good fitness. 

 extension_max – this is how much the elbow joint allows to extend the arm and it is 

equal to 180 degrees if the person can totally extend the arm. 

 

 

hand

id_hand

is_right

abduction_front_max

abduction_side_max

flexion_max

extension_max

patient *

id_patient

dob

ssn

fname

lname

weight

height

fk_hand_right

fk_hand_left

task_prescribed

id_task

fk_patient

is_right

exercise_type
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task_time

training

id_training

fk_patient

start_time

end_time

total_time

total_effort

mean_range

mean_precision

mean_reaction

total_score

training_exercises

id_training_exercise

fk_training

fk_task_prescribed

start_time

end_time

total_time

total_effort

range

precision

reaction

score
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 The task prescribed table 

The therapist should make a general check of the patient and prepare a rehab program that best 

suits the level of disability of the patient. The rehab program will be composed of a multitude of 

exercises. There are 3 main groups of exercises – the range of motion exercises, precision 

exercises and the reflex / reaction exercises. The training program would normally be composed 

of a set of exercises from all 3 groups. 

 

The task_prescribed table keeps track of the patient the prescription is for, the type of exercise 

the patient performs, the number of repetitions of that exercise or the time to perform that 

exercise. When the patient will start his rehab exercise, the system searches for all exercises and 

generates a queue for the user to perform, this is discussed in the next section. 

 

 The training table 

When the patient starts a training, usualy at his home, then a new record is created in the table 

with the start_time and the patient identifier. The system then picks the first exercise from the 

table task_prescribed for this patient and starts the component for that exercise. For each 

exercise in the queue the system adds a new record into the training_exercises table, more on 

this in the next section. 

 

 The training exercises table 

As described in the previous section, when an exercise starts, a new record is added to the 

training_exercises table with the start_time. During the exercise the system keeps track of all the 

statistics needed to be reordered and at the end of the exercise the stats are integrated and saved 

into this table. The information saved when the exercise is ended are: 

 end_time 

 total_time 

 total_effort (measured in Joules) 

 range (range of motion for this exercise – the max value only) 

 precision (measured in mm) 

 reaction (measured in seconds) 

 score (a gamification score that integrates all the indicators in a single one) 

 

 

4.3 Main Components 

A component is a software package that encapsulates a set of relates functions or data into one 

entity. In this project components are used to build up blocks of software that are responsible for 

different rehabilitation processes. Each of these components deals with the whole stack of 

responsibilities – starting with getting the raw data from the Kinect sensor, processing it, storing 

it into the database but also presenting the user interface and dealing with the user interaction. 

 

Here is a high level overview of the key components for this project: 
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Figure 17. General level component structure. The top level is the most general component which provides the high 

level interaction with the framework. This high level class provides means for any component to be notified when 

the Kinect camera received new data. A component can subscribe to get the latest data from the Kinect and interact 

with the user in the right way and at the right time.  

 

 The Kinect Data Processor Component 

The KinectDataProcessor component represents the parent to all the components that need to 

process data from the Kinect camera. This component is tailored in such a way that it gets 

notified when the Kinect camera gets any new tracking data. The component does not have 

exclusive access to the Kinect, it is very loosely coupled with the Kinect camera. This is possible 

thanks to the Observe design pattern (Gamma, Helm, Johnson, & Vlissides, 1994).  

This loose coupling allows multiple components that extend KinectDataProcessor to get notified 

whenever new tracking data is available that should be processes. This allows new tracking data 

to be processed without any resource sharing issues. Basically we can have a multitude of 

components all responding in parallel to any new data arriving from the camera without any 

blocking issues whatsoever, this is one of the building blocks of the whole project that makes it 

possible to have multiple UI widgets that are standalone components but can be placed on the 

screen and can process the data that comes from the camera in parallel without any resource 

sharing issues. 

 

The subscription is implemented by following the Observer Pattern (Gamma, Helm, Johnson, & 

Vlissides, 1994). There are 2 actors in the Observer patter – the Observer and the Subject. The 

Subject is the entity that we are interested to observe. The Observer is the element that gets 

notified of the Subject’s state updates. There can be multiple Observers monitoring the Subject at 

the same time. In this particular case the Kinect Camera is the Subject and the components that 

need the Kinect data are the Observers. 

 

The Publisher-Subscriber is a more advanced variation of the Observer pattern - observers can 

subscribe and unsubscribe on the fly as needed. This is much more convenient since components 

should get notified only if they need to (only if the component is placed on the UI and is active). 

The Publisher-Subscriber pattern is implemented using the .NET 4. Platform that provides two 

useful interfaces specifically for this purpose IObservable and IObserver. The IObservable 

interface declares the subscribe() method that should add a new Observer to the notification list 
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kept on the Subject’s side. The IObserver declares a method called onNext() that provides the 

Observer with new data that comes from the Subject. In this way the Observer has the chance of 

processing the new data and updating the UI as needed. 

 

 

Figure 18. The KinectDataProcessor component, this is the Observer or subscriber element from the Observer patter, 

see the text above for details. 

 

 The Application Component 

This component represents the main application. The Application being a component does not 

add any restriction of any sorts but brings in a lot of benefits. Being a component the application 

is using the same file structure and the same usage scenario – in the same way it loads the View 

and uses the Model, this makes the project easier to understand. Also, the fact that the 

Application component extending the KinectDataProcessor it automatically makes it able to 

receive Kinect tracking information that can be used internally. 

 

Here are some of the main responsibilities of the Application component: 

 keeps the database record about the patient doing the training; 

 can start/finish a training; 

 can start/finish an exercise; 

 whenever a new exercise finishes, the Application component will create a new record in 

the database and will gather all the statistical information regarding the finished exercise 

(energy spent, time taken to finish exercise, etc. ) and will save them in the database; 

 deals with error messages from components and presents them to the user in a centralized 

way; 

 provide the text to speech functionality for other components that need to give the user a 

voice clue on how he is performing; 

 initializes and destroys all the components according the application logic; 

 controls the window and the tabs on the application screen; 

 has direct access to all components;  

 

Here is are the class diagram for this component: 
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Figure 19. The Application Component, the main controller that is responsible for the menu navigation, starting a 

training, initializing different components, destroying unnecessary components, etc. 

 

 The Energy Spent Component 

This component extends the KinectDataProcessor component and thus inherits all the special 

behaviours I presented in 4.3.1. This component gets notified when the Kinect camera has new 

tracking data and thus has the chance to compute the energy expenditure by comparing the 

previous joint position and speed with the new ones. The component has the chance to update the 

UI and present the new data to the user.  

 

This component becomes active as soon as a training session is started. It integrates the energy 

expenditure for any exercise performed and saves this info to the database for future review. It 

also computes the derivative of energy expenditure to reflect how much effort the user performs 

right now, in this moment in time. This component was designed to add more interest to the app 

by providing real time feedback to the user that should add some level of gamification to the 

rehab process and this proves beneficial for the patient. Below you can see how the component is 

shown in the user interface. 
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Figure 20. Energy spent while exercising. This is an actual example of the component in the application window. 

(A - Total Joules spent in this training session, B - current level of effort, color changes from green for low effort 

level to orange for a medium effort level and to red for a very high effort level) 

 

The energy expenditure computation has been described in details in section 3.4.4 so please refer 

to that chapter for formulas and energy expenditure computation. 

 

Here is the class diagram for this component: 

 

Figure 21. Energy Spent Component (left) and the Model (right). This component computes the total energy 

expenditure and presents it in user friendly way. EneryTotal is measured in Joules and the EnergyTotalKCal is 

computed in KCalories. 

 

 

  Base Exercise Component 

This is an abstract component meaning that it only provides a base structure for all the other 

components that will extend from this component, there are two different components that 

extend from this one and implement five different exercises – the abduction front, abduction 

side, elbow flex, reaction time and motion precision exercises. 
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Figure 22. On the left - the BaseExerciseComponent - an abstract component that is used to implement different 

types of exercise components. On the right – the BaseExerciseModel – the building block for all models that need to 

process exercise data. 

 

As we can see from the class representation, the component adds the ability to access the 

Application component from within an Exercise component and nothing more.  

The Model defines the whole structure of what data will be accessible to any Exercise Model. 

From Figure 22, on the right we can see that any exercise Model will have access to a multitude 

of data like: 

 joint coordinates (shoulder, elbow, wrist) 

 patient information (patient data like weight, height, age, etc. ) 

 task to be performed (the exercise options like minimum time to exercise, number of 

repetitions, etc. ) 

 exercise progress (start time, time spent on this exercise, repetitions done,) 

 

This Model also defines generic methods that should will be used by all other components 

realizing a concrete exercise type, so a method like CheckGoal() would be used for any kind of 

exercise, and properties like RepetitionsLeft, RepetitionsDone will be reused for any other 

exercise.  
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 The Clock Component 

The Clock component was designed as the component that would be used to best represent the 

angle of a joint. The exercises that involve rotating the arm are using the clock component. For 

example when the patient is performing the flexion of the elbow, the arrows on the clock point 

down meaning a zero flexion angle. As soon as you start flexing, the arrow starts rising giving a 

real time feedback on the amount of flexion performed.  

 

There are some minor adaptation of the component depending in what scenario it is used. In case 

of flexion and abduction there goal of the patient is to increase the range of motion so there is a 

mark on the clock that shows the maximum range of motion achieved. If the patient exceeds that 

range of motion, the mark moves to the new range. 

 

The reaction exercises use this component, but this exercise is using the special mark to highlight 

the position where the arm should be brought in order to start the second repetition of the 

exercise. 

 

 

Figure 23. The Clock component - a clock is very well suited for representing angles that's why this component is 

used for range of motion exercises. A – the maximal angle the patient could flex his joint, B – the current position of 

his joint, C – the current angle of the joint, D – the relaxed position, E – the number of repetitions done, F – the total 

number of repetitions to do, G – the energy spent, measured in joules, H – the real-time activity meter – currently it 

shows no activity.  

The data structure of the Model for the Clock Component is presented in Figure 24 below, in a 

class diagram. The model contains the functions for computing shoulder angles, wrist angles that 

are required for detecting the abduction front, side, elbow flexion. Another important function is 

detecting the relaxed state of the arm. This is needed to understand when the arm of the patient 

starts moving, this is used for detecting two things – the reaction time and the moment when the 

patient is ready to start a new exercise. 
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Figure 24. Class diagram of the Clock Model. The Model presents the methods for computing range of motion for 

the shoulder and the elbow, computes the reaction time used in exercising that measure the reaction time. The 

component is responsible to monitor if the goal was achieved, if the number of repetitions was achieved, it also 

computes all the angles necessary for this. 

 

 The Line Follow Component 

This component is designed to be used in exercises that measure the precision of motion of the 

hand. The exercise is described in detail in 3.3.3 and the indicator measured here is described in 

section 3.4.2, please review these chapters for more background info on this. 
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Figure 25. The Line Follow Component - this is a coordinate system where the origin coincides with center of the 

person. S –starting position, G - the destination point (the goal point), H - Position of the hand. The arrow represents 

the path (with a good dexterity should be a straight line) 

 

4.4 Error messages and user feedback 

One of the important parts in this project is organizing a viable error handling mechanism. The 

challenge is to make sure all the errors are shown to the user but at the same time the user 

doesn’t get flooded with error messages. 

 

When performing an exercise the user follows some guidelines, if the user doesn’t follow these 

guidelines the system notifies him about this. A simple example is the reaction exercise – before 

measuring the reaction the system makes sure the user doesn’t move his arm in order to make the 

measurement more precise. If the user does move his arm, the system will pause the execution of 

the exercise and will notify the user to not move his arm. This simple example presents a small 

challenge itself. The point is that all these exercise tests are performed in real time on every 

frame, does this mean this warning should be fired on every frame too? Obviously the answer is 

no. The solution for such general problems is using either throttling or debouncing.  

 

Throttling limits the max rate of execution of a function. The first execution starts as the function 

is called. Every new call to this function will not lead to a new execution of the function. The 

function runs again only if it’s called after a fixed period of times. The function runs only once in 

a fixed period of time even if it’s called continuously. This is a very good property that can be 

used to limit the amount of messages that appear on the user interface, especially in the case of 

error messages. Please see the figure below for a representation of throttling. 

 

 

Figure 26 - Throttling - limiting the execution rate of a function, even if the function is called in a loop it will only 

execute with a particular rate. A - function call, B – actual function execution 

(source: http://benalman.com/projects/jquery-throttle-debounce-plugin/) 

 

 

Debouncing is postponing the execution of a function until N milliseconds after that function 

was last called. If you call the function before it executes you are actually postponing it even 

more. This is really good when working with user interfaces – we don’t want to get the 

information on the user interface to flicker and to update too fast. Please see below a 

representation of debouncing. 

 

 

Figure 27 - Debouncing, A - function call, B - actual execution of the function. If a function is called multiple times, 

debouncing allows postponing the execution with a fixed period of time from the when the function was last called. 

(source: http://benalman.com/projects/jquery-throttle-debounce-plugin/) 

 

 

In this project I used a combination of these two concepts. The system works like this – there is a 

http://benalman.com/projects/jquery-throttle-debounce-plugin/
http://benalman.com/projects/jquery-throttle-debounce-plugin/
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central component that deals with all the errors in the software. It’s a singleton component, 

meaning it’s an unique, central component that has the responsibility to catch all the warnings, 

order them and show them in the user interface in a user friendly way. This means the warning 

message should stay on the screen enough time so that the user can read it, understand it and take 

action. The error should also be read out loud only once and should not be repeated multiple 

times because that would be very annoying for the user.  

 

The warning component has a set of predefined warning types. Each warning type has a set of 

parameters attached to it that influence how long the warning should be visible on the screen, 

how fast the warning should appear in the user interface and so on. 

 

When warnings are fired, the central component catches them. The UI will not show the message 

immediately because the warning could be gone in the next frame and there is no real need to 

react too fast to a warning message. That’s why there is a buffer in the dictionary that makes sure 

that only if an error is fired enough times in a period of time it will be show to the user. When 

processing joint coordinates and angles there are a lot of outliers that can cause warnings – this is 

a reliable way to separate random computation errors from reliable data. 

 

Warning messages are thrown on every new Kinect frame, so at a rate of 25fps, or 40ms until a 

new frame. The user doesn’t need such a high frame rate for the warning messages, that’s why 

we are using the concept of throttling and limit the frame rate for the error messages.  

 

As soon as the error was corrected the warning messages are not being fired anymore, but the 

warning still stays on the screen for a short period of time. This is done to make sure there is not 

too much flickering and updates in on the screen – too much activity can make the user 

overwhelmed with information. Debouncing is used to hide the message – it just postpones it for 

a short period of time. If a new warning message comes in, the removal of the warning will be 

postponed even more. In this way the error message system is making the user interface much 

more human friendly and easy to read. 
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5 RESULTS 

5.1 User feedback 

The test users were required to fill in a survey after using the system. The users went through a 

very short 10 minute informative session where they were taught how to use the system. 

 

 After the instruction session the users were left unattended for a period of time in which they 

performed the rehabilitation program without any supervision.  

 

After using the system the users were asked to fill in a survey and to answer some question on 

the system usability - how clear and straight forward the interface was, how well they understood 

what they are required to do, how well the system tracked their exercises and so on. They could 

choose a mark from 1-4, 1 meaning bad, 2 – average, 3 – good, 4 – excellent. For each question 

they could also add comments if they felt like doing so. An average mark was computed based 

on the user feedback and the comments were analyzed to better understand the reason for a 

particular mark. The result for the survey can be seen in the table below: 

 

Table 1. The user feedback survey in which 10 participants had to give their feedback on 10 questions by choosing a 

mark that ranges from 1-4 (1- bad, 4 - excellent). On the right there are 4 columns, one for each mark. The numbers 

under the column “Votes for each mark” represent the number of people choosing a particular mark for a specific 

question. The right most column represents the average mark for each separate question. The bottom right cell 

represents the mean mark for the survey, 2.93 being close to 3, which is considered “Good”. 

# Question 

Votes for each mark  

Average 

mark  

(1-bad, 4 

excellent) 

Bad 

[1point] 

Average 

[2points] 

 Good 

[3points] 

Excellent 

[4points] 

1 How easy it was to navigate through the UI X 1 5 4 3.3 

2 
How easy it was to understand what is required 

to do for each exercise 
1 3 5 1 

2.5 

3 

How clear it was to understand what the 

progress for the exercise is (how many 

repetitions left) 

 x 2 4 4 
3.2 

4 
How well did the software track the exercise 

(did it detect correctly all your moves) 
2 2 5 1 

2.5 

5 
How well the system monitor correctness of 

exercises and gives feedback about that 
1 3 6 x 

2.5 

6 How interesting it is to exercise x 1 3 6 3.5 

7 How tiring it is to exercise x 1 4 5 3.4 

8 
How annoying the rehab process will become 

in future (5= not boring, opinion) 
1 4 5 x 

2.4 

9 How informative were the statistics in general x 1 4 5 3.4 

10 What is the overall usability mark 1 3 6 x 2.5 

  
Total user votes by Mark 

(bad/average/good/excellent) 
6 21 47 26 2.93 
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First of all let’s take a look at the worst experiences and the best ones, this will give a general 

idea about the strong and the weak parts of the rehabilitation system. 

The lowest mark is for point #8 (2.4 points only). Users express concern that the rehabilitation 

process will get annoying / boring with time. This is something to keep in mind – more variety of 

exercises should be included in the training and more game-like activities should be thought. At 

the same time performing the training was interesting according to question #6 (3.4 points mark, 

which is somewhere between good and excellent) so there is a good level of interest to use the 

system as it is a totally new way to interact and to train. 

 

Point 2 has an average mark of 2.5 points.  These questions are related to the usability and 

reliability of the rehab system. The users got the instructions on how exactly the exercises had to 

be accomplished only in the instruction stage. While performing the exercises there was a textual 

information saying what the user should do, ex: “Please rise your right arm to a side as high as 

possible”. The message seems to be informative enough, but some of the users gave a low mark 

at this point adding in their comments that it would really help to get a visual representation of 

the exercise to be performed, with a step by step animation. 

 

Point 4 had an average point of 2.5. Some users had issues with exercises. The problem was 

caused by the Kinect camera loosing precision of tracking when the hands are kept straight 

targeting the camera. In the case when the person rises his arms in front of him, the tracking of 

the wrist and elbow become more error- prone. This is because the arms overlap the body and 

this causes the Kinect to loose tracking precision. This leads to the arm tracking to become 

jumpy. This problem was partially solved by adding some outlier detection algorithm which 

discards tracking information in case there is too much variation in joint speed and coordinate 

across consecutive frames. 

  

Point 5 and 10 have 2.5 points each. Such a low score is partially caused by some limitation of 

the system. The component that supervises correct execution of exercises assumes the user is 

staying in front of the camera and the user is also facing the camera. If this does not hold, the 

software will think the user is not performing the exercises correctly. For example rising the arm 

in the frontal plane, to a side from the body – if you are not facing the camera, your arm is not 

moving in the transversal plane. In this situation the system will tell you that you should keep 

your arm to a side. Since you are actually rising your arm to a side this message might be not 

very clear to you, a better message would be “Please face the camera when performing the 

exercise” or another alternative is to improve the exercise validation algorithm to account for the 

person direction.  

Another issues was related with the voice feedback – if the user would make too many mistakes 

during an exercise the voice feedback would be a bit annoying at times- it could flood the user 

with information. This was taken care of partially by using throttling and debouncing principles 

(see 4.4 for more info)  

 

5.2 Measurement reliability 

There were a considerable amount of investigation how precise a Kinect camera is and if it can 

be used for rehabilitation purposes. This part will not focus on the ability of Kinect to correctly 

track the human body in different postures because this information is already available to the 

public, a good read is this (Obdrzalek, 2012).  
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 The focus of this part is to make a user review and to verifying how stable the rehabilitation 

indicators that are computed in real time are and if they can be used to spot changes in the patient 

fitness level. 

So, in order to get a better idea of how insightful the statistics gathered during long term 

exercises is, there were a series of 20 rehabilitations made. The exercises were performed by me, 

with maximum effort. The results were plotted on a graph.  

The rehab program consists of 5 different exercises and five repetitions for each exercise. The 

first three exercises are range of motion exercises (abduction to the front, abduction to a side and 

elbow flexion), a reaction exercise and the last one is a motion precision exercise. Since there is 

no conceptual difference which arm will be involved in those exercises, only the right arm was 

used in the rehabilitation exercises. 

 

 Range of motion 

First results are for the abduction front exercise. The average angle for the shoulder joint is 168.5 

degrees, with a standard deviation of 3.54 degrees. The minimum value is 163 and the maximum 

value is 174. You can see the plot in Figure 25 below. A standard deviation of only 3.54 degrees 

is a very good result, meaning that we can track very small changes in the patient performance. 

Every measurement in the plot represents the average value for an exercise which is 

compounded of 5 consecutive repetitions. Individual iteration of the exercise could have higher 

individual variance. 

 

 

 

Figure 28. Range of motion front (abduction front). The graph shows a steady measurement. The mean value is 

168.5 degrees with a standard deviation of 3.54 degrees. The minimum value is 163 degrees, maximum is 174 

degrees. These measurements were taken for the right arm. 

 

The next measurement results are for the abduction to a side exercise.  The average angle for the 

shoulder joint is 174.5 degrees, with a standard deviation of 4.16 degrees. The minimum value is 

165 and the maximum value is 179. You can see the plot in Figure 26 below. This is again a very 

good result, allowing to detect any small change in the range of motion of the patient. 
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Figure 29. Range of motion side (abduction side). The mean value is 174.5 degrees, standard deviation is 4.16 

degrees. Minimum value is 165 deg, maximal value is 179 degrees. These measurements were taken for the right 

arm. 

 

The range of motion of the elbow joint surprises with even more steady results. The mean value 

is 151.15 degrees with a standard deviation of only 2.57 degrees. The minimum range of motion 

is 147 and the maximum is 155 degrees. A result of 2.57degees is really impressing for such a 

low cost system. This allows tracking really tiny changes in the angular range of motion of the 

elbow joint. 

 

 

Figure 30. Range of motion Flex (elbow flexion). The mean value is 151.15 degrees, the standard deviation is 2.57 

degrees, minimum value is 147 and maximal value is 155. These measurements were taken for the right arm. 

 

 Precision of motion 

Precision of motion tells us the error when following a path. The average error is 2.73cm and a 

standard deviation of only 0.71cm. The minimal error in the measurements is 1.62cm and the 

maximal is 4.1cm. I will remind that every measurement in the plot represents the average value 

for an exercise which is compounded of 5 consecutive repetitions. Individual iteration of the 

exercise could have higher individual variance.  

 

 

Figure 31. Precision of motion, average motion error is 2.7cm, with a standard deviation of 0.71cm. The minimal 

error is 1.6cm and the maximal is 4.1cm. The measurements are only for the right arm. 

 Reaction time 

The reaction time is measured in milliseconds. The average reaction time consists 286ms, the 

standard deviation is 38ms. The shortest reaction time consist 209ms and the maximal 376ms. 
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Figure 32. Reaction time measured in seconds. The average reaction time is 286ms with a standard deviation of 

38ms. The minimum reaction time is 209ms and the maximal reaction time is 376ms. These measurements represent 

the right arm reaction time only. 

 

 Effort level 

The effort represents the energy spent for each exercise. The energy is measured in Joules. The 

average energy spent for each exercise is 821 joules. The maximal value is 921 joules. This 

information might be useful for detecting sudden changes in exercise patterns.  

 

 

 

Figure 33. Effort level during training. The average energy spent during an exercise is 821 joules. 

In the figure above, the energy expenditure for a training session is presented. To get more 

insight into the energy expenditure for each particular exercise type, please refer to the Table 2 

below. 

 

Table 2. A detailed overview for energy expenditure grouped by exercise type, average for 20 exercises 

Exercise type Min value (Joules) Max value (Joules) Average value 

(Joules) 

Standard deviation 

(Joules) 

Shoulder 

abduction front 

313 473 382 39.17 

Shoulder 

abduction side 

172 253 214 23.43 

Elbow flex 61 104 82 11.95 

Reaction time 73 141 105 22.73 
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Line follow 

(motion 

precision) 

25 58 36 9.06 
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6 DISCUSSION AND CONCLUSIONS  

6.1 Discussion 

 Rehab indicators 

The rehab indicators that are tracked during the rehabilitation process seem to be informative 

enough in order to automate some stages of the rehabilitation process. The information gathered 

by the system can present valuable information of how much effort is invested in the 

rehabilitation, how does the range of motion change with time, how does the reaction and motion 

precision change with time, it also gives a fast insight into the fitness level of the patient. Even 

with simple indicators like range of motion for shoulder and elbow joints, precision of motion 

for the hand, reaction time, the energy spent and the time spent exercising gives a good 

rehabilitation training and these indicators can spot any drastic change in the results of the 

training. Detecting these changes in the results logs can be valuable to the therapist because this 

can be a sign of some changes in the patient condition and might need special investigations or 

help.  

 System usage 

The rehabilitation software was designed as a prototype system that proves that a Kinect camera 

in conjunction with a laptop and a big screen can really be used as an autonomous rehabilitation 

system for stroke patients. At the same time the system is not ready to be used as a real 

rehabilitation system. This is because preparing the system for real usage scenarios would 

involve much more effort and work which would be out of the scope of this project. I will 

provide more information on the future improvements of the system in Chapter 7.2. 

 User interface 

According to the user feedback (see 5.1), the user interface is easy to navigate and presents only 

the most important things for the rehabilitation process.  

 

The main screen is the one where the rehabilitation takes place. This screen presents a 

component that best fits the current exercise being performed, for example if the exercise is a 

range of motion exercise then a special clock-like component will be shown that has arrow 

indicating the maximum range of motion and the current range of motion being recorded. Each 

exercise has a special user interface specially tailored for it. 

  

The second and the third screen contain the results of the training. The second screen presents 

the results for the last month and the third screen presents the results for the week. This is 

important for getting a fast glance to the results. The ability to examine the statistics for different 

time periods is important for making the patient understand his rehabilitation progress and is 

important for this project.  

 

6.2 Conclusions 

The aim of this thesis project was to build a prototype stroke rehabilitation system that would 

allow patients to perform the exercises at home, hence the system should track the quality and 

the amount of exercise in an autonomous manner without constant medical staff involvement. 

The body parts tracking is accomplished using the RGBD camera, more exactly the Microsoft 

Kinect camera.  
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The user of the system is guided with both visual and vocal queues through the rehab process to 

make him aware of what exercise he should perform. The system also makes sure the exercise is 

performed correctly and that the necessary amount of repetitions are performed for each exercise 

in the training plan. The system also computes in real-time a set of indicators that are saved in a 

database and used to generate the statistics of the rehabilitation process. These indicators reflect 

the condition of the patient and are very important in monitoring the progress of the 

rehabilitation and to spot changes in the training results. 

 

As a result the rehabilitation system proves it could be used in a rehabilitation scenario where 

there is no need for constant staff involvement. With some stability tests and user interface 

improvements it could be a successful low-cost system for rehabilitation stroke patients in 

hospitals, at home or at any other indoor place. The low cost of the hardware makes the system 

very accessible. 
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7 RECOMMENDATIONS AND FUTURE WORK 

In this chapter, recommendations on more detailed solutions and/or future work in this field are 

presented.  

 

 

7.1 Recommendations 

The recommendation are to use the system in a room where there is no direct sun light. This is 

due to the Kinect restrictions. Direct sun light lowers the ability of the sensor to correctly track 

the human body and the whole experience becomes very jumpy and unreliable. 

 

Currently the system is not tailored for being used in real scenarios. The database is set to be 

used only by one patient and needs manual setup for a new patient. The setup consists in setting 

the initial patient assessment results including weight, height and range of motion for each joint. 

Another thing is there is no user interface for creating and assigning a training plan. The therapist 

will have to have a special interface, tailored specifically for this purpose. 

 

Another thing to keep in mind is that after releasing the software to be used in real rehabilitation 

scenarios, you will need a PC version of the Microsoft Kinect camera. This project was carried 

out with a Kinect for Xbox version, which works just fine for development purposes, but as soon 

as you release the software, you will need a PC version of the camera. 

7.2 Future work 

This project aimed at creating a prototype system that would prove that a rehab system for stroke 

patients can be built using relatively inexpensive hardware and without constant staff 

involvement. Because of the reduced price and simplicity it can be used at home for 

convenience. 

One of the important efforts while working on this project was to actually delimit what will be 

the main focus of the project and what should be left out. This is because I was constantly 

envisioning how a real rehabilitation home-rehabilitation system should be built and sometimes 

it was making the project too voluminous to be built in a reasonable time. I focused on the core 

things that were required to present a prototype of a system, a lot of ideas and recommendations 

have been left though. 

One of the main improvements is related to providing the rehabilitation information online. 

Having the information saved online would bring some important benefits – the medical staff 

would have access to the rehab progress of each patient without the need to go physically to the 

patient’s home. This is a crucial improvement to the system. I envision this as a Web-based 

Content Management System (CMS) where each of the medical staff could log in and see the 

patients that he is responsible for. The system could also automatically alert about any significant 

changes in the rehabilitation progress of patients, highlighting those that seem to have problems. 

Currently all the statistical data is saved locally in a MSSQL database and would need to be 

synchronized with a cloud database that would keep the information for all the patients. Other 

than this, implementing the CMS is a fairly straightforward process. 

Another improvement is making the rehabilitation more fun. I envision based on the feedback 

I’ve got in Chapter 5.1 that at some moment in time the rehab process can get less exciting and 
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this can make patients less motivated to continue with the training. I have at least two main 

options how the system could be improved to be more fun: 

 Make the system in such a way, that it could be used for simple arcade games that are 

already present on the market. The patient would have his arm linked to some basic 

controls like going up, down left or right. I think in such a setup the system could be used 

in a lot of already existent games and would be more universal – each patient can find a 

game he likes best and enjoy it.  

 Add a social interaction element to the rehab system. I think if the patients could train 

together that would be very interesting and motivating. I envision this function as the 

ability to train together in a virtual room, while each of the patient would be in their 

homes. This is a more advanced function though. Another way to add more social-

interaction is by integrating it with social media networks like Facebook or Google+. 

This would allow making “friends” and uploading the training results so that people can 

cheer them up. I think this could add a lot of motivation to the training. 

 

Another important improvement is improving the user interface by allowing to navigate through 

the menu using gestures. In this way the user could get totally emerged in using only his hands to 

operate with the software. This would make things simpler. The user could start, stop or pause 

the training with a special gesture without going to the laptop and doing it with the keyboard or 

mouse. Another similar feature are the voice commands. The Microsoft Kinect camera has a 

voice recognition SDK that can make recognizing some predefine words pretty easy. This could 

be another interesting feature I think. 

 

Next thing to consider is to add a feature that would detect if the user is focusing on the exercise 

or not. This is fairly easy to accomplish but since it was out of the scope of this work it was not 

implemented. One way to tackle this problem is to track the orientation of the head of the user. If 

the user seems to look straight to the camera, then we can consider the system has all the 

attention and it can continue the exercise session. On the other hand, if the head is turned 

sideways then probably the user is distracted from the rehabilitation. Another feature is detecting 

the position of the body of the person performing the exercise. If the user is in front of the 

camera, then he is doing the exercise, otherwise the user might need to go out of the room and 

the exercise should be stopped. A combination of these two methods could give a pretty good 

estimation if the user is actually paying attention to the exercise. 
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