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Abstract 
The Kinect device is commonly associated to videogames, but this is not the only 
purpose of this device. Going into more depth, it could be a powerful tool to 
accomplish several goals, not only related to simple games. One such example could 
be Serious Games. Above all, Kinect device is a group of sensors and as such it is an 
attraction point in order to do experiments and measurements. This thesis tries to 
understand the potentiality and specifically tries to understand the precision and 
accuracy in the explicit area of rehabilitation. Taking advantage of the Kinect 
functionality, the thesis tries to enter in a young area, composed by two principal 
field of interest: catching and recognizing movements without the help of tool to 
wear, and the movements in order to do physical therapy. The result of this thesis is 
that the accuracy and precision of the Kinect device is sufficient for detecting 
therapeutic movements. Further work is however needed to be able to use Kinect for 
automatic discrimination of correct and incorrect physical movements. 
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1 Introduction 
This is a thesis work in the area of Video Games and Human Computer Interaction under the 
Computer Science in the specific subarea of "Serious Game". The thesis is an applied project, 
which aims to analyse how the accuracy of the sensors of Kinect fit the needs of a 
physiotherapist. The purpose of the results of such research is a Serious Game, where the 
identification of movements is the task of Kinect to guide the right movements for the 
rehabilitation of the player. 

This work tries to find the right intersection between the movement detected by Kinect and 
the movement performed by people in a rehabilitation therapy. So we try to understand the 
threshold of the Kinect device combined with rehabilitation movements. It is interesting to 
understand if the detection and the tracking of the skeleton and joints of the Kinect device 
and its SDK are useful to discriminate the correct and the incorrect knee rehabilitation 
movements. Therefore we take the information from the point of view of the physiotherapist 
to understand what is correct and what is incorrect. With the information relative to the 
joints and tracking of skeleton we evaluate the precision and the accuracy of the Kinect in this 
specific task. Finally we implement and evaluate the application for discriminate the correct 
and incorrect movements using all the information analyse before. The result of this thesis is 
that the Kinect device has a very good accuracy and precision. The proposed algorithm to 
discriminate between correct and incorrect movements did however have a low accuracy 
compared to the judgements of physiotherapists. Further work is needed to understand how 
the movement data should processed and classified. 
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2 Background 

2.1 Physiotherapy 
Physiotherapy is a branch of medicine and rehabilitation treatment of a patient injured. It is 
performed by a physiotherapist and is part of the health professions (WCPT, 2011). A 
physiotherapist provides services to individual or groups of people to recover, assist and 
develop movement and functional abilities, at all stages of life, in circumstances where those 
patients have parts of body compromised by injury and illness (WCPT, 2011). Physiotherapy 
covers a large area of injury that can affect muscles, bones, tendons, nervous system (such as 
stroke patients), etc. These types of injuries can compromise the ability to perform daily 
activities, and worse social and recreational activities. The physical therapist applies 
therapeutic techniques within special functional rehabilitation exercises. Those treatments 
lead to physical, psychological, emotional and social wellness. 

A therapy is aimed to overcoming the limitations of a physical disability (obviously it changes 
for each different disability). A therapy is composed of a series of exercises that should be 
conducted for a certain period of time. As is mentioned in article (Shaughnessy, Resnick & 
Macko, 2006) only 31% of people with motor disabilities perform the exercises in the way 
that is recommended, and of course this leads to negative consequences (for example it leads 
to decrease or to absence of positive effects). The physiotherapy is exercises that cover the 
movement of body parts injured and hence they may lead to pain. This pain combined with 
boredom brings low motivation and the lack of motivation is in fact seen as an obstacle to 
perform the exercises regularly. Therefore in this area is of crucial importance find an 
effective motivation to perform exercises. This motivation encourages people with disabilities 
and helps them to find their motor independence. 

2.1.1 Play as motivation for physiotherapy 
Play can be a great stimulus and a big motivation to do things. That motivation comes from 
several factors including the fun. In fact, when people do something fun, they are stimulated 
to keep doing that thing, without anyone that tells them to keep doing that thing. An 
interesting aspect is to link the concept of play (a game fun, challenging) to physical therapy, 
finding a common point where playing the game leads to the movement of physical therapy. 

We can see the video game like a “virtual situation” where the player feels in that “virtual 
situation” (the game). Virtual rehabilitation is the use of virtual reality (VR) and virtual 
environments (VE) within rehabilitation. VR and VE can be described as a simulation of real 
world environments through a computer and experienced through a human-machine 
interface (Holden, 2005). Halton (2008, p.12) states: “Virtual rehabilitation is able to provide 
a natural or real-life environment, individuals have the opportunity to forget about their 
surroundings and situation and focus directly on a task in the simulated environment”. 

The cost of the systems that allow the virtual rehabilitation is an important point to consider, 
because usually such systems are very expensive, and therefore not accessible. These high 
costs have addressed the therapy towards the use of low-cost platforms. In fact the physical 
therapy is increasingly manifesting itself through the use of video game consoles like 
Microsoft Xbox, Sony PlayStation 2 (Morrow, Docan, Burdea & Merians, 2006) and 
Nintendo Wii Console. Those technologies have proven to be a low cost platform that aids in 
the rehabilitation of patients with Stroke and Parkinson Disease, in fact the gaming has been 
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already proven useful in the practice of physiotherapy (Flynn, Palma and Bender, 2007). The 
tools in clinics and hospitals in general are very expensive and it is not practical to have them 
at home. Another interesting console is Xbox 360, which has the Kinect device that has a set 
of sensors. It also is a low cost and has a great potential to be useful for physical home 
therapy (LaBelle, 2011). 

2.2 Kinect 
Kinect is a motion sensing input device by Microsoft (see Figure 1). Microsoft Kinect born 
from a project called Project Natal. The Kinect device is an accessory originally designed for 
Xbox 360. It can catch the motion of the human body, which allows the player to interact 
with the game without the use of tools, unlike the Sony's PlayStation Move and the Wiimote 
from Nintendo. On 1th February 2012 Microsoft released a first version of the SDK (SDK v1) 
and in addition they released an improved version of the device (Eisler, 2012). 

 

Figure 1 Microsoft Kinect input device (Microsoft, 2012) 

2.2.1 Physical Device 
The Microsoft Kinect is a device with a set of sensors, which can be used with the Xbox 360 
gaming console or a Windows PC application. The Kinect device is able to detect movements, 
identify faces and recognize speech of players, through a set of sensors that catch image, 
audio and depth information. The principal interesting point is that the Kinect sensor does 
not require the player to wear any kind of tools. As shown in Figure 2 the device has 3 kinds 
of sensors inside a horizontal bar. 

 

Figure 2 Internal components of Kinect sensors (Microsoft, 2012) 

The sensors of the Kinect can be classified into 3 parts (Crawford, 2010): 

• Colour VGA video camera: this camera allows facial recognition and offers other 
features through the detection of three colours (red, green and blue). 
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• Depth sensor: it is constituted by infrared laser projector combined with a 
monochrome sensor positioned around the RGB camera. One emitter shoots infrared 
rays and the other catches infrared rays. The latter is a monochrome CMOS 
(complimentary metal-oxide semiconductor). Together, these two sensors create the 
information of the depth and therefore the device is capable of providing 3D motion 
capture. 

• Multi-microphone array: it is a battery of microphones positioned horizontally along 
the Kinect device. This instrument is able to isolate the user's voice from noise, thus 
cancelling the noise sources (clean sound, placement of the sound source, echo 
cancellation, etc.) 

Another feature of the Kinect device is the ability to change the inclination of the visual field 
through the use of an electric motor controlled by software (it is not possible to change the 
inclination manually), the specifications related to the inclination are shown in Table 1.  

A very interesting feature of the Kinect device is the use of sensors to recognize and monitor 
the skeleton and its points of junction (joints). By detecting the bounce of the infrared light it 
can detect the depth and the result is a 3D environment. This information is then processed 
by software to perform the monitoring of skeleton and joints (LaBelle, 2011). The skeleton 
monitoring is explained in the following section. 

Table 1 shows the specifications of Kinect (Microsoft, 2012). 

Table 1 Specifications for the Kinect Sensor. 

Kinect Sensor Array Specifications 

Sensor item Specification range 

Viewing angle 43° vertical by 57° horizontal field of view 

Mechanized tilt range (vertical) ±27° 
Frame rate (depth and colour 

stream) 
30 frames per second (FPS) 

Default resolution, depth stream VGA (640 x 480) 

Default resolution, colour stream VGA (640 x 480) 

Audio format 
16-kHz, 16-bit mono pulse code modulation 

(PCM) 

Audio input characteristics 

A four-microphone array with 24-bit analog-
to-digital converter (ADC) and Kinect-resident 

signal processing, such as acoustic echo 
cancellation and noise suppression 

 

2.2.2 Kinect Drivers and SDK 
The information within this sub-paragraph is related to the official documentation "Kinect 
for Windows SDK" in the section "Programming Guide" and subsection "Natural User 
Interface". This documentation is available off-line when you install the official SDK 
(Microsoft, 2012). 

The Kinect for Windows SDK contains documentation, APIs and drivers to use the Kinect 
device. Figure 3 shows the interaction between the Kinect device, the software library and the 
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applications. The NUI library is part of the SDK and it allows developers to use tools and 
APIs that provide movements in the real world as detected by Kinect. 

 

Figure 3 Hardware and software interaction with an application (Microsoft, 
2012). 

The components of the SDK are shown in the Figure 4. The highlighted red rectangles are the 
components of Figure 3. In addition, Figure 4 shows more details on the interactions between 
several components. 

 

Figure 4 SDK Architecture (Microsoft, 2012). 

The Kinect device is connected to a PC via a USB connection. This is a limitation for the 
transmission of colour data from sensor to application. The problem is related to physical 
USB technology which has a limited amount of bandwidth for transmitting data. The data is 
compressed to transmit colour images at a resolution of 1280 x 1024. Obviously with the 
compression you can send faster colour data. This allows you to have a better frame rate (30 
FPS). But this process of compression/decompression of data leads to a loss of image fidelity 
(Microsoft, 2012). 

The API provides two models for the extrapolation of information: polling and events. The 
first one is optional and is easiest to read data from a frame. You can set a timer with a range 
from zero to infinity. This model will return the frames in case the timer has expired or when 
the next frame is ready. The second one: when a new frame of data is ready, the event is 
signalled and the frame is handled. The event model, compared to the polling model, is a 
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little more complex, but the SDK documentation (Microsoft, 2012) states that the event 
model supports the retrieval of skeleton data with more accuracy and flexibility. 

In this thesis work, we will use the NUI Skeleton Tracking. The API provides a specific class 
for the management of the properties of the skeleton that is detected. Kinect can detect at 
most six skeletons simultaneously. When a person is detected, he/she is modelled with the 
class "Skeleton" (the skeleton of the person). Class Skeleton has several information fields 
related to joints, position, tracking, etc. An interesting aspect are the 20 joint points that 
identify specific parts of the body as the head, hands, feet, shoulders, knees, etc. (as shown in 
Figure 5). For each joint there are information relating to the tracking and the position, in 
space coordinates x, y and z, and each joint is marked as “tracked” or “inferred”. For an 
"inferred" joint, the position is estimated and not really detected. 

 

Figure 5 Skeleton positions relative to the human body (Microsoft, 2012). 

The coordinate system can be expressed as "depth image space" and "skeleton space". In the 
first one the coordinates x and y do not represent physical coordinates in the room, but they 
represent the pixels on the sensor depth. The second one is the relative position of the 
skeleton of the player and is expressed in x, y and z coordinates. Unlike the depth image 
space, the coordinates of the skeleton space are in meters. As states in the specific paragraph 
“Skeleton Space” in the sub section “Natural User Interface” in the section “Programming 
Guide” of the documentation (Microsoft, 2012): “This is a right-handed coordinate system 
that places the Kinect Sensor at the origin point with the positive z axis extending in the 
direction in which the Kinect Sensor is pointed. The positive y axis extends upward, and the 
positive x axis extends to the left (with respect to the Kinect Sensor)”. All information relating 
to the skeleton is extracted through the skeleton frame.  

The skeletal tracking engine is able to track up to 6 people if all are in the field of view of the 
Kinect Sensor. Of these six skeletons, only two have the status active, more precisely, only 
two have all details on the skeleton and joints, the other four have only basic information like 
the player's position (passive status). By default, the first two people identified will be 
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considered in active status. The skeleton-tracking engine processes the data to calculate 
depth floor clipping plane. This serves to remove background and segmentation of players.  

2.3 Concept of precision and accuracy 
Accuracy and precision are two concepts connect with measurements and each measure 
provides an estimate. At the same time, those two concepts are often mixed by people, but 
they have different meanings. In general, the accuracy is how much the measure is near to 
the “true” value. The precision is how much the measures vary. The (JCGM, 2012, pp.21-22) 
states that “accuracy: closeness of agreement between a measured quantity value and a 
true quantity value of a measurand” and “precision: closeness of agreement between 
indications or measured quantity values obtained by replicate measurements on the 
same or similar objects under specified conditions”. Figure 6 shows the relation between 
precision and accuracy, when there is accuracy or precision or both or none of them. 

 

Figure 6 Several measurements to understand the difference between accuracy 
and precision. 

As shown in Figure 6, the Test 1 has more precision and low accuracy. In Test 2 we have more 
accuracy and low precision In Test 3 we have low accuracy and low precision and finally in 
Test 4 we have more accuracy and more precision. This is a general example without 
specified units of measurements; only for understanding what precision and accuracy is.  

2.4 Work done with motion capture and Kinect accuracy 
The Kinect device can be seen as a simple set of sensors that provide measurements. To a 
question like: what is the accuracy that this kind of device is able to detect? It can be 
answered with an example of a simple experiment conducted by (Crock, 2011). In this 
experiment he placed the Kinect on the floor and also a long piece of tape orthogonal to the 
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Kinect’s field of view. He then marked measurements along the piece of tape from 1ft – 10ft 
from the sensor in order to measure the accuracy of the depth sensor. By placing a box at 
different known distance from the Kinect, he performed measurements with the device. The 
results of this experiment show that the accuracy of the measurements decreases with the 
increase of distance. Crock states that the decrease of the accuracy has nearly like a 
logarithmic pattern. 

The motivation of another interesting work (Bo A. P. L., Hayashibe M., Poignet P., 2011) is 
the exploration of the combined use of inertial systems and the Kinect to estimate human 
motion. In the article it is shown that an "Inertial system" is composed of two sensors, 
accelerometers and gyro meters. The advantage of these two sensors is their low weight, 
small size and low cost, but with the disadvantage of having errors of measurements for loss 
of accuracy. The integration between an Inertial System and the Kinect has the potential of 
minimizing the drawbacks of both individual systems by enabling faster system initialization, 
better visualization of the estimated motion, increasing the bandwidth and improving the 
overall precision. 

A useful example of movement from the point of view of rehabilitation and physical therapy 
has been addressed in the project "Virtual Rehabilitation" (Broeren, 2007). In this project, an 
ad-hoc tool (handheld stylus) is used to conduct physical therapy at home. The accuracy and 
the types of movements were conducted around the interaction of “three-dimensional objects 
through a handheld stylus (haptic device) positioned in the line of sight”. The instruments 
have a pen attached to a mechanical arm through which patients interact with 3D objects. 
Those objects in contact with the mechanical arm generate feedback. During the execution of 
the game, the patient does some movements and those movements compose a draw path. 
This draw pattern has a start point and an end point, and there is a path with a line that 
indicates the movement in the virtual environment. This result shows the complete 
monitoring of the whole exercise and in this way they can compare the various play sessions 
to analyse more detail of the movement. 

The objective of Khoshelham & Elberink (2011) is to provide an insight into the geometric 
quality of the Kinect depth data through an analysis of the accuracy and density of the points. 
The article explores the measurement precision of depth, and then applies a mathematical 
model to study the various errors that may incur. The article explains that the errors of 
Kinect may arise from 3 sources: the sensor, measurement setup, and properties of the object 
surface. An interesting experiment similar to that by (Crock, 2011) is the measurement 
standard deviations plotted compared with the distance from the plane to the sensor. In this 
experiment it is shown that the error increases quadratically from a few millimetres up to 4 
cm, respectively, from a distance of 0.5m to the maximum range of the sensors, 5m. In 
relation to the work presented in this thesis, in order to maintain a low error rate in depth 
detecting, the player must be near the Kinect (at most 0.5m), but we must consider the field 
of view of the device in order to capture the entire body of the person. Finally, we should also 
consider the height of the person. 

In a study reported by LaBelle (2011), it is studied if Kinect devices can be combined for 
stroke therapy, and understands the potential of using Kinect input device detection and 
monitoring of skeleton and joints points applied to stroke therapy. So understand the quality 
of information relating to the movement captured by the specific field of stroke therapy. In 
addition, in this work the Kinect device is combined with the "Wii Balance Board". In the 
study (LaBelle, 2011), the two libraries of Kinect SDK (Beta) and open source libraries 
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OpenNI are compared. In the experiments the interesting joints were monitored and all the 
necessary information was written to a file, and then analysed. The movements studied were 
simple actions such as sitting down and getting up from a chair, which are typical exercises in 
stroke rehabilitation. So starting from a seated state for 4 seconds to getting up for 4 seconds. 
An important point was the evaluation of data acquired during the exercise performed. Those 
data sets were easy to monitor and to understand the position of the patient, because the 
exercise was extremely simple. This type of understanding of the data is essential to identify 
the movement phases. Another variable included in the study was the distance from the 
Kinect to the patient. The study demonstrates that the tests have confirmed the best range for 
the activities with the Kinect recommended by Microsoft, and identified as the optimal 
distance 2.5 m for these types of exercises. In comparison between OpenNI and SDK beta 
there are advantages and disadvantages in both these two libraries, but in the worst cases of 
both, the data have sufficient quality for the exercises. Another issue involved is the speed of 
execution of the exercises. In the result of experiments, it is evident that during a very rapid 
movement, such as waving an arm wildly, the frame rate lost drastically going to bring 
degradation on quality of the measurements. This fact guides to an exercise without quick 
and wild movements, so a limited set of movements, typical of stroke therapy session. 
Another limitation of the accuracy in tracking and monitoring of skeleton and joints is the 
merger of two skeletons, which is when two people are detected, and their measurements 
overlap. In such situations there is a high loss of precision. So the consistency and stability of 
the data is improved with only one person in the field of view of the Kinect device. The results 
of this study indicate that the quality of the data collected with the Kinect have a great 
potential for the purpose of the stroke therapy. 

The work of Raptis, Kirovski, & Hoppe (2011) shows how choreographic gestures (dance) are 
captured with the Kinect. The system is able to recognize the different gestures, by means of a 
classification of the movements. It uses a system that extracts the joint angles of the skeleton. 
In order to realize such system they have reduced the redundancy of the information relating 
to the positions of the joints, increased robustness, and stabilized the signal so as to minimize 
the probability of a discontinuous signal. They used the tracking system of joints in Kinect, 
and have created a new torso position by information of several joints of the torso. This set of 
torso positions are then like system reference for other joints. They make two level of depth 
of joints from the torso's points (for example, first deep knee, and second deep foot). Figure 7 
shows the torso joints (circled in red), the first deep joints (circled in yellow) and the second 
deep joints (circled in blue).  
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Figure 7 Joints classified by degree. 

In order to compare the movements, the idea was to record the exact movements of an expert 
dancer, so as to have an oracle for the comparison of the gestures. To estimate when the 
movement is right and how "well" the movement is done, it is compared with the average of 
the movements recorded by the dancer. During the evaluation of their methods, to compare 
their algorithm with more efficient method of motion capture, they have transformed the 3D 
points of the skeleton joints in Euler angle representation. This transformation has been 
useful with a large granularity to identify general classifications of movements, but the 
average accuracy was not very high, in fact on their dataset the average classification accuracy 
was 13.76%. Another work similar to this is done by Alexiadis, Daras, Kelly, O’Connor, 
Boubekeur, & Moussa (2011) where they use the dataset from the Realistic Interaction in 
Online Virtual Environments Huawei 3DLife/EMC2 ACM Grand Challenge. In this dataset 
there was a recording of several dancers. They developed an interface for the acquisition of 
the information of new dancer to evaluate. Among the several features of the interface, it can 
do: dance alignment, selection of the body part to consider, calculation of the scores, 
visualization of the skeleton tracking result, etc. Then the evaluation of the score was done 
separately for each joint; using quaternions (quaternionic cross-covariance) on the data 
Kinect they have been the dance alignment. It is like a comparison between two dancing 
sequences, and as Alexiadis, Daras, Kelly, O’Connor, Boubekeur, & Moussa (2011) assert, it is 
done by computing, for all joints, the quaternionic cross-covariance.  
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3 Problem 
The question addressed in this thesis is “to what extent does Kinect have the required 
accuracy in measuring body movements to be used to discriminate between correct and 
incorrect rehabilitation movements”. 

One aim of this thesis is to evaluate the usefulness of the Kinect device in discriminating 
between correct and incorrect rehabilitation movements. This study is conducted as a part of 
a project where a serious game for physical rehabilitation should be developed. The purpose 
is to drive the patient to do right movements through playing the game. This project will 
consider exercises involving the knee. To understand the limits of Kinect about the correct 
movements for physical therapy, inside a game, we'll understand and answer some questions 
that reflect the research problem of this thesis. 

So this thesis will be an applied project which aims is to analyse how the accuracy of the 
sensors fit the needs of a physiotherapist, then studying what kind of precision is needed in 
the physiotherapy, which movements are correct for the rehabilitation of knee and also which 
movements are incorrect. If the Kinect can identify those differences, another question is: 
how is it possible to make a threshold between them? What type of accuracy is needed and 
what are the possibilities to handle this level of accuracy using the Kinect device? So we will 
understand if the relation between correct movements and incorrect movements is 
perceptible from the Kinect sensors and understand what margin of error is possible to 
approximate for the right movement. 

The comprehension of limits and boundary of the Kinect precision and accuracy inside the 
physiotherapist area could be exploited in several applications and it could gain different 
benefits. This kind of study could give to the patient new motivations to do physiotherapy 
exercises. The detection of the physiotherapy movement with the distinction between correct 
and incorrect could change expectations of the patient, about the evaluation of the 
movement, in order to improve the quality of the exercise (it is like the patient do a self-
criticism on his movement). With the recognition of the right and wrong movement the 
evaluation work of physiotherapist could be lightened and optimized. So if the detection of 
the Kinect "fuse" with the physiotherapy exercises of the knee, this could be a good tool. It 
could improve the quality of rehabilitation, the motivation of the patient and the automation 
of the exercises without the assistance of physiotherapist. 

Comparing to the research questions explained before, we plan an approach as a series of 
objectives to accomplish:  

1) Establish the physiotherapist view on what are the right and wrong movements and 
which joints/limbs are relevant to measure. 

2) Analyse the collection of data with respect to detection of movements, therefore 
evaluate the precision and accuracy of the Kinect in measuring the identified joints.  

3) Propose an application that discriminates between the right/wrong movements. 
4) Evaluate the proposed application. 
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3.1 Method 
The project will be conducted in collaboration with "Skövde Rehabcenter" which is a gym in 
Skövde (Sweden) where they are practiced in rehabilitation therapies. With the help and 
support of the physiotherapists of Skövde Rehabcenter we must understand, from a point of 
view of physiotherapy, what movements are correct and what are wrong. 

The first aspect to understand should be the per cent error of the joints position without the 
movement. For example we could store and then analyse the joints coordinates when the 
person is standing still. In this way we could understand the precision of the Kinect skeleton 
detection in a specific condition of the subject (stop condition). In additional we could do 
same measurements like in above example with different distance condition, distance 
between Kinect and subject.  

Objective 1 So to accomplish the first objective presented in previous sub-chapter, a close 
collaboration with the physiotherapist is needed to understand what is wrong or correct in 
the movements. Therefore, it is needed to understand what points should be considerate for 
evaluate the correct and complete movement. Then we should create classes of movements. 
For each class of movements the questions are: where the several joints have to move, which 
kind of trajectory they must have. In the thesis of LaBelle (2011) joints are evaluated 
individually and then the individual joint is compared with several experiments (always the 
same joint) to understand the different measurements, so the comparison was independent 
from other joints. Then we should understand for each single movement:  

• How many joints are involved? 

• Which path is correct for each joint involved? 

And for each instance of movement whether you can do the movement in different ways (in 
this way is possible to include also the not perfect movement in order to define a flexible 
movement recognition, more details in next chapters). Obviously behind those objectives, is 
to understand what kind of tools measure is needed to accomplish the objectives above. For 
example, if we should have a need to measure the angle of the joints, we should write a scale 
and it should start at the “zero point” (zero point means the correct movement). 

I. This kind of work should be done writing and drawing specific movement dictated 
from the physiotherapist. The specific details should be written for each joints and 
limbs involved in the movements, for example write different angle of the joints, and 
different position of the limbs.  

II. Another approach could be to film the movement performed by physiotherapist’s 
movements to understand the correlation between several kinds of joints and limbs. 
This method is been inspired by the method used in the article by Raptis, Kirovski, & 
Hoppe (2011). The physical therapist may perform a correct repetitive motion several 
times and store that information with a video recording. In this way we should 
understand some detail for the joints and limb, such as the initial position, final 
position, the trajectory etc. 

Objective 2 The next step after the acquisition of the information relative to the right/wrong 
movement in a specific number and type of exercise is analysing these data. We can call these 
data “real data” because that information reflects the movement in the real context. Then we 
have to compare the real data, with the Kinect data. The information captured from the 
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Kinect device we can call “Kinect data”. In order to understand in which condition the Kinect 
can capture with more precision and accuracy, several kinds of practical experiment could be 
done. One solution should be to try several distances between the Kinect and the person, and 
with this solution is needed to consider two factors. The first is that from several studies it is 
evident that with more distance the quality of information decrease. Therefore, from the 
point of view of the depth (Khoshelham & Elberink, 2012) the information decreases with 
increasing of distance and consequently could decrease also the quality of the skeleton 
detection, because inside it there is the Z position (calculated with the detection of the 
depth). The second factor is the minimal distance from the Kinect for detect the entire body 
and then detect all joints without the inferred detection. In this second factor there is another 
problem, the size of the people. So is important to consider also this limitation.  

In order to do measurements, the first idea was to use a dummy for the detection of the 
Kinect, but for practical reason this way has been left. So otherwise it is possible to perform 
the movement directly through the movement of a person. Obviously, to have more 
consistency, the person may be under the supervision of another person to perform the right 
movement. 

So finally we will analyse the data collected to understand what kind of accuracy and 
precision that can be achieved by the union of two "sets" like Kinect and movement 
rehabilitation as shown in Figure 8. We can understand in which condition we have more 
accuracy or more precision. 

 

Figure 8 Intersection between “Physiotherapy set” and “Kinect device set”. 

Objective 3 From the outcome of objective 2 an application will be created that recognizes 
of the right movement and understands how the measurement is far away from the correct 
movement. Such outcome should give a correct error threshold for the application, which 
could have a correct approximation setting in order to recognize whether a movement is done 
well or badly.  

Objective 4 Finally, evaluate the application with the patient. In order to evaluate the 
correctness of the application the supervision of physiotherapists is needed. So each 
movement will be judged by the application and by a physiotherapist. In this way we could 
understand the efficacy and the consistence of the application for the evaluation of the right 
and wrong movements to perform the rehabilitation treatment. In order to accomplish the 
evaluation of the physiotherapist on the application judgment, the application records a 
sequence of images (like a movie) for each evaluated movement. 

Physiotherapy	   Kinect	  device	  
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3.2 Ethical consideration 
In order to do the test for the thesis, Skövde Rehabcenter selected several testers. Appendix J 
shows the model submitted to each tester in order to protect their privacy. The model was 
submitted before to perform the test. The testers were young patients with knee injuries. The 
patients were selected by the physiotherapists. Each patient was informed about all the risk 
and about the possibility to leave game session in every moment, during performing of the 
test. For example, if the patient felt pain to the injury part. The test has been done at the 
Skövde Rehabcenter with all the comforts for the tester and with all the assistance that they 
have needed. 

3.3 Technical considerations 
Using the tools provided by Microsoft for Kinect, we must understand margins of error in the 
specific context of movements detected by the sensors and movements dictated by physical 
therapy. Then take advantage of the Kinect SDK, the software from Microsoft for the 
detection and tracking of the skeleton of a person and the joint points of the same skeleton. 
This SDK was released on February 1st of 2012, bringing improvements to the Beta 2 and 
changing the respective API (Microsoft, 2012). 
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4 Measurements of physiotherapist variables 
The images presented in this section are based on a 3D studio max model taken from a 
website with free-to-use models (http://thefree3dmodels.com/stuff/accessories/21-2-2). The 
positions of the bones have been modelled with a 3D-modelling tool. 

4.1 Response from physiotherapists 
To accomplish the first objective presented in previous section, two physiotherapists were 
interviewed. In this discussion we asked some question about our thesis problem. Together 
with the physiotherapists, physical movements were selected to be used in the study. So the 
physiotherapists suggested three physical movements. All movements have the same joints 
involved: knees (3), ankles (4), hips (2) and spine (1) as shown in Figure 9. 

 

Figure 9 Human skeleton with joints involved in the physiotherapist movements. 

4.1.1 Three kinds of movements for knee rehabilitation  
In order to distinguish what is the right and wrong movement and which joints/limbs are 
relevant to measure, some rules will explain (for understand the name of the joints, like 
hip_center, we take as reference point the joints of the Figure 5). So we have three 
movements to check: 

• Forward right/left knee. 

• Right/left movement for right/left knee. 
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• Jump on two legs. 

Then for each single movement three joints are involved as shown in Figure 9 (knees, ankles, 
hip and spine).  

In all kinds of movements: 

• The spine must always stay in a vertical position, because the entire spine must be 
straight including the head (it means that the spine and head must be perpendicular 
to the floor).  

• The position of the hips must always be in horizontal position, so the line between 
right_hip and left_hip should always be horizontal.  

• The other two joints, knee and ankle, are more correlated. The first point to analyse is 
the ankle, because the important reference of this joint is the direction of the foot, so 
it is crucial to consider the line between two points: the centre of the ankle and the 
centre of the foot as shown in Figure 5 (the line between foot_right and ankle_right). 
The correct movement of knee has to follow the ankle-foot line. Figure 10 shows one 
example to clarify this concept. It shows the angle difference between knee path and 
the line of the foot. 

 

Figure 10 The angle of two line: ankle-foot line and knee path line 

In the following sections, requirements for each individual movement are specified. 

Forward right/left knee. Figure 11 shows this kind of movement. The initial position is 
the standing position (like in Figure 9), and then the movement must follow the rules 
explained before until the last position shown in Figure 11. The figure shows the movement of 
the left knee. The right knee movement is mirrored identically.  
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Figure 11 Forward movement with left knee. 

Right/left movement for right/left knee. The initial position is always the standing 
position. Then the movement should follow the rules until the last position, as shown in 
Figure 12. The figure shows the right movement for the right knee, and with the same method 
it is possible evaluate and measure the left movement for the left knee. 
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Figure 12 Right movement with right knee. 

Jump on two legs. Again the initial position is the standing position, and then the 
movement should follow the rules until the last position, as shown in Figure 13. It shows the 
moment before the jump movement. 
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Figure 13 Jump movement with both legs. 

4.1.2 Other relevant issues 
Another relevant question was what kinds of tool/metric we can use for understand and 
compare the different measurements of the several positions of the same movements and 
joints while the patient does the movement. For the evaluation of the knee movement, a 
metric could be the degree of the knee in comparison to the leg. Another solution could be the 
distance in cm of the knee between two positions as shown in Figure 14. The left image shows 
the first position, the arrow show the direction of the movement of the right knee. The second 
image shows the knee in the second position, after the movement. So we can store the knee 
movement in cm along the red line between two points, obviously the red point in the image 
means the centre of the knee. 
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Figure 14 The movement in horizontal line of the right knee. 

The next step was to understand the threshold between the correct and the incorrect 
movements. The solution from first response was very clean and simple, if the movement is 
done in the correct way it can be classified as a correct movement; else it is an incorrect 
movement. The explanation given was that there is not a well-known scale of correct 
movement from a viewpoint of the physiotherapist. However, the problem was how we can 
understand through the Kinect detection the correct movements, because Kinect is a tool and 
as a tool it needs specific rules for evaluation. Also, for the physiotherapist this kind of 
problem is difficult to explain, because some tasks are simpler to do than to explain. The 
evaluation of the correct movement of the injured part of the body is such a task. For 
example, if the physiotherapist sees one wrong movement, easily he/she can assert the 
wrongness, but it is very hard in order to explain the evaluation for several reasons like the 
different state of the patient, the different footing of the patient etc. One suggestion on this 
problem was to see the movement and the state of the other knee (it is supposed healthy), 
because the healthy knee could be considered like point of reference.  

Other side matters appeared from the discussion:  

• In the rehabilitation of the knee, the position and the movements of the arms are very 
important for the patient because they can be helper in order to do a correct exercise. 
But the correct physiotherapy movement does not depend directly from the arms; 
therefore we will not consider the arms in the evaluation and measurements. 

• The velocity in the evaluation and in the measurements is an important factor. From a 
viewpoint of analysis, the best situation is when the movement is slow because the 
sensor can read more data (it depends on the frame per second). So the capturing of a 
slow movement contains more information compared to the same fast movement. 



 

 21 

From a physiotherapist view, a fast movement is easy to compare to a slow 
movement, but the patient do not obtain the same profit. For example, when we go on 
the bicycle, if we go with speed it is easier to maintain good balance. If we go very 
slowly it is hard to keep a good balance. So from a physiotherapist viewpoint, the best 
way to do exercises is slowly. 

Another interesting consideration is the large variance of the physique state of the people. So 
to understand the issue we can classify two kinds of bodies: normal, and abnormal (abnormal 
here means, the not normal body, like usually deformation of the knees of the football player 
called “various deformity”). The difference between normal and abnormal body brings one 
important difference in the evaluation and measurement: the correct movement of the 
abnormal body do not correspond to the correct movement of the normal body. This kind of 
problem could be solved in two ways: 

• With an initialization phase 

• With a comparison between injury knee and healthy knee, as explain previously 

In the first case, before starting the measurements the patient should do same movement or 
positioning in order to understand his/her body state. In the second case, while the patient is 
doing the movement we can understand from the healthy knee how the injury knee must 
move, like a run-time creation of rules (it is assumed that we know which knee is good and 
which is bad).  

So in this kind of study we don’t handle this last issue, so we will consider the entire patient 
with “normal” body. 

4.2 Measurements of Kinect’s accuracy and precision 
Before to start with the measurements of the entire movement, is needed to understand the 
error of the Kinect. For this goal is possible to do three kinds of analysis: 

• Standing state. Read all joints of one static body, in order to understand what kind of 
error there is for each joint.  

• Degree of the foot. To know the different angle of the ankle calculated thought the 
ankle and foot joints from the Kinect device detection. 

• Knee path. Finally we must define some rule for catch the knee path. 

4.2.1 Measurements from standing state 
In this kind of measurement the Kinect must detect only the body and the joints without 
movement, like detection of the static body (as a doll). The purpose of this measurement is to 
know what kind of error the Kinect has on the detection of joints positions with less possible 
noise (noise by the movement). The plan is to do this kind of measure with two distances: one 
optimal, as explain in section 2.4 for the exercise similar to standing state as assert LaBelle 
(2011), and another enough close to the Kinect device. The first distance is 180 cm; the 
second one is 250 cm. In both measurements, the elevation angle of the Kinect device is 0°, 
the distance between the base of the Kinect and the floor is 52 cm, and the position of the 
tester is standing with the arms not attached to the body and the feet separated by 69 cm. The 
tester is completely stopped with the body leaning against the wall, for improved stability and 
balance. Ankles, feet, knees, right/left hip and right/left/central shoulder points are the joints 
involved in the measurements for the accuracy and precision. These are the joints needed in 
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evaluation of the physiotherapist movements. So we want to know the precision and the 
accuracy from the detection of the Kinect device. To accomplish these goals: 

• Precision. For each joint, the X, Y and Z position is stored, and after the detection 
the vector distance is calculated between the mean value of the detection with each 
value detected. Then on the vector distance the average, min, max their difference and 
the standard deviation (we can represent the precision of this kind of data with the 
standard deviation) is calculated. So the raw data is composed of 1000 detection for 
each test (one on 180 cm, the other one on 250 cm) with 20 joints, and for each joint 
3 coordinates. An example of the collected raw data is shown in Appendix A. 

• Accuracy. For each of these joints, the position (X, Y and Z) is estimated considering 
the real distance between the Kinect device position and tester position. Then we can 
estimate the error between real coordinates and detected coordinates using “vector 
space” where the error is the distance between two vectors. Now we need some 
assumptions relating to the real position of the joints, on the body, detected by Kinect. 
In accordance with Figure 15, the considered points are exactly the detected points by 
the Kinect device. In addition, the centre of the axis origins is the centre point of the 
Kinect device. The Z coordinate is more difficult to understand because we don’t know 
the depth of the point inside the body. So the Z coordinate is more approximated (we 
add 2 cm for each Z value for “enter inside” the body). Table 2 shows the real distance 
used for both test. Figure 15 shows the image, the skeleton and joints of the tester 
through the Kinect device using a sample application (“Kinect Explorer”). This 
application is a part of package available during the installation of the SDK Kinect 
v1.0. In Figure 15 the body is the green shape, the joints are green points and the 
skeleton is the composition of black lines and green joints inside the shape. 

Table 2 The real coordinates (with assumption) for each test.  

 
TEST 180 TEST 250 

 
X Y Z X Y Z 

Left foot -0.345 -0.57 1.82 -0.345 -0.57 2.52 

Right foot 0.345 -0.57 1.82 0.345 -0.57 2.52 

Left knee -0.225 -0.07 1.82 -0.225 -0.07 2.52 

Right knee 0.23 -0.07 1.82 0.23 -0.07 2.52 

Left ankle -0.285 -0.42 1.82 -0.285 -0.42 2.52 

Right ankle 0.29 -0.42 1.82 0.29 -0.42 2.52 

Left hip -0.09 0.33 1.82 -0.09 0.33 2.52 

Right hip 0.1 0.33 1.82 0.1 0.33 2.52 

Left shoulder -0.19 0.745 1.82 -0.19 0.745 2.52 

Right shoulder 0.19 0.78 1.82 0.19 0.78 2.52 

Central shoulder -0.02 0.81 1.82 -0.02 0.81 2.52 
 

After this kind of analysis, the precision and the accuracy for each joint can be studied. So the 
two next measurements have a strong dependence with this first measurement, because the 
raw data of the Kinect detection is composed by the single joint points and accordingly the 
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measurements “on the degree of the foot” and “along the knee path” are calculated on raw 
data joints. 

 

Figure 15 Image, skeleton and joints of the tester.  

4.2.2 Measurements of the degree of the foot 
Figure 16 shows the typology of measurement. In Figure 16 the example shows the right foot 
in three different rotations of the ankle. The goal of this measure is to explore what precision 
the Kinect device has in 12 positions. The line along the foot in Figure 16 is an approximation 
of the line foot_right – ankle_right or foot_left – ankle_left detected by Kinect device. In 
those kinds of measurements only X and Z coordinates are considered, because only the 
angulation between X and Z axis of the Skeleton-space coordinate system is needed for the 
Kinect Sensor (Microsoft, 2012) in the research of the correct and incorrect physical 
movement rehabilitation.  

With these purposes, several tests are conducted in order to understand what kind of 
precision and accuracy the sensors have: 

• Precision. The ankle and foot joints are detected in order to catch the foot-ankle 
line. 200 detections are made with the same angulation. Measurements are made 
changing the angulation, from 0° to 55° with a step of 5°, in order to understand the 
precision and the granularity of the detection. 

• Accuracy. The previous test that is done for the precision has been used also for an 
accuracy evaluation. In fact, the first measure of 0° correspond in real to the 
perpendicular line with Z axis of the Skeleton-space coordinate system for the Kinect 
Sensor (Microsoft, 2012) and so on the other degree always with 5° of step. 
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Figure 16 Several measure of the angle of the foot. 

4.2.3 Measurements of the knee path 
The movement of the knee must follow the ankle-foot-line, but it is not obvious how the path 
of the knee should be captured. If we see the path of the knee like a black line from a start 
position to an end position, it is possible to detect some points along the black line between 
start and end position. The number of the points in the detection depends on the velocity of 
the movement. So there will be fewer points if the movement is fast. Figure 17 shows this 
possible approach for the measurement of the knee path. So it is needed to analyse the 
connection between the line of the ankle-foot and the detected path of the knee. The second 
line will be the mean value of the all points along the path. This is an interpolation line 
calculated by the method of linear regression with the least square technique. 

 

Figure 17 Knee path and detected point between start and end position. 

The test on the knee path covers the execution of one specific physiotherapist movement: 
Forward right/left knee movement. From the complete therapy movement only one part has 
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been considered to collect and analyse the data (only the last part of this kind of movement). 
This last part of the movement starts when one foot is already put forward and is in stop 
position. In this way it is possible to perform and analyse the specific knee movement and it 
will be along one “virtual” path. Three angulations are taken in the measurements with three 
kinds of performance:  

• Knee path (linear direction) and ankle-foot line with same angulation  
• Knee path (linear direction) and ankle-foot line with different angulation  

• Knee path (not linear direction) and ankle-foot line with same angulation 

The first one is the simulation of the correct movement; the other ones simulate incorrect 
movements. So there are two simulations of incorrect movements, the linear direction with 
different angulation and the not linear direction with same angulation. In the first case the 
path of the movement of the knee is along an approximate line, while in the other case the 
path of the movement is a zigzag line. So the zigzag line is not a straight line but the result of 
the interpolation between the points along the line has the same angulation as the ankle-foot 
line.  

4.2.4 Limitation of measurements 
The connection between Kinect and Rehabilitation could have infinity of combination of 
measurements. This kind of area is very large, for example the rehabilitation could be 
associated to all part of the body and all joints of the body. Then for each part/joint of the 
body there are more types of exercises for each specific injury. We have restricted this field 
with the rehabilitation of a single knee and we have also restricted the exercise to three kinds 
of exercises (there is a lot of typology, for example with the help of other tools, with the help 
of other persons, etc.). So for each chosen movement it is possible to define some rule to 
evaluate and to measure through the Kinect sensor. In this specific work, a large area of 
variables could be involved, like the body size of the people: height, size of the foot, balance 
without exercise, height of the legs, different distance from the Kinect, angle of the body, 
distance of the body compared to the central position of the Kinect, again the issues relative 
to the “abnormal” state of the body (as explained in the previous sub-chapter), the type of 
cloth (for example, if the patient is dressed with large pants or slim pants), etc. So we can 
understand that there are too many variables to consider, also when choosing only three 
movements. Therefore we must put some stakes to limit this kind of study. 

4.3 Result of the first level of measurements 
Once created the application for storing information about joints in an Excel file, it is very 
easy to calculate the average, min, max and variance of a big size of measurements (1000 for 
each test).  The unit of the results reported is meters, for example 0.123 is in meters and it is 
equal to 123 millimetres. 

4.3.1 Results of standing state 
The purpose of this test is to analyse the Kinect joint detection stability. In this kind of test 
the tester must stay without movements. To improve the stability of the body, the tester leans 
to the wall. There are two tests: Test 180 cm where the distance between Kinect and tester is 
180 cm and the Test 250 cm where the distance between Kinect and tester is 250 cm. 

Test 180 cm. Precision: The test shows that the joint detection is enough stable, in fact the 
standard deviation of the precision of all joints is low (0.002 meters), like all the other 
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parameters in Table 3 (one significant value is the average 0.009 meters, very low). Table 3 
shows the average of all joints. The individual data is presented in Appendix C. 

Table 3 Precision: Measurements result of Test 180 cm. 

DISTANCE VECTOR 
(mean value - current 

value) 
Average Min Max Max - Min 

Standard 
deviation 

AVERAGE of all 
joints 

0.009 0.006 0.017 0.011 0.002 

 
In general in this case, the precision of the joints detection in standing position is good, but 
the Kinect device has some problem for the initial recognition of the skeleton. The reason for 
this is that the body is too close to the Kinect device and the skeleton detection has some 
problem to catch the entire body.  

Figure 18 shows the detection of the left ankle joint for X, Y and Z value. For each graph, the 
blue line shows individual detections and the red line shows the average value. Figure 18 
shows that the Z value is more stable than the X and Y values.  

Accuracy: Table 4 shows the distance vector in measurement of accuracy. The results are not 
as satisfactory as the precision results, but it is important not to forget the assumption for the 
accuracy test. Anyway the average of all vector distance is 0.158 meters, which is not bad 
considering the assumptions of joint and sensor locations.  

Table 4 Accuracy: vector distance between detected and real (with assumption) joints of 
Test 180 cm. 

 
Distance 

 
Vector XYZ 

Left foot 0.065 

Right foot 0.017 

Left knee 0.162 

Right knee 0.124 

Left ankle 0.136 

Right ankle 0.131 

Left hip 0.164 

Right hip 0.160 

Left shoulder 0.235 

Right shoulder 0.293 

Central shoulder 0.250 
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Figure 18 X, Y and Z detection of the left ankle joint. 

Test 250 cm. Precision: The test shows also here the standard deviation with low values for 
the most of joints, as shown in Appendix D. In fact, also here the value of the average is very 
low (0.011 meters) and the standard deviation (0.008) is just a little bit smaller than in the 
180cm test. Table 5 reports the average of the all joints shown in Appendix D. 

Table 5 Precision: Measurements result of Test 250 cm. 

DISTANCE VECTOR 
(mean value - current 

value) 
Average Min Max 

Max - 
Min 

Standard 
deviation 

AVERAGE of all 
joints 

0.011 0.004 0.040 0.036 0.008 

 

So the joint detection is still stable. Also in this case, the precision of joints detection in 
standing position is very good. In this test, differently to the first one, the Kinect device 
recognized the skeleton more easily.  

Accuracy: Table 6 shows the same kind of results as the previous test and the average is 
practically the same, 0.159 meters, 1 millimetre of difference. 
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Table 6 Accuracy: vector distance between detected and real (with assumption) joints of 
Test 250 cm. 

 
Distance 

 
Vet. XYZ 

Left foot 0.077 

Right foot 0.065 

Left knee 0.198 

Right knee 0.209 

Left ankle 0.203 

Right ankle 0.194 

Left hip 0.125 

Right hip 0.127 

Left shoulder 0.179 

Right shoulder 0.214 

Central shoulder 0.157 
 

Finally, both tests show how the detection in standing position is stable for the joints 
coordinate. One important difference is the easy recognition of the skeleton and on this 
aspect the second test is better, but the result of two precision measurements shows how the 
Test 180 cm has less error than the other one. Anyway, in both tests the precision 
measurements are very good, and the error (vector distance) with these measurements in the 
worst case (Test 250 cm) is at most 3.6 centimetres. The accuracy results are the same for 
two kinds of tests, with only 0.1 centimetre of difference, but the accuracy has more error 
than precision. The average of the accuracy error is 15.9 centimetres, almost 4 times the 
precision error. So without knowing the specific point of a joint it is harder to show with high 
definition the accuracy of the Kinect device. The precision is simpler to study and the result 
of this study verifies this aspect. 

4.3.2 Results of the degree of the foot 
Two kinds of test are being done in order to analyse the measurements of the degree of the 
foot: one without movement of the ankle and another with gradual movement of the degree 
of the foot. In these kinds of results the unit of figures presented in tables is not meter but 
degree. 

Test 1 Table 7 shows the result of the measured precision of the ankle-foot line. Table 7 
reports 10 measurements of the same state and in the table bottom of the table the average 
and standard deviation is shown. Each single measurement corresponds to 200 detections 
for the total of 2000 measurements. The standard deviation is only 0.5 degree, which is a 
good result.  
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Table 7 Degree of the foot in the first test without movement. 

  Ankle-Foot line 

Test n. Degree (°) 

1 2.502 

2 2.637 

3 2.560 

4 3.445 

5 2.550 

6 2.101 

7 2.254 

8 3.204 

9 2.037 

10 1.899 

Average   2.519 

Standard 
Deviation 

  0.495 

 
Figure 19 shows several measurements of the ankle-foot line and as can be seen, they are very 
close to each other. 

 

Figure 19 The 10 captured ankle-foot lines (X-Z plane) used in the first test without 
movement. 

The second test shows both accuracy and precision results. Also in this test each 
measurement (one for each degree) corresponds to 200 detections. In order to get precision 
results, the test was repeated six times. The reason for this was that it was difficult to position 
the foot in exactly the right angle. So for smoothing the error, the entire test was done more 
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than one time. The table in Appendix E shows the measurements of those tests and the 
average and standard deviation for each different degree. Table 8 shows the standard 
deviation for each different degree. The average of all standard deviations is presented at the 
bottom of Table 8 (yellow box). 

Table 8 The detection for each several degree, from 0 degree to 55 degree. The degree 
column is the expected degree value. 

Degree 
Standard 
deviation 

0 2.78 

5 4.27 

10 4.38 

15 5.46 

20 4.97 

25 6.67 

30 7.69 

35 6.81 

40 11.97 

45 6.44 

50 4.27 

55 5.06 

	  
5.90 

 

Speaking about the precision in table 8, the standard deviation is about 6°. The accuracy is 
presented in Appendix E. The difference between the real value (the column in green) and the 
average of the several detections becomes worse and worse as the degree increases. So the 
quality of the accuracy decreases with increase of the angle. 

4.3.3 Results of the knee path 
The results of the first kind of measurement are shown in Table 9. This is the result of the 
knee path (linear direction) and ankle-foot line with same angulation. The table shows the 
angular coefficient (slope) in degree of the line between ankle and foot joints, and the same 
degree for the interpolation of the knee points. Then the absolute difference between these 
two measurements is shown, and the results are very positive, at most 5.28° of difference. 

Table 9 Results of the knee path (linear direction) and ankle-foot line with same 
angulation. 

  
Ankle-foot 

line 
Interpolation 

knee path   
Test Degree Degree Difference  

1 -86.43 -81.16 5.28 

2 -62.34 -61.52 0.81 

3 -37.25 -35.20 2.05 
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The results of the second measurement are shown in Table 10. This is the results of the knee 
path (linear direction) and ankle-foot line with different angulation. Also here the table 
shows the angular coefficient in degree of the line between ankle and foot joints, and the 
same degree for the interpolation of the knee points. So the absolute difference between these 
two measurements is shown and also here the results are very positive, because in this case 
the differences should be high and they are. 

Table 10 Results of the knee path (linear direction) and ankle-foot line with different 
angulation. 

  
Ankle-foot 

line 
Interpolation 

knee path   
Test Degree Degree Difference  

1 7.47 63.30 55.84 

2 47.72 75.15 27.43 

3 69.49 -87.24 17.75 
 

The last result, shown in Table 11, is the knee path (not linear direction) and ankle-foot line 
with same angulation. Here the limit of the interpolation method in this type of application 
is apparent. The interpolation can bring wrong interpretation of the movement. In fact, on 
three tests one is shown as wrong. The other two are shown as correct, and this is not good as 
all three differences should be wrong. One solution to this issue could be to check the 
distance between the measured point and the interpolation line in order to understand how 
long the distance between line and points is, and finally evaluate the goodness of the 
measured point. 

Table 11 Results of the knee path (not linear direction) and ankle-foot line with same 
angulation. 

  
Ankle-foot 

line 
Interpolation 

knee path   
Test Degree Degree Difference  

1 -85.13 -47.97 37.16 

2 -56.52 -56.16 0.36 

3 -33.15 -31.60 1.55 

4.4 Conclusion 
The results about the measurements have several positive feedbacks. The precision has more 
positive result than the accuracy. In general, in all the experiments the joint detection has 
stable values. One consideration to do is about the experiment repetition. A consistent 
approach has not been used for determining the number of the detection repetitions. In the 
last measurement, the data collected is not comparable to the other experiments because the 
repetitions are too few. One reason behind this is that the test was with movement (the 
movement of the knee) and this was more time consuming.  
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5 Application for evaluating and catching the 
movement 

5.1 Application for evaluating movements 
The analysis of the metrics suggested by physiotherapists and the detected error of 
measuring those metrics in previous chapter, is the keys of the strategy for discriminating 
between correct and incorrect movement. So the analysed metrics are on hip, spine and knee 
movement. The result of the evaluation of the application is expressed with one number for 
each metric.  

5.1.1 Three metrics used for the evaluation 
Hip and Spine metrics are express with numbers, and these numbers are express in meters, 
for example the value 0.21103 express 21.103 centimetres. Also the knee metric is a number 
but it expresses effective difference in angulation between knee path and foot, as explained in 
the previous section. 

Hip. The hip evaluation number expresses the quality of the hip position. If the hip is in 
perfect horizontal position the number is about 0. So the more the hip is not aligned with the 
horizontal position, the more the result move away from the 0 value. The number is the 
distance between the left hip point and the right hip point on the Y coordinate. In this study, 
the hip evaluation number will be considered as the hip error evaluation. Figure 20 shows 
this concept, where the two yellow lines represent the X and Y-axis and the two red points 
represent the right and left hip. 
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Figure 20 The right and left hip points on the X-Y axis. 

So, the greater distance in Y-value between the right and left hip, the more the hip number 
increases. 

Spine. The spine evaluation number expresses the quality of the spine position. If the spine 
is in perfect vertical position the number is about 0. So, if the spine is not aligned with the 
vertical position the result move away from a 0 value. The number is the distance between 
the centre hip point and the centre shoulder point on the X coordinate. In this study, the 
spine evaluation number will be considered as the spine error evaluation. Figure 20 shows 
this concept, where the two yellow lines represent the X and Y-axis and the two red points 
represent the centre shoulder and centre hip. 
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Figure 21 The central shoulder and central hip points on X-Y axis. 

So, the greater distance in X-value of the central shoulder and central hip, the more the spine 
number increases. 

Knee. The knee evaluation number expresses the quality of the knee movement. If the knee 
path (interpolation line) has the same direction and angulation as the ankle-foot line the 
evaluation number is 0. So, the more the knee angulation differs from the ankle-foot 
angulation, the more the result move away from the 0 value. The number is the difference 
between the knee line slope and the ankle-foot line slope on X-Z axis. The slope difference is 
expressed in degrees. In this study, the knee evaluation number will be considered as the 
knee error evaluation. 

5.1.2 Elaboration of the raw data 
The purpose of the elaboration of the raw data is to eliminate from it the outliers, with an 
analysis of the raw data. In order to smooth the outliers, the first idea was to analyse the 
entire raw data after it had been stored, but for a run-time evaluation this kind of approach 
was not practical. The adapted solution is to use buffering. This method was used to analyse 
the joints involved in the knee evaluation. In the other two cases, the buffering was not 
needed.  

5.1.3 Propose evaluation algorithm 
The following algorithm is used in the game for generating a judgment of each movement. 
The algorithm judges a move as excellent, good or bad based on a threshold. The algorithm 
uses three metrics expressed as a percentage. These percentages are the index of the error 
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relative respective metric. So the resulting number judges the movement as a weighted 
average of the three metrics. The weights are used to distribute the correct balance 
comparatively to the error of the metrics. Finally the result percentage is a number that is 
compared to the threshold for the final judgment of the movement in the game. 

In order to determinate the percentage for each metric we have simulated the maximum 
error possible for each metric in order to set a max value to calculate the interval max-min for 
generate a per cent (obviously the minimum value correspond to 0).  

A key point for the judgment is the weight of the three metrics. Hip and spine error was 
approximately the same, but the knee error was bigger than the other metrics. Considering 
the different units of the knee metric (degree) and the hip/spine metrics (cm) it was not easy 
to determinate good weights. Taking into consideration both aspects the distribution of the 
weight could be: 

• 𝐻𝑖𝑝!"#$!! = 70 

• 𝑆𝑝𝑖𝑛𝑒!"#$!! = 70 

• 𝐾𝑛𝑒𝑒!"#$!! = 30 

So the final per cent is calculated in the following way: 

𝑓𝑖𝑛𝑎𝑙𝑃𝑒𝑟𝑐𝑒𝑛𝑡 =
𝐻𝑖𝑝!"#$"%& ∗ 𝐻𝑖𝑝!"#$!! + 𝑆𝑝𝑖𝑛𝑒!"#$"%& ∗ 𝑆𝑝𝑖𝑛𝑒!"#$!! + 𝐾𝑛𝑒𝑒!"#$"%& ∗ 𝐾𝑛𝑒𝑒!"#$!!

𝐻𝑖𝑝!"#$!! + 𝑆𝑝𝑖𝑛𝑒!"#$!! + 𝐾𝑛𝑒𝑒!"#$!!
 

The thresholds for determinate the excellent, good and bad judgment is the following: 

• 0 ≤ 𝑒𝑥𝑐𝑒𝑙𝑙𝑒𝑛𝑡!!!"#!!"# ≤ 10 

• 10 < 𝑔𝑜𝑜𝑑!!!"#!!"# ≤ 20 

• 20 < 𝑏𝑎𝑑!!!"#!!"# ≤ 100 

5.2 Application for catching movement 
As explained earlier, the key points of the evaluation are the single evaluation of hip, spine 
and knee. Instead of catching the movement, the key point is the recognizing of the class of 
movement (if one movement is forward, left etc.). In order to recognizing the movement a 
DFA (Deterministic Finite Automata) has been implement, as shown in Figure 22. In this 
way, every time that the current state enters in one specific state, the evaluation can start and 
after the movement has been performed it can stop. 
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Figure 22 DFA for recognizing movements. 

For example, the knee evaluation needs the detection of the joints from one specific body 
state to another. An example is shown with the forward left movement: So, the start position 
is with the current state in “Init” state. If the person performs the “MoveForwLeft” action 
(which corresponds to the transition of the DFA) the current state becomes “ForwardLeft1”. 
If the person performs the “StopLeftFoot” action, the current state becomes “ForwardLeft2”. 
In this kind of state, the body is in the specific movement phase where knee movement is 
captured, as long as the current state does not leave the “ForwardLeft2” state.  In this way, it 
is possible to recognize a specific step of the movement in order to evaluate the needed joints 
involved in this movement.  

The algorithm behind the DFA have a large margin to recognize the movements, which 
means that if a person performs one movement similar to the forward movement, it is 
recognized like forward movement - also if it is not a physiotherapist forward movement. 
This kind of approach allows for evaluating the “wrong” movement, because there are very 
large areas of “wrong” movements. So, without discarding the different movement from the 
correct movement it is possible evaluate it. Another reason behind this large margin in 
recognizing of the movements is the use of this application inside the game. In fact, a large 
flexibility is needed for the different type of movements in order to give the chance to play 
without problem relative to the input control inside the game. 

So after this explanation the expectation on the results are those: 
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1. The application is not able to understand if the recognized movement is an 
appropriate rehabilitation movement or a similar movement. 

2. If the caught movement is a rehabilitation movement, the application will give three 
kinds of feedback. If the performed movement is incorrect the feedback value should 
be “bad”. If the performed movement is totally correct the feedback value should be 
“excellent”. Finally, if the performed movement is correct but not perfect the feedback 
value should be “good” 

3. The point 2 is in the specific case of the rehabilitation movement, but if the patient 
performs a movement outside the rehabilitation category it will be evaluated too. 



 

 38 

6 Evaluation of the application 
The procedure for the evaluation of the application is based on the judgment of the 
physiotherapist. The application, during the evaluation of the movement, records the same 
movement as a sequence of images (the result is like movie). For each movement it records 
the sequence of images and the hip, spine and knee evaluation to a file. So, for each patient 
there are as many folders as number of movements performed by patients, and in each folder 
there are the sequence image and the evaluation of the application.   

6.1 Experimental set-up 
The judgment of the physiotherapist was made without knowledge of the application 
evaluation. For each movement, the physiotherapist had to fill one questionnaire about the 
movement (Appendix B), in order to evaluate the application results. 

The experiment was with 7 patients, with the age between 15 and 30, both males and females. 
Out of 801 movies, 40 random movies were selected to be evaluated. The 801 movies was 
enumerated and 40 random number selected from 1 to 801. Obviously the selected number 
was the movies for the evaluation. 12 of 40 movies could not be evaluated for several reasons. 
For example, the movie was too short or the movement considered did not fall inside any 
rehabilitation category, because it was wrong. In fact, in some responses from the 
questionnaires the physiotherapist wrote the comment “wrong movement” without 
expressing any value of the scale in any question. So, it is possible to considerer this kind of 
answer like value 1 (wrong) on the question “You judge with a number the entire exercise”. 
But it will be considered only in the specific case of general judgment of the entire movement 
and not on the specific evaluation of hip, spine and knee. 

The table in Appendix F shows the entire result between the physiotherapist evaluation and 
application evaluation of the patients’ movements. The physiotherapist evaluation is 
expressed in one scale between 1 (wrong value) and 7 (right value). The application's 
judgement is expressed with the metrics explained in previous section, i.e. in centimetres for 
the hip and spine and in degree for the knee. 

6.2 Results 
The results could be divided in two points of view. 

1. The results about the comparison of the overall judgment between algorithm and 
physiotherapist. 

2. The results about the comparison of the three metrics hip, spine and knee between 
the application for calculating those metrics and the judgment of the physiotherapist 
for each metric. 

6.2.1 Overall judgment 
The general result of the overall judgment is shown in Appendix L, where for each evaluation 
of the physiotherapist the per cent judgment of the algorithm. Table 12 shows more clearly 
the effectiveness of this algorithm. In addition, it is important to considerer that in this kind 
of test the results are strongly dependant on the chosen threshold (to judge the excellent, 
good and bad movement). In fact, Table 12 shows the outcome with 4 different types of 
thresholds. So, there are 4 setting relative to the thresholds: 
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• Setting 1: 
 0 ≤ 𝑒𝑥𝑐𝑒𝑙𝑙𝑒𝑛𝑡!!!"#!!"# ≤ 10 
 10 < 𝑔𝑜𝑜𝑑!!!"#!!"# ≤ 20 
 20 < 𝑏𝑎𝑑!!!"#!!"# ≤ 100 

 

• Setting 2: 
 0 ≤ 𝑒𝑥𝑐𝑒𝑙𝑙𝑒𝑛𝑡!!!"#!!"# ≤ 7.5 
 7.5 < 𝑔𝑜𝑜𝑑!!!"#!!"# ≤ 18 
 18 < 𝑏𝑎𝑑!!!"#!!"# ≤ 100 

 

• Setting 3: 
 0 ≤ 𝑒𝑥𝑐𝑒𝑙𝑙𝑒𝑛𝑡!!!"#!!"# ≤ 7.5 
 7.5 < 𝑔𝑜𝑜𝑑!!!"#!!"# ≤ 18.9 
 18.9 < 𝑏𝑎𝑑!!!"#!!"# ≤ 100 

 

• Setting 4: 
 0 ≤ 𝑒𝑥𝑐𝑒𝑙𝑙𝑒𝑛𝑡!!!"#!!"# ≤ 7.5 
 7.5 < 𝑔𝑜𝑜𝑑!!!"#!!"# ≤ 21 
 21 < 𝑏𝑎𝑑!!!"#!!"# ≤ 100 

 

. Table 12 shows the evaluation of the algorithm in per cent. So, the effectiveness of the 
algorithm is express from specific per cent. General index column is the average between 
Excellent, Good and Bad columns for each line and it is the significant number for evaluating 
the algorithm effectiveness. It is a general indication of the other columns. Excellent value 
corresponds to the 7 and 6 values relative to the judgment of the physiotherapist on the 
movement. Good corresponds to the 5 and 4 values, and finally the Bad column corresponds 
to 3, 2 and 1 values.  

In Table 12, the per cent values of the column Excellent, Good and Bad are calculated 
independently. So each per cent feedback (Excellent, Good and Bad) is calculated for its self, 
on the relative judgments number. Then the total number of Excellent judgment (by 
physiotherapist) was 8 judgments, Good was 15 judgments and Bad was 9 judgments for the 
total of 32 judgments. On this total one judgment is missed and the reason being that the 
application, on the knee evaluation, generated an error at run-time. Hence this error result 
was discarded.  

In order to understand the three percentage values consider the following example on the 
Excellent case: the results of questioner submitted to physiotherapist shows 8 movements 
judged with 7 and 6 values. The algorithm of the application has shown on these 8 
movements 50% of effectiveness. This means that 4 of these movements were evaluated by 
algorithm as excellent and 4 were evaluated as bad or good. More in detail the evaluation 
number (by the algorithm) of 4 movements was inside the 𝒆𝒙𝒄𝒆𝒍𝒍𝒆𝒏𝒕𝒕𝒉𝒓𝒆𝒔𝒉𝒐𝒍𝒅 of the specific 
setting (line of the table) and the other 4 movements were outside the 𝒆𝒙𝒄𝒆𝒍𝒍𝒆𝒏𝒕𝒕𝒉𝒓𝒆𝒔𝒉𝒐𝒍𝒅. 
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Table 12 Per cent in order to show the effectiveness of the algorithm. 

 
General 

index 
Excellent Good Bad 

Setting 1 41% 50% 40% 33% 

Setting 2 54% 50% 67% 44% 

Setting 3 56% 50% 73% 44% 

Setting 4 59% 50% 93% 33% 
 

The highest general index of effectiveness of the algorithm with those thresholds is 59% as is 
shown in table 12 for setting 4. 

6.2.2 Metric measure 
The next tables help to understand more clearly the relation between these kinds of 
evaluations. In fact, for each table one metric is shown, and in each table the evaluation of 
physiotherapist is compared to the number evaluation of the application. In the tables the 
average for each movement that correspond to one evaluation by application. In the 
Appendix G, Appendix H and Appendix I respectively for the knee, hip and spine, the same 
evaluation is showed in detail. These column values are from 7 to 1 (it is the evaluation by 
physiotherapist). In addition, the last line (yellow line) of the tables shows two indicative 
values: the correct value and the incorrect value. The correct value is composed of the average 
of the measurements for the 7, 6 and 5 ratings. The incorrect value is composed of the 
average of the 4, 3, 2 and 1 ratings. Considering the explanation about the meaning of the 
three metrics, the correct value should be lower than the incorrect value (because the metric 
evaluation expresses the error). 

Knee. Table 13 is created from Appendix G. 

Table 13 The average of knee evaluation between judgment number of the 
physiotherapist and the number evaluation of the application. 

 
KNEE 

 
7 6 5 4 3 2 1 

Average of 
all 

movements 
12.75 2.06 6.63 4.07 6.4 3.9 \ 

 
7.15 (correct) 4.79 (incorrect) 

 

Hip. Table 14 is created from Appendix H. 
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Table 14 The average of hip evaluation between judgment number of the physiotherapist 
and the number evaluation of the application. 

 
HIP 

 
7 6 5 4 3 2 1 

Average of 
all 

movements 
0.71 1.09 0.51 1.16 0.56 0.48 \ 

 
0.77 (correct) 0.73 (incorrect) 

 

Spine. Table 15 is created from Appendix I. 

Table 15 The average of spine evaluation between judgment number of the 
physiotherapist and the number evaluation of the application. 

 
SPINE 

 
7 6 5 4 3 2 1 

Average of 
all 

movements 
1.58 2.3 1.75 2.44 1.22 2.22 \ 

 
1.88 (correct) 1.96 (incorrect) 

 
The application evaluation of the spine has some resemblance with the physiotherapist 
evaluation. In fact, considering the yellow line of table 15 the average between the field 7, 6 
and 5 of the physiotherapist evaluation is bigger than the average between the field 4.3 and 2 
(no results with value 1). So the error of correct movements is lower than the error of the 
incorrect movements: 

• Average value 7-6-5 is 1.88 cm. 

• Average value 4-3-2 is 1.96 cm. 

In the spine case there is the correct difference between “correct” and “incorrect” but it is 
very thin. In the hip and knee cases the comparison is not good. In the hip case there is a thin 
incorrect difference between “correct” and “incorrect”. In fact the value of “incorrect” 
movement is very close to the “correct” movement and the “incorrect” value is lower than the 
“correct” value (it means it makes just the opposite judgment compared to the 
physiotherapist). The same holds for the knee case, but the difference in degree between 
“correct” and “incorrect” is big. In Appendix G the big difference is because the fifth line of 
the table is so big compared to the others (outlier value).  

6.3 Observation 
The two results: overall judgment and metric measure have different feedback and different 
focus. The first result is the effectiveness of the algorithm and the other result is on the 
singulars metrics. In fact, the first one has positive results and the second less positive. In 
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general, on these kind of the studies there are some limitation and they hit in negative way on 
the results. 

One limitation on the evaluation of the physiotherapist is because the source from which the 
physiotherapist has to do the evaluation was a mini-movie. The most relevant problem was 
the miss of the 3D view. An evaluation in real time would have been better than an evaluation 
from a movie. Another problem was the mini-movie length, because sometimes the 
movement of the patient was too fast, consequently the movie too short. 

I think that one big limitation for the precision of the application is that the real judgment of 
the physiotherapist is not only limited to the three metrics, but it includes other aspects. The 
ability to make this judgement is mainly acquired through experience. Otherwise, all people 
who know about these three metrics should be able to judge the physiotherapist movement. 
In additional the division of weight to set the importance of the metrics is based on the error 
of detection and not under the viewpoints of the physiotherapist. 
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7 Conclusion 

7.1 Summary of results 
The rehabilitation area is a large field of study and this thesis has shown the big potential in 
the intersection between Kinect device input and rehabilitation area. This point of view 
reflects the conclusion in LaBelle's work (LaBelle, 2011), where she asserts the big 
potentiality of the Kinect device in the rehabilitation area. More specifically, the restriction 
area of this work compared to the large area of the intersection between the Kinect field and 
the rehabilitation field has reports interesting result as the accuracy and precision. In fact, 
with known limitations, they show the possibility to use the Kinect device in the 
rehabilitation area it also confirms LaBelle's (2011) assertion. One difference between this 
work and the LaBelle’s work is the complexity in the monitoring of the data to analyse. In this 
work there is a need to catch several specific movements and inside the different movements, 
several steps of the same movements (for example, inside the Forward movement the 
application evaluate the specific data about a part of movement instead of entire movement). 
Instead in LaBelle’s work the data sets were easy to monitor and to understand, because the 
exercise was extremely simple. 

So, the results of the discrimination from wrong to right movement are not excellent but with 
the smoothing of the algorithm they could be interpreted in a good way. The reason of the 
low effectiveness of the application data is explained from the limitations of the evaluation of 
the application and also the limitations of the physiotherapist evaluation. Instead the 
accuracy and precision results has been positive, with a low error of detection. But this error 
is strongly coupled with the SDK used. With more improvement of the skeleton detection of 
the SDK, those will potentiality be improved too, because right now the precision is very high 
and the only thing to improve is the stability of the joints in the detection. This little 
instability brings, in some cases, outliers and it will be improved with improvement of the 
SDK of Kinect device. 

Finally, the response to the research problem of the thesis about: 

• The measurements for accuracy and precision  

• about the application evaluation after the tests and the evaluation of the 
physiotherapist. 

In the first case the results are very good, and in the second case not so much, but with big 
margin of improvement. Obviously as explained in the results section, the application for the 
discrimination of the rehabilitation movements has some limitation and it could be improved 
with some approaches explained in the next section on Future work. The showed results of 
the second point are not positive but very interesting, because from the accuracy and 
precision results, the detection of the Kinect is good for discriminating, for example one 
movement on knee to another movement on the same knee. But the bad results are not 
because the Kinect does not have enough precision and accuracy detection, it is mainly 
because the evaluation of the physiotherapist is not based only on the metrics. With this kind 
of study we discovered that the only use of these three metrics are not enough to judge this 
kind of movement in a correct way, but it needs smoothing of the data and some strategy to 
attribute the correct weight in the evaluation. Finally this approach of the developed 
application and with the algorithm, is not enough for discriminating, in a satisfactory way, 
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the correct from the incorrect movement on this typology of rehabilitation exercise. This is 
because the effectiveness of the algorithm compared with the physiotherapist judgment is 
59% in the best setting case. 

7.2 Discussion 
In order to fix the limitation relative to the physiotherapist judgment, an alternative method 
for the evaluation of the movements could be to use more physiotherapists for the judgment. 
It means to submit the same movements to evaluate to more physiotherapists, in this way 
also the judgment of the physiotherapist will be analysed to understand the effectiveness of 
the judgment. In this study, all judgments of the physiotherapist in the evaluation of the 
movements were being considered correct, without considerations of the possible differences 
in judgment between physiotherapists.  

7.3 Future Work 
From this work it is possible see a large number of future works and improvements also 
because this field has an extended area. To improve the quality of the application and its 
judgment it is possible to try to: 

• put more rules in the evaluation of the movement and increase the number of metrics. 

• implement some solution to solve the problem relative to the “abnormal” state issues 
as suggested in the previous chapter. 

• implement an auto-learning approach for teach/train the application in order to 
create an expert system for evaluation. 

The last point is inspirited by Alexiadis, Daras, Kelly, O’Connor, Boubekeur & Moussa (2011) 
and Raptis, Kirovski & Hoppe (2011) where the data to analyse and the movements to 
evaluate are compared with data set pre-existing or with new data created by one application 
to record and analyse the movements. 

In addition, another idea for new research could be to use objects/items for improve the 
feedback from the Kinect detection. For example, to use real physical objects useful for 
rehabilitation, such as a chair or a stick, or to use some useful instrument of the medical 
rehabilitation like stability ball etc.  

Finally, we’ll study if it is possible to increase the accuracy of the measurements of the Kinect. 
By using external simple objects, is it possible to help to identify body parts in physiotherapy 
field in order to increment the accuracy detection? Could the Kinect sensor be used to track 
the items and the person, so that the detection of the object does not interfere with the 
detection of the person in order to increase the accuracy in the measurement of body parts 
involved in the movement? So the Kinect will detect and track simple objects with specific 
measurements together with the person. As an example, an object could be used as a stick 
with a defined length to create additional feedback for the sensors and this item (the stick) 
could be used to support physical therapy exercises and then to support the aim of the 
physiotherapist. The items could have measures "known" (for example exactly one meter) so 
that the presence of the object will be able to increase the feedback of sensors to improve the 
accuracy detection of body parts of the person that wear the object. 
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Appendix A  -  Example of the raw data 
Five detections of the all joints. 

  

1 2 3 4 5 

Left ankle X -0.28103 -0.28103 -0.28076 -0.28076 -0.2809 

  Y -0.55342 -0.55342 -0.55204 -0.55204 -0.55229 

  Z 1.861223 1.861223 1.861303 1.861303 1.86111 

Right ankle X 0.338653 0.338653 0.338596 0.338596 0.338487 

  Y -0.53458 -0.53458 -0.53474 -0.53474 -0.53447 

  Z 1.864927 1.864927 1.864779 1.864779 1.864652 

Left elbow X -0.32822 -0.32822 -0.32812 -0.32812 -0.32811 

  Y 0.411834 0.411834 0.411875 0.411875 0.411893 

  Z 1.937532 1.937532 1.937444 1.937444 1.937458 

Right elbow X 0.325581 0.325581 0.325566 0.325566 0.325781 

  Y 0.434844 0.434844 0.434843 0.434843 0.434409 

  Z 1.948243 1.948243 1.948177 1.948177 1.948251 

Left foot X -0.27421 -0.27421 -0.27423 -0.27423 -0.2744 

  Y -0.58561 -0.58561 -0.58426 -0.58426 -0.5845 

  Z 1.789858 1.789858 1.789924 1.789924 1.789725 

Right foot X 0.339169 0.339169 0.339504 0.339504 0.339404 

  Y -0.59733 -0.59733 -0.59746 -0.59746 -0.59711 

  Z 1.842039 1.842039 1.840669 1.840669 1.841473 

Left hand X -0.3768 -0.3768 -0.3768 -0.3768 -0.37679 

  Y 0.124176 0.124176 0.124172 0.124172 0.124151 

  Z 1.934502 1.934502 1.934505 1.934505 1.934484 

Right hand X 0.410171 0.410171 0.410137 0.410137 0.410379 

  Y 0.149171 0.149171 0.149249 0.149249 0.148921 

  Z 1.940138 1.940138 1.940089 1.940089 1.940149 
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Head X -0.0191 -0.0191 -0.01909 -0.01909 -0.01913 

  Y 0.725872 0.725872 0.725885 0.725885 0.725904 

  Z 1.927868 1.927868 1.927923 1.927923 1.928001 

Centre, between hips X -0.00038 -0.00038 -0.00017 -0.00017 -0.00018 

  Y 0.23018 0.23018 0.230107 0.230107 0.23017 

  Z 1.84207 1.84207 1.842135 1.842135 1.842113 

Left hip X -0.05348 -0.05348 -0.05336 -0.05336 -0.0534 

  Y 0.172518 0.172518 0.172403 0.172403 0.172441 

  Z 1.849277 1.849277 1.849384 1.849384 1.849404 

Right hip X 0.057085 0.057085 0.057158 0.057158 0.057093 

  Y 0.174585 0.174585 0.174554 0.174554 0.174618 

  Z 1.833241 1.833241 1.833259 1.833259 1.833126 

Left knee X -0.20467 -0.20467 -0.20465 -0.20465 -0.20464 

  Y -0.21845 -0.21845 -0.21844 -0.21844 -0.21838 

  Z 1.881774 1.881774 1.881785 1.881785 1.881779 

Right knee X 0.233803 0.233803 0.233807 0.233807 0.233785 

  Y -0.18685 -0.18685 -0.18686 -0.18686 -0.18685 

  Z 1.870078 1.870078 1.870084 1.870084 1.870071 

Centre, between 
shoulders X -0.00994 -0.00994 -0.00884 -0.00884 -0.00886 

  Y 0.565085 0.565085 0.564725 0.564725 0.565279 

  Z 1.836983 1.836983 1.836903 1.836903 1.83695 

Left shoulder X -0.12407 -0.12407 -0.12407 -0.12407 -0.12402 

  Y 0.524163 0.524163 0.52412 0.52412 0.524112 

  Z 1.865719 1.865719 1.865826 1.865826 1.86591 

Right shoulder X 0.126556 0.126556 0.126332 0.126332 0.126353 

  Y 0.51153 0.51153 0.511111 0.511111 0.511009 

  Z 1.887343 1.887343 1.88639 1.88639 1.886349 
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Spine X -0.0029 -0.0029 -0.0025 -0.0025 -0.00249 

  Y 0.285921 0.285921 0.285807 0.285807 0.285911 

  Z 1.844583 1.844583 1.844629 1.844629 1.8446 

Left wrist X -0.37259 -0.37259 -0.37258 -0.37258 -0.37262 

  Y 0.208381 0.208381 0.208375 0.208375 0.208416 

  Z 1.939418 1.939418 1.939418 1.939418 1.939495 

Right wrist X 0.394434 0.394434 0.394354 0.394354 0.394549 

  Y 0.220393 0.220393 0.220378 0.220378 0.218698 

  Z 1.940469 1.940469 1.940421 1.940421 1.939814 
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Appendix B  -  Questionnaire for the evaluation of 
movement 

Can you consider a rehabilitation movement that one in the movie?  
      
   Yes No 

You judge with a number the movement of knee 

wrong 1 2 3 4 5 6 7 correct 

You judge with a number the position of the hip 

wrong 1 2 3 4 5 6 7 correct 

You judge with a number the position of the spine 

wrong 1 2 3 4 5 6 7 correct 

You judge with a number the entire exercise 

wrong 1 2 3 4 5 6 7 correct 
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Appendix C  -  Precision: Measurements result of 
Test 180 cm. 
DISTANCE VECTOR 
(mean value - current 

value) 
Average  Min Max Max - Min 

Standard 
deviation 

Left ankle 0.003 0.000 0.009 0.009 0.002 
Right ankle 0.003 0.000 0.009 0.009 0.001 

Left foot 0.003 0.000 0.010 0.010 0.003 
Right foot 0.003 0.000 0.014 0.014 0.004 

Left hip 0.003 0.000 0.014 0.014 0.003 

Right hip 0.004 0.000 0.014 0.014 0.003 

Left knee 0.004 0.000 0.014 0.014 0.003 

Right knee 0.006 0.002 0.012 0.010 0.002 
Center, between 

shoulders 0.016 0.013 0.020 0.007 0.002 

Left shoulder 0.029 0.024 0.034 0.010 0.003 

Right shoulder 0.029 0.024 0.033 0.009 0.002 

AVERAGE 0.009 0.006 0.017 0.011 0.002 
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Appendix D  -  Precision: Measurements result of 
Test 250 cm. 
DISTANCE VECTOR 
(mean value - current 

value) 
Average  Min Max Max - Min 

Standard 
deviation 

Left ankle 0.003 0.000 0.009 0.009 0.002 
Right ankle 0.004 0.000 0.009 0.008 0.002 

Left foot 0.007 0.001 0.020 0.020 0.004 
Right foot 0.008 0.000 0.031 0.030 0.005 

Left hip 0.005 0.001 0.012 0.011 0.003 

Right hip 0.013 0.001 0.032 0.031 0.007 

Left knee 0.024 0.012 0.051 0.038 0.013 

Right knee 0.024 0.012 0.059 0.046 0.013 
Center, between 

shoulders 0.021 0.011 0.073 0.062 0.013 

Left shoulder 0.005 0.001 0.076 0.076 0.011 

Right shoulder 0.012 0.000 0.069 0.069 0.011 

AVERAGE 0.011 0.004 0.040 0.036 0.008 
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Appendix E  -  The detection of the degree of the 
foot 

The Degree column is the expected degree value in the measurements. Then six 
measurements, the average and standard deviation on those measurements.  

 
Measurements Measurements 

Degree 1 2 3 4 5 6 Average 
Standard 
deviation 

0 0.14 3.38 2.46 3.65 8.60 4.41 3.77 2.78 

5 17.04 10.72 4.14 11.29 11.90 13.82 11.48 4.27 

10 20.42 9.98 8.73 12.64 11.88 16.63 13.38 4.38 

15 25.08 16.26 19.97 16.50 9.77 12.26 16.64 5.46 

20 28.93 16.65 17.79 17.71 23.38 25.11 21.59 4.97 

25 36.76 22.94 24.09 25.21 16.16 26.26 25.24 6.67 

30 29.54 37.86 23.74 46.27 32.42 35.88 34.28 7.69 

35 41.69 44.87 45.36 41.55 27.18 36.65 39.55 6.81 

40 46.85 67.07 69.57 58.40 41.43 45.16 54.75 11.97 

45 53.80 64.07 50.52 62.59 51.21 49.35 55.25 6.44 

50 57.74 68.51 68.71 64.28 67.83 67.71 65.80 4.27 

55 60.63 73.19 64.82 70.07 70.29 73.51 68.75 5.06 

        
5.90 
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Appendix F  -  Result of the questionnaire for the 
evaluation movement and the results of the 
application on the three metrics 

  Physiotherapist Evaluation Kinect Evaluation 

N° hip spine knee entire 
Hip 
(cm) 

Spine 
(cm) 

knee 
(°) FinalPercent 

1 5 5 5 5 0.4 1.1 8 8 

2 3 7 5 4 0.4 2.8 5 10 

3 6 6 3 4 0.4 0.8 10 9 
4 5 5 3 4 0.0 3.3 8 9 

5 7 7 7 7 0.7 0.8 25 17 

6 4 5 3 4 0.1 4.0 7 11 

7 5 7 5 5 1.8 1.8 4 20 
8 6 4 6 5 0.9 1.8 0 11 

9 3 5 3 3 0.1 4.0 6 11 

10 4 4 4 4 1.1 0.6 6 13 

11 5 5 5 5 0.1 0.6 2 2 
12 5 5 5 5 0.4 0.3 9 8 

13 3 3 5 3 1.7 0.7 16 22 

14 6 5 6 6 0.8 0.4 error no evaluation 

15 \ \ \ \ 2.5 3.4 1 27 
16 \ \ \ \ 2.3 2.3 1 23 

17 7 7 6 6 0.4 0.5 1 5 

18 7 7 7 7 1.2 1.4 7 15 

19 6 4 6 5 1.7 5.2 0 24 
20 7 7 7 7 0.9 2.0 7 14 

21 6 7 5 6 1.0 1.3 6 13 

22 5 7 6 6 0.1 1.9 5 6 

23 4 3 5 4 2.2 0.7 3 21 
24 \ \ \ \ 0.2 0.1 17 9 

25 7 5 6 6 0.3 1.8 3 8 

26 \ \ \ \ 0.9 2.8 17 19 

27 5 5 6 6 0.1 0.3 2 2 
28 2 2 2 2 0.5 2.2 6 10 

29 \ \ \ \ 0.5 1.5 18 14 

30 3 3 2 2 0.0 2.3 2 5 

31 6 6 4 4 1.7 3.2 3 21 
32 4 6 3 4 1.2 2.9 1 16 

33 5 4 4 4 1.2 2.2 3 15 
 

The grey lines in this table represent the judgment on the general movement by 
physiotherapist which correspond to the wrong movement. So in the scale from 7 to 1, the 
value 1. 
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Appendix G  -  Knee evaluation between judgment 
number of the physiotherapist and the number 
evaluation of the application 

 
KNEE 

N° 7 6 5 4 3 2 1 

1     8.1         

2     5.1         

3         10.2     

4         7.9     

5 24.9             

6         6.7     

7     3.6         

8   0.1           

9         5.8     

10       6.3       

11     2.1         

12     9.2         

13     16.4         

14   error           

15   1.5           

16 6.7             

17   0.4           

18 6.7             

19     5.9         

20   5.0           

21     2.7         

22   3.5           

23   1.9           

24           5.8   

25           2.0   

26       2.7       

27         1.3     

28       3.2       

Average 12.8 2.1 6.6 4.1 6.4 3.9   
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Appendix H  -  Hip evaluation between judgment 
number of the physiotherapist and the number 
evaluation of the application 

 
HIP 

N° 7 6 5 4 3 2 1 

1     0.40         

2         0.38     

3   0.43           

4     0.00         

5 0.71             

6       0.12       

7     1.80         

8   0.87           

9         0.13     

10       1.10       

11     0.06         

12     0.44         

13         1.72     

14   0.80           

15 0.39             

16 1.20             

17   1.68           

18 0.89             

19   1.04           

20     0.06         

21       2.23       

22 0.33             

23     0.11         

24           0.48   

25         0.02     

26   1.69           

27       1.19       

28     1.17         

Average 0.71 1.09 0.51 1.16 0.56 0.48   
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Appendix I  -  Spine evaluation between judgment 
number of the physiotherapist and the number 
evaluation of the application 

 
SPINE 

N° 7 6 5 4 3 2 1 

1     1.05         

2 2.81             

3   0.78           

4     3.29         

5 0.85             

6     4.04         

7 1.78             

8       1.76       

9     3.95         

10       0.63       

11     0.58         

12     0.33         

13         0.66     

14     0.38         

15 0.53             

16 1.45             

17       5.20       

18 2.03             

19 1.26             

20 1.93             

21         0.72     

22     1.85         

23     0.32         

24           2.22   

25         2.27     

26   3.18           

27   2.93           

28       2.16       

Average 1.58 2.30 1.75 2.44 1.22 2.22   
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Appendix J  -  Ethical Consideration 
Researchers and students at the University of Skövde are examining how computer games 
are used in different situations. In this particular experiment, we are conducting a study in 
how computer games can be used as an aid in rehabilitation training. The project is 
conducted in cooperation with Skövde rehab center and participation is voluntary. We kindly 
ask you to contribute in this study.  

If you participate, we will collect information through gaming sessions, interviews and 
questionnaires. The eventual information we collect will be used by the research team for 
research purposes only. The published results will be anonymous and no information can be 
traced back to a single individual. 

Principal Investigator, Per Backlund, University of Skövde. 

I agree that the information is used as described above. 

 

Skövde 2012-____ - ____ 

________________________ 

Namnteckning   

________________________  

Namnförtydligande  


