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Abstract. The paper describes an on-going research aimed at creating the low 
cost virtual reality based system for physical rehabilitation of upper limb. The 
system is designed to assist in rehabilitation involving various kinds of limb 
movement, including precise hand movements and movement of the whole ex-
tremity. It can be used at patient’s home as a telerehabilitation device. It was 
decided to use the system with a motion tracking (Razer Hydra) and two  
alternative display devices: head mounted displays (Sony HMZ-T1) and a LCD 
display with stereovision glasses (nVidia 3DVision). The custom software was 
developed to create the virtual reality environment and perform rehabilitation 
exercises. Three sample rehabilitation games were created to perform assess-
ment of the rehabilitation system. In the preliminary research the usability of 
the system was assessed by one patient. He was able to use the system for reha-
bilitation exercises, however some problems with Sony HMZ-T1 usability were 
spotted. During the next stages of the research extended assessment of the  
system’s usability and assessment of system’s efficiency are planned. 
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1 Introduction 

The efficiency of physical rehabilitation is closely related to the intensity of rehabili-
tation exercises [1]. Various researches (e.g. [2, 3]), however, indicate that there is a 
large group of patients who fail to perform their exercises regularly or completely 
discontinue the rehabilitation process. It becomes especially noticeable when consi-
dering patients discharged from hospital. According to some estimates, this problem 
affects as many as 60-80% of such patients. 10% of such patients completely discon-
tinue therapy. One of the main reasons for this fact is insufficient motivation of pa-
tients [4]. Motivation is indicated as a factor of high significance for the efficiency of 
rehabilitation [5]. The virtual reality (VR) based system seems to be a good solution 
for the physical therapy [6]. Patient’s immersion in the virtual environment allows to 
shape the rehabilitation program in the form of a computer game (e.g. [7 - 9]). Attrac-
tive form combined with a competition (scoring, moving to a higher level of difficul-
ty) results in focusing patient’s attention on the performed task instead of upper limb 
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impairments. What is more, the virtual reality system can be successfully used for 
home-based rehabilitation (e.g. [10, 11]). With the internet connection the rehabilita-
tion progress can be remotely monitored by a therapist. 

The paper describes an on-going research aimed at creating the low cost virtual  
reality based system for physical rehabilitation of upper limb. Its goal is to create a 
system which would: 

• assist in rehabilitation involving various kinds of limb movements, including  
precise hand movements and movement of the whole extremity, 

• have an attractive form of a computer game using virtual reality for user interac-
tion, which should result in increase of patients’ motivation thus influencing the 
rehabilitation efficiency, 

• be build using inexpensive, off-the-shelf components to assure the lowest possible 
price, 

• be designed to work at patient’s home as a telerehabilitation system providing con-
tact with a therapist and enabling remote monitoring of the rehabilitation progress. 

2 Methods 

2.1 Overview 

For the purpose of the physical rehabilitation it was decided to use the system with a 
motion tracking and two alternative display devices: head mounted displays (HMD) 
and a LCD display with stereovision glasses. The motion tracking system is used to 
record movements of patient’s upper limb and to allow interaction with virtual envi-
ronment. Both display devices are used to visualize the virtual environment and  
provide stereoscopic vision. 

2.2 Hardware 

The most important component of the rehabilitation system is the motion tracking 
system. It allows to record patient’s movement during rehabilitation exercises. It is 
also the main instrument of user interaction. A lot of different devices can be used for 
this task, depending on desired price, accuracy and range of movement. On the one 
hand there are a lot of VR dedicated “professional” motion tracking devices, on the 
other there is a fast growing group of game controllers. Among different  VR dedicat-
ed equipment one can find systems with a very good performance, tailored to  
the needs of rehabilitation [12]. However, this equipment is usually expensive. On the 
other hand, over the past few years a few interesting game controllers appeared on the 
market. These devices are powerful enough for many serious tasks, though sometimes 
with limited functionality and offering worse performance than the “professional”  
equipment. Considering low price and good availability, the game controllers seem 
ideal for the low-cost home-based rehabilitation system. One of the most interesting 
devices in this category is Microsoft Kinect controller. As a markerless optical  
tracking system it is relatively easy to use, providing tracking of the full body motion. 
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It can be successfully used in various aspects of the physical rehabilitation [13, 14]. 
Its accuracy is however too limited for rehabilitation exercises involving precise hand 
movements. At the same time, Kinect requires around 5 meters of empty room for 
proper tracking of the whole body. When considering home-based rehabilitation this 
is a potential problem. Another game controller often considered as a tracking device 
for the physical rehabilitation is Nintendo Wii Remote controller (Wiimote) [15, 16]. 
It is a wireless, inertial device with limited capabilities of optical system. It can pro-
vide only limited information on rotation and position of sensor, thus it is not directly 
suited to track spatial movements of upper limb. 

In the described research it was decided  to use a Razer Hydra game controller as a 
motion tracking device (Fig. 1). It is an inexpensive magnetic tracking system with 
central antenna and two corded pads. The system can track 6 DOF movement of each 
pad. The pads are also equipped with 7 buttons and a joystick. The controller is con-
nected to a computer via the USB interface. Power is also provided by this interface, 
so no additional power supply is needed. The Hydra controller has some big advan-
tages over other inexpensive tracking system. As a magnetic system it provides direct 
6 DOF recording of sensor movements. This is not directly possible in case of inertial 
controllers, such as a Wiimote and is much more problematic in case of a Kinect con-
troller. The Hydra controller also offers better accuracy than the Kinect and is free of 
problems with skeleton recognition when limbs are close to human body. It also re-
quires less space for proper operation than the Kinect. There are also drawbacks of the 
Hydra controller. Its useful range is limited to around 1.2 m around the central anten-
na. However, if the central antenna is placed on the table top, it covers the whole 
range of upper limb movement of a person who is standing or sitting nearby. Another 
problem is that the controller is equipped with only two sensors and this number  
cannot be increased. 

 

Fig. 1. The Razer Hydra game controller – central antenna and two game pads 

For the rehabilitation purposes it is important to track position of one segment of 
upper limb in relation to another segment, depending on performed exercise. For 
these purposes two sensors of the controller are fixed to selected body segments using 
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rubber straps. This allows to track the positions of upper limb segments in relation to 
one another, depending on the exercise performed.  

As a visual interface two options have been chosen: HMD and computer or TV 
display. HMD provides stereoscopic view of the virtual environment, facilitates the 
ability to perceive the distance. This is particularly desirable when considering spatial 
rehabilitation movements [11, 17]. Combining HMD with motion tracking also en-
hances the level of immersion in the virtual environment, making the simulation even 
more attractive. Sony HMZ-T1 equipment has been chosen. After consultation with 
therapists it was decided to apply an alternative visual interface: display with stereos-
copic glasses (nVidia 3DVision). This solution also facilitates stereoscopic vision, 
however immersion level is much lower. This solution is suitable for situations where 
wearing the HMD may be difficult, or when the budget designated for the system is 
lower.  

2.3 Software 

For the purpose of rehabilitation the custom software was created. This ensures that 
the system is well tailored to the needs. The software was created on the basis of open 
source libraries, minimizing the total cost of the system. 

Following software was used: 

• Ogre 3D graphic engine for visualization of the virtual environment 
• Bullet Physics engine for physics simulation 
• OpenAL providing sounds 
• Python scripting language to set custom game parameters 

The communication between therapist and patient Skype software is used. 
The system provides a module for preparing the rehabilitation program, thus  

allowing the therapist to choose a rehabilitation game and set such parameters as the 
desired range of movement and exercise duration. All important data describing  
performed exercises and the rehabilitation progress are stored and may be accessed 
remotely through the internet. 

3 The Study 

The virtual reality system for rehabilitation of upper limb will be assessed by five 
therapists and three patients. For this purpose three sample rehabilitation games have 
been created. The goal of the first game is performing wide range movements of the 
whole upper limb. Patient’s task is to reach small objects (apples, pears and other 
fruits) appearing in various places of the reach area. Their placement forces patient to 
perform specified exercises. The goal of the second game is to perform prona-
tion/supination movements. Movement of patients hand is represented as movement 
of a fish (manta ray) swimming between various obstacles (Fig. 2). To avoid  
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collisions with these obstacles patient must perform specified movements, in particu-
lar pronation/supination rotation. The goal of the third game is to perform precise  
movements of hand in various places of the reach area. In the game patient holds a 
key in the hand. Small boxes with a key hole appears in various points of the reach 
area. Patient’s task is to insert the key in each key hole and perform rotation to unlock 
the box. All parameters of each game, such as the desired speed and placement of 
obstacles or other important objects, are predefined by a therapist. 
 

 

Fig. 2. Person playing the second game during system tests 

These three games are suitable for rehabilitation for the following diseases: 

• painful shoulder syndrome, 
• radial fracture, 
• olecranon fracture. 

For all of these diseases at least two of the three games will be used.  

4 Preliminary Results 

In the preliminary phase of the research one patient (with painful shoulder syndrome) 
was asked to play all three games and assess system usability. Three variants of the 
system setup were used: 

1. stereoscopic setup with HMD, 
2. stereoscopic setup with LCD screen and 3DVision glasses, 
3. LCD screen without stereoscopic features. 
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Fig. 3. The Razer Hydra setup prepared for the preliminary research 

In all three cases Razer Hydra tracking system was used. As said before, this system 
is equipped with only two sensors. In the research central antenna was placed on pa-
tient’s back using rubber strap (Fig. 3). This way it was possible to track movements 
of upper limb and HMD in the same time. One of sensors was held in patient’s hand, 
second sensor was attached to the HMD (Fig 4). In the future, if HMD is not used 
second sensor may be attached to patient’s arm for more precise results. Parameters of 
all three games were set by a therapist. The patient spent a few minutes playing each 
game in all three setups. Than he was asked to comment on usability. 
 

 

Fig. 4. The Razer Hydra sensor attached to the HMZ-T1 HMD 

Results of the preliminary research were as follows. The patient was able to play 
all three games in all system setups. However, he complained about the Sony HMZ-
T1 HMD. He had problems with wearing it and with its correct adjustment. This task 
requires the use of both hands, which may be difficult or even impossible in case of 
patients with upper limb impairment. In this case assistance of another person may be 
needed. The patient also said, that the HMD was not comfortable to wear and he had 
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problems with achieving stereovision. Both these problems may be caused by impro-
per adjustment of the device. The third variant of the setup provides no stereoscopic 
vision, thus depth assessment is very limited. As a result, in some cases the patient 
had problems when trying to reach a desired point in space. In both stereoscopic se-
tups these problems were less noticeable. The patient was asked to rank all three va-
riants of the setup in terms of usability. He gave the highest score to the variant with 
no stereovision, the lowest to the variant with HMD. However, as he said, difference 
in scoring between both LCD-based variants is minimal.  

5 Conclusion 

Advanced virtual reality technology was used to create an upper limbs’ rehabilitation 
system. Placing the rehabilitation process in the virtual environment and shaping it in 
the form of a computer game is supposed to have a positive effect on patients’ moti-
vation, thus influencing the rehabilitation efficiency.  

In the preliminary phase of the research, system usability was assessed. As a result 
there was some controversy on using the HMD device, however it was decided to 
consider all three variants in the further research. During the next stage of the study, 
the system will be assessed by three patients. They will use the system for few days, 
checking it’s usability and possibility to perform rehabilitation exercises. Results of 
this research will allow to prepare the system for the trial aimed to assess its efficien-
cy, which is planned for the future. 
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