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Abstract— Motion tracking is an important aspect of virtual 

reality. The motion capture systems are the most famous 

interfaces to navigate and interact in 3D virtual worlds. Virtual 

reality is starting to blend into our everyday lives. Thus, the need 

is emerging to integrate the topic into the education. It is needed 

to teach the next generation of engineers how to use this tool. 

The paper introduces a motion capture experimental setup for 

research, development and educational purposes. 
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I. INTRODUCTION

In today's world, technologies of which digital imaging is 

an important part are gaining importance. It spans every 

aspect of life, from health, manufacturing, security, space 

exploration to the entertainment industry. Digital image 

processing is the process of transforming digitally stored 

images into mathematical algorithms to obtain the image 

information we need. 

One of the most important paper on the subject of optical 

motion analysis is an Italian work [1]–[4] which introduces 

the basic human motion analysis tools with stereo-

photogrammetry (multi-sided photographic optical 

recording) recording, with special emphasis on errors, their 

causes and ways to eliminate them. 

II. PROBLEM DESCRIPTION

The subject of this paper is the development of a state-of-

the-art motion capture (MoCap) experimental setup that can 

be used for educational, clinical, academic, and sports 

research purposes. The primary goal is to develop a 

framework that will allow the education of this engineering 

field in informatics and to meet emerging industrial 

development and research needs. The results of the system 

created are easy to use and scalable for future improvements. 

The purpose of the measurements is to record human 

motion and to animate it in virtual reality. Time, angle and 

distance parameters calculated from measurement data can be 

widely used: athletes' techniques and performance can be 

analyzed, developed and scientific research performed. 

Biomechanical studies can be divided into two groups: 

kinematic measurements, which deal with the description and 

analysis of motions, and kinetic measurements, which study 

the forces that create and act on motion. This paper focuses 

on the first area. As technology advances, the requirements 

for motion testing are also increasing. A competitive system 

should enable fast, easy and accurate measurements [5]–[16]. 

Systems operating on an optical (also known as 

stereophotogrammetry) basis consist of two or more cameras 

and computer and software for processing their images that 

coordinate their operation. The basic principle is that the 

marker image, knowing the position and orientation of the 

camera that captures the image, defines a straight line in 

space that connects the camera center to the marker. If a given 

marker is on more than two camera images, two or more such 

lines will be defined that intersect at the spatial position of 

the marker. From the equations of the two lines the required 

coordinates can be calculated [2]. 

Unlike ultrasonic and electromagnetic systems, there are 

non-rigidly mounted sensors (cameras). Their position 

relative to one another and to the coordinate system of the 

measurement shall be determined during a calibration 

procedure. Calibration is usually easy with MoCap software 

and calibration tools. At the end of the process, the software 

gives an instrumental error characteristic of the calibration 

quality. 

The cost of building optical-based systems is high 

compared to other methods, but in return they are highly 

accurate. Using the right amount of camera, one can create a 

measuring volume of any size, even outdoors, which can be 

important when studying for example animal movements. 

Coverage problems can be minimized by proper layout. The 

number of cameras that can be used is determined by the 

MoCap software and the PC hardware running it. There are 

several types of cameras, from which the user can choose the 

one that suits his purpose. Their sampling time, accuracy, 

field of view and angle of view vary from type to type.  

Markers for optical-based motion detection systems do 

not need to be wired as they do not include sensors. The 

disadvantage of this is that the individual markers are 

indistinguishable. This could be done with markers of 

different shapes or sizes, which in turn would significantly 

increase the resource requirement of image processing, slow 

down the process and increase the size of the markers (see 

Fig. 1).  

In order to process the information, it is necessary to 

know to which anatomical point the given data set belongs. 

This mapping can be done in the software, but the program 

can only follow this until the marker is displayed on every 

frame. If the marker is obscured for some reason and is not 

visible through one or more frames, it will reappear as a new 

marker after it has reappeared. As a result, lengthy post-

processing is required after testing: a competent person must 

re-identify the marker at each such break. If three or more 

markers are rigidly connected to each other as rigid bodies, 

the system can automatically identify them based on the 

individual distances between the markers (symmetrical 

layouts should be avoided). These marker assemblies are 

commonly referred to as rigid bodies. From the position of 

the markers on the rigid body, the MoCap system can 

characterize it with one position and one orientation (a single 

marker only with a single position). The rigidbody is larger 
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in size than the single markers and is therefore not capable of 

directly tracking anatomical points. 

Fig. 1: MoCap in movie Ready Player One [17] 

III. SIMULATION ENVIRONMENT

MoCap is the result of the coordinated work of cameras 

and target points. As a first step, a room with a solid color 

background should be provided during the recording, which 

is not essential for digitizing motion, only reducing the error 

factor. The error factor during recording is when the cameras 

cannot see a gesture that causes the skeleton and the moving 

body to fall apart, resulting in an incomplete or distorted 

gesture. This can also be caused by poorly configured 

cameras and the transition of moving body and poor 

background to nearly the same color. This requires manual 

adjustment of the recorded gesture, resulting in multiple 

playback adjustments, tuning, which is time consuming.  

Fig. 2: PS Eye camera [16] 

We used the iPi Recorder software to record the 

animation of our gestures, with a free version of 6 devices 

(camera, microphone, sensor). As a first step we surveyed the 

available cameras on the market, and we found the PS Eye 

cameras as the most cost-effective solution [18]–[20]. Not all 

software is capable of capturing images with these cameras, 

which is the reason of application of this software, which also 

supports most cameras on the market. 

After installation, we connect the cameras, which will 

first take a picture of the empty room. The program thus 

creates the virtual space in which the cameras are located. 

With the application of a moving target point we can define 

the animator's space of movement. We used a flashlight for 

this purpose. The illuminating point was the target point we 

used to draw a cube around us. After processing this, the 

movement area was defined. Here we have the option of 

adjusting the virtual plane to the real plane if the program 

would have incorrectly delimited the space. 

Fig. 3: MoCap room layout [21] 

IV. EXPERIMENTAL SETUP

After the recording space is calibrated, the animator is 

calibrated with the T-pose. After a delayed start of the 

program, the animator picks up the starting position and starts 

recording the desired movements. 

Fig. 4: T-pose 

Recording and virtual processing of video image data 

requires computing capacity on the computer's (VGA) video 

card module. Even a stable, powerful computer had difficulty 

processing data with more than three cameras. Thus 

connecting 6 cameras at the same time to the computer's USB 

ports failed. Subsequently, two computers were used to 

record data, where a master and slave were able to create a 

digitalized motion format using shared synchronized data 

processing. 

Fig. 5: Hardware architecture 
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Camera images are processed separately, and the slave 

sends the finished data to the master which creates a merged 

version of it. We calibrate the skeleton to the animator with 

T-pose and then, if possible, look at the results of the first

movements at a step by step pace while still being able to

adjust the skeleton. We can do this with automatic clean

movements as well. Once you've made sure that the skeleton

picks up the correct points on the animator and its motion is

right for us, then we can start rendering.

Fig. 6: Animated movement 

The resulting animated motion becomes applicable for 

moving any similar skeleton shape. We integrated the image 

to move the body created in a 3D graphics program called 

Autodesk Maya. The resulting animated figure can be placed 

and controlled in a video game or on the virtual reality 

training platform we use. 

Fig. 7: Process workflow 

V. CONCLUSION

The paper addressed the role of MoCap and VR 

technology in education. This paper presents a MoCap tool 

that allows testing and teaching the basic techniques. The 

measurements are based on six PS Eye cameras and the 

softwares iPi Recorder and Autodesk Maya. The purpose of 

our research was to review the area of motion capture 

technology, to research it and to gain a broad understanding 

of its depths, how this technology can be applied in healthcare 

and education. During our research, we built our own MoCap 

studio to digitize the movements and create an animated 

character as an educational process for university students. 

The technology used in the project enabled us to digitize 

high-quality movements. Further research is needed to 

determine the accuracy of the system. 
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