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Abstract. The developed system is the first prototype of a virtual interface de-
signed to avoid contact with the computer so that the surgeon is able to visual-
ize models of the patient’s organs more effectively during surgical procedure. 
In particular, the surgeon will be able to rotate, to translate and to zoom in on 
3D models of the patient’s organs simply by moving his finger in free space; in 
addition, it is possible to choose to visualize all of the organs or only some of 
them. All of the interactions with the models happen in real-time using the vir-
tual interface which appears as a touch-screen suspended in free space in a posi-
tion chosen by the user when the application is started up. Finger movements 
are detected by means of an optical tracking system and are used to simulate 
touch with the interface and to interact by pressing the buttons present on the 
virtual screen. 
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1   Introduction 

The visualization of 3D models of the patient’s body emerges as a priority in surgery 
both in pre-operative planning and during surgical procedures. 

Current input devices tether the user to the system by restrictive cabling or gloves. 
The use of a computer in the operating room requires the introduction of new mo-

dalities of interaction designed in order to replace the standard ones and to enable a 
non-contact doctor-computer interaction. 

Gesture tracking systems provide a natural and intuitive means of interacting with 
the environment in an equipment-free and non-intrusive manner. Greater flexibility of 
action is provided since no wired components or markers need to be introduced into 
the system. 

In this work we present a new interface, based on the use of an optical tracking 
system, which interprets the user’s gestures in real-time for the navigation and ma-
nipulation of 3D models of the human body. 

The tracked movements of the finger provide a more natural and less-restrictive 
way of manipulating 3D models created using patient’s medical images. 

Various gesture-based interfaces have been developed; some of these are used in 
medical applications. 
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Grätzel et al. [1] presented a non-contact mouse for surgeon-computer interaction 
in order to replace standard computer mouse functions with hand gestures. 

Wachs et al. [2] presented ”Gestix”, a vision-based hand gesture capture and rec-
ognition system for navigation and manipulation of images in an electronic medical 
record database. 

GoMonkey [3] is an interactive, real time gesture-based control system for pro-
jected output that combines conventional PC hardware with a pair of stereo tracking 
cameras, gesture recognition software and customized content management system. 

O’Hagan and Zelinsky [4] presented a prototype interface based on tracking sys-
tem where a finger is used as a pointing and selection device. The focus of the discus-
sion is how the system can be made to perform robustly in real-time. 

O’Hagan et al. [5] implemented a gesture interface for navigation and object ma-
nipulation in the virtual environment. 

2   Technologies Used 

In the developed system we have utilized OpenSceneGraph for the construction of the 
graphic environment and 3D Slicer for building the 3D models starting from the real 
patient’s medical images. 

OpenSceneGraph [6] is an open source high performance 3D graphics toolkit used 
by application developers in fields such as visual simulation, computer games, virtual 
reality, scientific visualization and modeling. The toolkit is a C++ library and is avail-
able on multiple platforms including Windows, Linux, IRIX and Solaris.  

3D Slicer [7] is a multi-platform open-source software package for visualization 
and image analysis, aimed at computer scientists and clinical researchers.  

The platform provides functionality for segmentation, registration and three-
dimensional visualization of multi-modal image data, as well as advanced image 
analysis algorithms for diffusion tensor imaging, functional magnetic resonance imag-
ing and image-guided therapy.  

Standard image file formats are supported, and the application integrates interface 
capabilities with biomedical research software and image informatics frameworks. 

The optical tracking system used in this application is the Polaris Vicra of the NDI. 
The Polaris Vicra is an optical system that tracks both active and passive markers and 
provides precise, real-time spatial measurements of the location and orientation of an 
object or tool within a defined coordinate system.  

The system tracks wired active tools with infra-red light-emitting diodes and wire-
less passive tools with passive reflective spheres. With passive and active markers, 
the position sensor receives light from marker reflections and marker emissions, re-
spectively.  

The Polaris Vicra uses a position sensor to detect infrared-emitting or retro-
reflective markers affixed to a tool or object; based on the information received from 
the markers, the position sensor is able to determine position and orientation of tools 
within a specific measurement volume. 

In this way each movement of the marker, or marker geometry, attached to the spe-
cific tool in the real environment is replicated in the corresponding virtual environ-
ment. The markers outside of the measurement volume are not detected. 
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The system is able to track up to 6 tools (maximum 1 active wireless) with a 
maximum of 32 passive markers in view and the maximum update rate is 20 Hz.  

The systems can be used in a variety of surgical applications, delivering accurate, 
flexible, and reliable measurement solutions that are easily customized for specific 
applications. 

3   The Developed Application 

The developed system is the first prototype of a virtual interface designed to avoid 
contact with the computer so that the surgeon can visualize models of the patient’s 
organs more effectively during the surgical procedure.  

A 3D model of the abdominal area, reconstructed from CT images, is shown in Fig-
ure 1. The patient suffers from a pathology in the liver which causes notable swelling. 

 

Fig. 1. A 3D model reconstructed from CT images 

In order to build the 3D model from the CT images some segmentation and classi-
fication algorithms were utilized.  

The Fast Marching algorithm was used for the image segmentation; some fiducial 
points were chosen in the interest area and used in the growing phase. After a first 
semi-automatic segmentation, a manual segmentation was carried out. 

All of the interactions with the models happen in real-time using the virtual inter-
face which appears as a touch-screen suspended in free space in a position chosen by 
the user when the application is started up. 
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When starting the user has to define a space area where the interface is located and 
to decide on the positions of the four vertexes of the virtual screen. In this way a ref-
erence system is also defined; this is necessary to fix the interaction plane. 

In front of this region the marker is moved around and, in order to choose the dif-
ferent interaction modalities and the organs to be visualized, you press the virtual 
buttons which are present on the interface. 

In addition a scaling operation is carried out in order to adapt the size of the virtual 
interface to the real screen of the computer. 

Finger movements are detected by means of an optical tracking system and are 
used to simulate touch with the interface where some buttons are located. 

In figure 2 the interaction with the user interface by means of the tracking system 
is shown. 

 

Fig. 2. The interaction with the virtual user interface 

The interaction with the virtual screen happens by pressing these buttons, which 
make it possible to visualize the different organs present in the built 3D model (but-
tons on the right) and to choose the possible operations allowed on the selected model 
(buttons on the left).  

For this reason, when using this graphical interface, the surgeon is able to rotate, to 
translate and to zoom in on the 3D models of the patient’s organs simply by moving 
his finger in free space; in addition, he can select the visualization of all of the organs 
or only some of them. 

At the bottom of the screen the interaction modality chosen is visualized and in the 
top left-hand corner the cursor position is shown in the defined reference system. 

In figure 3 is shows the virtual user interface. 
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Fig. 3. The virtual user interface 

To build the virtual scene a scene graph has been used and 2D and 3D environ-
ments are included. The 2D environment allows the cursor, some text and the buttons 
to be visualized, updating the active interaction modality and the cursor position. The 
3D environment allows the model of the organs to be visualized and provides the 
interaction operations. 

The lighting conditions are important and can cause problems because some exter-
nal light could be interpreted as other IR reflectors with the creation of false cursors in 
the scene. 

4   Conclusions and Future Work 

The described application is the first prototype of a virtual interface which provides a 
very simple form of interaction for navigation and manipulation of 3D virtual models 
of the human body.  

The virtual interface created provides an interaction modality with models of the 
human body, a modality which is similar to the traditional one which uses a touch 
screen, but in this interface there is no contact with the screen and the user’s finger 
moves through open space.  

By means of an optical tracking system, the position of the finger tip, where an IR 
reflector is located, is detected and utilized first to define the four vertexes of the 
virtual interface and then to manage the interaction with this. 

The optical tracker is already in use in computer aided systems and, for this reason, 
the developed interface can easily be integrated in the operation room.  

Taking into account a possible use of the optical tracker in the operating room dur-
ing surgical procedures, the problem of possible undesired interferences due to the 
detection of false markers (phantom markers) will be evaluated. 
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The introduction of other functionalities of interaction with the models is in pro-
gress, after further investigation and consideration of surgeons’ requirements. 

Another improvement could be to provide the visualization of CT images in addi-
tion to the 3D models and give surgeons the opportunity of navigating into the set of 
CT slices. In this way surgeons are provided with the traditional visualization modal-
ity as well as the new one and are able to compare them. 
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