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Abstract 
 

Computer vision techniques for tracking real 
objects, surgical tools, patient’s organs are been 
integrated in the medical scenarios. We present a 
marker-based approach followed by a rigid 
registration to align real and virtual objects. The case 
study is a maxillofacial surgery and the method 
provides virtual and augmented aid to the surgeon 
while s/he is performing the osteotomy task.  
 
 
1. Introduction 
 
   Provide visual and intuitive guidance in the surgical 
scenario has been the focus of many works [1-3]. 
Basically, the main challenges for developing robust 
augmented guidance systems focus on the methods of 
how to perceive the real world and how to register it to 
the virtual world. The real world can be acquired by 
using different methods such as laser scanning, 
infrared scanning, computer vision with and without 
fiducial markers, GPS methods for mobile systems, 
etc. The appropriate method for a specific application 
will depend on the task, desired resolution, and 
performance. We present an approach using optical 
tracking to provide virtual and augmented guidance to 
the surgeon during osteotomies procedures in the field 
of maxillofacial surgery. The system setup (Figure 1) 
consists of a fixed stereo camera, printed markers, 
phantom of mandible and a LCD screen that could be 
eventually replaced by a stereo glasses. We have 
identified five main steps to support such kind of 
application: 1. video capture 2. tracking real objects 
3.calibration and registration to align real and virtual 
objects; 4. guidance visualization and 5. integration 
platform. Each one of these steps will be discussed in 
the next sections. 

  
Figure 1. System setup. Right: stereo camera. Left: 

markers attached to the tracked objects. 
 
2. Acquisition and tracking 
 
   For video capture and optical tracking we are using 
the MicronTracker1 library. The two key functions of 
optical pose trackers are:  identify, specially marked 
objects in the sensor’s field of measurement (FOM); 
and report on the location and orientation of each 
detected object. Both functions need to be performed 
repeatedly at real-time rates (10Hz or faster). The 3-D 
locations of at least 3 targets are needed to calculate 
the object’s pose, i.e., its position and orientation in 
space relative to the camera. We have developed a 
multi-facet marker to increase the detection angle 
range and increase pose measurement accuracy of the 
tracked surgical tool. Once the calibration procedure 
was performed the patient’s mandible tracking is 
possible thanks to the one facet marker attached to it .  
 
3. Calibration and registration procedure 
 
   The calibration procedure is performed just once and 
it comprises the following steps: 1.Select points in the 
3D physical space 2.Apply initial transforms to the 
virtual model and 3.Registration procedure: find the 
correct transform to align the virtual model and the 
selected points. We use the method described in [1] for 

                                                           
1 http://www.clarontech.com/ 



the registration of CT reconstructed mandible model 
with the physical space (i.e mandible phantom). Points 
on the physical surface are acquired using the Micron 
tracker system. The registration transform is the rigid 
transform that minimizes the mean square distance 
between those points and the surface model segmented 
from the CT. The distance to the model surface is 
efficiently computed using a 3D Euclidean distance 
transformation. Convergence properties are 
particularly good, thanks to the use of an exact 
Euclidean distance map, as opposed to the often used 
chamfer metric. Of course, this only converges to a 
local optimum, so one needs an appropriate initial 
transform. In our case, the orientation difference 
between real and virtual model cannot exceed a 30° 

difference. Algorithm validation shows that results are 
precise (4mm) and reproducible (1mm) [1]. 
 
4. Types of guidance visualization 
 
   The osteotomy procedure consists in cutting the 
patient’s mandible during maxillofacial surgery.  The 
correct osteotmy path is calculated by ACROSIM 
simulation module which is part of the HEROL project 
[2]. The virtual guidance provides the 3D of the 
tracked objects visualization in the screen. Changes in 
the color the 3D tool representation indicates the 
guidance.For instance green color means the surgeon is 
touching the good position (Figure 2). The augmented 
guidance provides the projected position of a 3D 
location on the left or right video image. This can be 
used, for example, to provide visual coordinate 
registration accuracy feedback, or to overlay useful 
spatial information, such as predicted or hidden 
locations of interest. In our case we have projected the 
selected points to perform the registration as well as 
the path line to perform the osteostomy. Problems 
related to visualization such as occlusions and depth 
perceptions were minimized by alerting the user with a 
visual feedback when the user is touching the correct 
location. A small sphere indicating the tool tip 
becomes green (Figure 2). 
 

 
Figure 2. Kinds of guidance visualization. Left: 
virtual guidance Right: augmented guidance. 

5. Integration platform  
 
   All discussed procedures are completely integrated 
into Medical Studio Platfrom2. This component-based 
platform provides a rich set of tools for visualization 
and manipulation of 2D and 3D medical data sets by 
using VTK and ITK libraries. The great advantage of 
this integration is that all visualization and 
manipulation facilities can be also applied to the 
virtual/augmented scene providing to the surgeon a 
better understanding of complex and critical surgical 
procedures. Besides that support for segmentation and 
3D reconstruction are also provided. For our study 
case the bones were segmented from the CT dataset 
given the intensity of the bones. It will act the same 
way as thresholding segmentation. 
 
6. Conclusion and on going works 
 
   We have presented the steps involved in the 
development of a guided medical application using 
optical tracking. Two kinds of guidance visualization 
have been developed: virtual and augmented. 
Validation of such interaction techniques during task 
execution is the next step. Segmentation and 
visualization of critical structures (i.e. dental nerve) are 
also planned. Others kinds of feedback such as sounds 
indicating when the surgeon is touching the right 
position could be provided to decrease the perceptive 
discontinuity in changing the attention focus. Another 
potential solution is to add some LED in the real tool 
to avoid changes in the perceptive field.  
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