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SUMMARY 
The purpose of this study was to perform material selection 
for markers of an MRI-compatible robot. This robot (figure1) 
is designed to take tissue samples in an image guided process. 
Since this robot is made of MRI compatible material, 
manipulator arms are not detectable in images. In this study 
this statement has been broken into two parts. At the first part, 
the material selection was considered; and at the second one 
processing of images was taken into account. 
 
 
INTRODUCTION 
Doing surgeries using image guided techniques has been 
receiving noticeable considerations since the current decade 
began. This attention is due to the fact that, using these 
techniques the accuracy of operations is enhanced and also 
more importantly, minimum invasion to tissue is acquired. 
One of the first surgeries in which an image guided technique 
has been taken into consideration was stereotaxic surgery[1]. 
In this operation in order to collect samples from brain tumors, 
pre-operative imaging was utilized. In most of these 
operations, pre-operative and intra-operative images registered 
by using markers. Another usage for markers appears in image 
guided surgeries which are performed using robots. In these 
types of surgeries the arms of manipulator have to be tracked. 
Therefore, markers are attached to these arms and instead of 
capturing the whole arm markers are tracked. Since in image 
guided surgeries in which images are prepared using MRI, the 
only objects which are detectable are markers, these objects 
have to be defined wisely. The markers which are used in 
image guided surgeries, depending on their specific 
application and accuracy are diverse. If high accuracy is not 
the issue, a landmark on human face can be considered as a 
marker too. However, in cases which high accuracy is desired, 
fiducial markers are preferred.  
The purpose of this study was to perform material selection 
for markers of an MRI compatible robot. This Robot[2] called 
MC-Robot is depicted in (Figure1), Not to mention the fact 
that the proposed robot is patient mounted and actually 
designed to capture tissue samples and input them in an image 
guided process. Since this robot is made of MRI compatible 
material such as poly amid, manipulator arms are not 
detectable in images. So, attaching detectable markers to the 
arms, the position and orientation of arms are obtained. In this 
study this statement has been broken into two parts. At the 
first part, the material selection was considered; and at the 
second one processing of images was taken into account.  

 

 
Figure 1:MC-Robot; left: real first version of robot, right top: 

model of robot mounted on patient body, right bottom: 
schematic model of robot 

 
 
METHODS 
As a matter of fact, in order to choose a material to use as a 
marker, the contrast of material, the artifact that is made by 
existence of the markers in MRI scanner environment, bio-
compatibility and availability of them had better be 
considered. Four materials liquid paraffin, nitroglycerin and 
silicon oil have investigated and tested to find the best one.  
Nitroglycerin was selected because of its good contrast. As 
can be seen in (figure 2), these materials cause no noise or 
artifact in MRI environment. 
 
 

 
Figure 2: markers in an image to compare their contrast, 

respectively from top: liquid paraffin, nitroglycerin, silicon 
oil. 

 
 



 For processing the images, image processing Toolbox of 
MATLAB [4] was used. Firstly, based on a threshold the 
image was converted to a binary one. For choosing the 
threshold conflicting alternatives were available. For reducing 
background noises this parameter had to be chosen high 
enough; on the other hand, to capture different sections of 
markers a high threshold would cause some difficulties in 
detection process. Compromising between these two 
alternatives, the threshold was selected as 0.2. The result of 
this part of processing was a binary image which was 
comprised of markers and slices of different parts of human 
body. Since detection of markers was the objective of these 
processes, all objects in an image except markers were 
considered as noises. To distinguish between markers and 
these noises two factors were considered: circular shape of 
markers in each slice and the size of these circles. The image 
of abdominal area was ignored easily. This object is the largest 
one and even if it has a circular shape, comparing the size of 
the object with accepted size of markers this object was 
identified as a noise. 
 
 
RESULTS AND DISCUSSION 
Marker detection process for an instance picture has illustrated 
in (Figure3). The first picture is a raw image without any 
processes. In the second one, the raw image has been 
converted to a binary image. In this conversion, as explained, 
a threshold value has been selected as 0.2. At the third level, 
objects which in comparison with markers are small enough 
are removed. And eventually, the largest item, i.e. the 
abdominal area, is filled. At the final stage, only three objects 
are detected in the image. One of these objects is noise and the 
other two are markers. Using the size or shape factor the 
markers are found easily.  After finding the location of 
markers with respect to image coordinate system, using a 
transformation matrix these positions were converted to 
patient coordinate system[3]. 
Since the markers are spherical, in each slice regardless of the 
orientation of capturing the image of the markers are circular. 
Because at the processing section, one of the factors that has 
been considered for distinguishing markers from noises was 
shape of objects, this issue has a critical role. 

 
Figure 3: results of process on the marker images, step by 
step; top left: original MR image, top right: binary image, 
bottom left deleting small objects, bottom right: filling the 

holes. 
 
 
CONCLUSIONS 
3D position of markers has been found in image coordinate 
system and patient coordinate system. For more accuracy in 
position registration, using of smaller size spheres would be 
recommended. 
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