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Development of Virtual Hardware-based
Registration System for Medical Image with the

Reference Marker*

Michiaki Iwata

Abstract

Recently, several medical imaging technologies are available to observe inside
human body in different aspects. Combining these images provides more infor-
mation for diagnosis, and has large clinical impact. Generally, image registration
technique is required to align multiple medical images.

One popular approach for image registration is to use reference points for each
image and to coregister images regarding to aligning the reference points. One
disadvantage of this approach is localization of the reference points. Another
popular approach is to use statistical information of two images to optimize the
location of two images. This approach, however, has dependencies of image qual-
ity for optimization. The other approach is to use hybrid image scanners such
as PET/CT and SPECT/CT. However, these hybrid scanners are expensive and

not fully available.

The purpose of this study is to develop a virtual hardware-based registration
system that can automatically fuse images from several medical imaging devices

installed in the different place.

*Doctoral Dissertation, Department of Bioinformatics and Genomics, Graduate School of In-
formation Science, Nara Institute of Science and Technology, NAIST-IS-DD0761005, February
4, 2010.
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This system consists of an optical tracking device and reference marker attached
on the gantry of each imaging device. Under assumption of rigid body, the
patient’s position and location are determined by the marker on the patient and
the optical tracking device with the reference marker, and image registration
is carried out by registering the image in common coordinate defined by the
reference marker. Such a system is theoretically well known, but there is no

precedent for the system for practical use.

In this thesis, I describe the design, the implementation and the evaluation of
the present system. This system calibrates the gantry coordinate system and the
reference marker coordinate system by a specially designed calibration jig. This
system alines two images with mapping provided by a calculation. I prepared
USB cameras and the jig made in carbon to make it possible to measure in the
MRI room. The position of each marker was decided by DLT(Direct Linear
Translation) method with two cameras. I also developed a jig for measurements
for a probe with the ultrasound imaging.

Finally, I evaluated of fusion of a PET image and the MRI image and fusion
of a PET image and the ultrasound image to evaluate this system. As a re-
sult, RMS(Root Mean Square) error of fusion of PET image and MRI image was
6.4mm, RMS error of fusion of PET image and ultrasound image was 2.6mm.
These results confirm the feasibility of the system, and it suggests the virtual
hardware-based registration system can be useful for multimodal image registra-

tions in clinical use.

Keywords:

Medical Image, Multi-modality, Virtual Hardware-based Registration, PET-MRI,
PET-US
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2.3.3 Hardware-based Registration
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