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Abstract. We have developed a new three-dimensional (3D) endoscopic ultra-
sound system (EUS) with convex scanning echoendoscope to diagnose and
navigate by using 3D image. We use an optical tracking system which is shaped
like a ribbon to detect the position of the probe and to monitor the shape of the
scope inside the body. The optical tracking system can measure bends and
twists at each position along with the echoendoscope. Then, the position of the
tip of the echoendoscope is allotted to a 2D image, and the system can recon-
struct and visualize a 3D image in real-time. We have reported results of our
experimental studies using phantom and 3D images of vessels in animal studies.

1 Introduction

3D-EUS system with spiral scanning has been used as one of the diagnostic imaging
modalities in Gastroenterology [1-2]. But it is difficult to use 3D images effectively in
real-time and it is impossible to navigate various therapeutic and diagnostic proce-
dures with EUS [3]. As the technological advances in EUS have expanded its appli-
cations, a new way of diagnosis using the 3D image and navigation system of endo-
scopic puncture would be needed. Thus, we have been developing a new 3D-EUS
system with a convex scanning echoendoscope to perform various procedures with
3D image.

2  Methods

2.1 Instruments
EUS was performed with a convex scanning echoendoscope (FG32UA PENTAX)
equipped with transducers ranging 5 to 7 MHz and a display unit (EUB525
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HITACHI). Gray-scale and color Doppler video image data are fed into a personal
computer (PC) (Precision 420 DELL) equipped with a video capture board (GV-
VCP2M/PCI I0-DATA). To detect the position of the probe inside the body, we used
an optical tracking system (Shapetape Measurand) and electromagnetic tracking sys-
tem (Fastrak Polhemus). Shapetape whose shape was like a ribbon was attached along
with the echoendoscope form controlling head side to the tip of the echoendoscope
(Figure 1). The tip of the ribbon was fixed to the tip of the echoendoscope, and the
ribbon could move smoothly between echoendoscope and surrounding tube. And
Fastrak was fixed to the controlling head side. 3D reconstruction and visualization are
performed with the above-mentioned PC.

Fig. 1. Convex scanning echoendoscope with optical tracking system

2.2 3D Reconstruction and Visualization in Real-Time

In this system, the whole shape and relative position from the controlling head side to
the tip of the echoendoscope are acquired by optical tracking system. The optical
tracking system is composed of an array of fiber optic sensors (Figure 2), and can
measure bends and twists at each position of the ribbon (Figure 3).

To calculate the twist and bend of each position from controlling head side to the
tip, the whole shape of the ribbon is detected. In each position of the optical tracking
system, there are three situations of coordinate systems. One is the original coordinate
system before twist and bend ([)). Next is the coordinate system after rotating twist
(t), (01). Finally there is the coordinate system after rotating twist and bend (b), ([},).
Then the rotation matrix from [, to [, ('R), is defined as follows:
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Fig. 2. Inner structure of the ribbon Fig. 3. The definition of the twist and bend
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In the same way, the rotation matrix from [ to [, , (R,), is defined as follows:
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To use this rotation matrix, positions of each position of the ribbon are calculated.

This rotation matrix calculates the number (n,1 [ N) of twists and bends (‘R,[n]). The
position of the number n from origin of the ribbon (X[n], Y[n], Z[n]) is calculated as
follows:
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In above-mentioned equation, (X, y, z) represented the position of the ribbon in [,
of number n=1. In addition to this relative position acquired by the optical tracking
system, in measuring the original position of the ribbon with the electromagnetic
tracking system can detect the position of the probe in world space coordinate system.
These positions which are calculated are allotted to 2D image, and 3D image is recon-
structed and visualized in real-time. Also, the display of our system can show the 2D
image which is being scanned and the shape of the echoendoscope which is being
monitored by optical tracking system and 3D image. A block diagram of the key
components is shown in Figure 4.

Ultrasound Transducer Posi- Ultrasound Video Signal
tion Sensors Scanner
|| Interface Box of Optical Position signal | — PC
Tracking System Reconstruction
Visualization
Analysis
| Electromagnetic Position signal [ |
Tracking System

Fig. 4. A block diagram of the key components of the system

3 Results

Our system applied to experimental and animal studies. In experimental studies using
a phantom of spherical shape, our system could reconstruct and visualize it in real-
time and to observe the reconstructed 3D image, the shape of it could be confirmed as
a sphere. (Figure 5). And to display the position of the 2D image that is scanning
inside 3D image, the user could observe the 2D image with its surrounding informa-
tion. Since our system can confirmed the updated 3D image as scanning 2D image, in
the case of fail in scanning, the user could scan again speedy. In experimental studies,
the characteristic of the optical tracking system and procedures in scanning were
examined and confirmed. In animal studies, our system could reconstruct and visual-
ize the portal vein of the hepatic hilum of the pig in real-time (Figure 6). In Figure.6,
the upper left sub window shows 2D images which is scanning, and the frame that is
composed of green and red lines show the region of interest (ROI). In Figure.6, the
right window shows 3D image reconstructed by using ROI in 2D image. In Figure.6,
lower left window shows the shape of the echoendoscope constructed by the data
from optical tracking system, and to monitor and display the shape of echoendoscope
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inside body of animal, the operator could recognize the areas which were scanned
intuitively.
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Fig. 6. Display of the system in animal studies. Upper left sub window shows Power Doppler
sonography, and lower left shows the shape of echoendoscope inside body. The right window
shows a real-time 3D image that was reconstructed
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4 Discussion

According to the improvement of various medical imaging modalities, 3D images
have been used in diagnosis and navigation field. In ultrasound, 3D images have been
used in the obstetrics and gynecology field and the navigation system in open surgery
of the liver and so on [4-6]. However in EUS, because of the difficulty in detecting
the position of the probe inside the body, it is difficult to develop a system which
makes good use of 3D images. In this study, our system established a foundation of
3D reconstruction and visualization in real-time using a convex scanning echoendo-
scope, and suggested the possibility of a navigation system of endoscopic punctures.
Now, the problems of our system are ones of accuracy and ways of attaching to the
optical tracking system. These kind of problems will be solved by combining it with
our system and burying the optical fiber structure into the echoendoscope.

In summary, we developed new 3D-EUS system using a convex scanning echoen-
doscope with an optical tracking system. This system can reconstruct and visualize
3D image in real-time and monitor the shape of the echoendoscope inside the body.
Experimental and animal studies demonstrated the technical feasibility of this system.
We believe that further improvement of this system will be able to expand applica-
tions of 3D-EUS.
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