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Abstract
This paper represents the design of 3D endoscopic video system in order to improve visualization and enhance the ability of
the surgeon fo perform delicate endoscopic surgery. Minimally invasive fechniques have set new standards in all surgical
disciplines, as patients may experience less post-uperative discomfort, shorter hospitalization, and quicker recuperation, Finally,
the aim of the present study was to determine the influence of 2D and 3D video imaging on defined tasks on a laparoscopic

trainer,
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Figure 1. Schematic organization of a complete endoscopic system
allowing report generation and image handling

Introduction

Three-dimensional video systems have been
recenfly developed which significantly improve
visualization during minimally invasive surgical
procedures. The objective  of this study was to
compare the established 2D, electric shutter-type 3D,
and the prototype 3D endoscopic systems for the
performance of laparoscopic tasks in an animate
situation, The result of experiments shows thal the
polarization-type sterecscopic display system using
TFT-LCD has a wide viewing angle and zone which
Is necessary for multi-view and it has better image
quality and stability of the optical performances than
the electric shutter-type does.

3D Digital Endoscopic System

(1) 3D digital image

In the present study, a newly modified electronic
3D endoscopic system was developed for the real-
time processing of surgical images and surgeons
comments,

Figure 1 shows a schematic organization of a
complete endoscopic system. An computerized
endoscopic system combines a 3D telescope, 3D
endoscope,

xenon light source, a computer for data and image
handling linked to a magnefo optical disk, a color
video printer, a video cassette recorder, a foot switch,
a pin microphone, and a high resolution TFT-LCD

3D monitor,
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Figure 2, Spatially multiplexed image
from an endoscopic stereo pair

To display a 3D image. an image conforming to the SMI
(Spatially Multiplexed Image) format is used. When an
SMI is displayed, it will appear as full-color 3D image
when viewed with polarized glasses, An SMI encodes the
right and left images of a stereo pair into a single frame to
form a stereo image. The SMI format consists of
alternating horizental lines (rows) for the right and left
images (right, left, right. left, etc.). All of the even lines of
pixels (starting from 0) contain the right image and all of
the odd lines contain the left image, It is used fo form this

SMI from an endescopic stereo pair as shown in Figure 2,

(2) The proposed 3D endoscopic display system

We used two 15 TFT-LCD panels for the Polarization-
type Stereoscopic Display (SM5SG0TFT-3D) system so that
they could display slighfly different images independently
captured by a two-head camera consisting of the left and

right CCD (Charged Couple Device) cameras, A beam
splitter (half-mirror) was designed to transmit the §-
polarized light from the upper LCD for right eye image and
reflect the P-polarized light from the down LCD for left
eye image to viewers as shown in Figure 3,

The P and S light from two LCD are linearly polarized
and their direction i perpendicular to each other since the
direction of the polarized light from the down LCD is
shifted by 90 after reflection. Through the polarizing
glasses, and then, whose polarization directions are same as
P and 5, respectively, the right eye sees only the right eve
image and the left eye sees the only the left eve image
simultaneously. Finally, it gives viewers the spatial

information {ie, depth perception),

(3) The Conventional 3D endoscopic video system

The 3D imaging system used was an active shutter
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Figure 3. Configuration of SM500 TFT-3D System

system{3D laparoscopic system, Wolf Co. Ltd, Germa
ny)with a 120 Hz 3D converter, active shutter glasses, and
a 10mm/0 binocular laparoscope, The system was used both
in 20 and 3D mode,

Experimental Methods

Medical student(10 persons] and Laparoscopic
surgeons| 10 persons) performed two defined tasks using 2D,
electric shutter-type 3D, and polarization-type 3D endoscopic
imaging. Student and --Surgeons repeated each task 4
times, The camera holder used for for three type exerceses
for each participant, Using laparoscopic instrument and
trainer(Storz Co. Ltd.), each participant completed the
following two tasks(loop pass and suturing).

For the loop pass task, a 2 cm diameter ring was hung
3 cm above the base of the laparoscopic trainer. The
object(lem % 5Sem wire paper clip) were then passed from

right to left through the ring. For the Suturing task,

Suturing was done with a 8cm long 2.0 silk suture with an
RB-I curved needle,

Results

Table 1 shows the mean time(second) across experience
level by mode of visualization, Each task were compared
for student and surgeons(Fig. 4 and Fig5). The surgeons
were significantly faster in 2D} and 3D than students, Task
2(suturing) was performed an average 15 % faster using
3D display by two groups{p=005),

Discussions

The numeric advantages of 3D imaging will most likely
translate into higher safty and better performance in the
clinical use of laparoscopic procedures, The advantages

might even be more important in procedures with operating
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Figure 4, Task performance of loop passing
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Figure 5. Task performance of suturing

sites of large large spatial depth. The result of experiments
shows that the polarization-type stereoscopic display system
using TFT-LCD has a wide viewing angle and zone which
is necessary for multi-view and it has betier image quality
and stability of the optical performances than the electric
shutter-type does,

In comparison of the polarized and electric shutter-type
stereo monitoring system, both have similar accuracy and
speed for test of knot-tying and loop pass. But the former
is superior in image quality and stability of the

performance, There was no significant difference in task
performance between 2D and 3D among groups performing
simple or difficult tasks, although knot-tying were
performed 15 %(p=005) faster in 3D by all groups.
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