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Restraint by Connective wire-rope Bj I:l D

Connective wire-rope

Basc-frame

Comncctive-frame

Fig. 1 Wire-connected mechanism for a 1-DOF bending from —90
to 90 degrees. Base-frame and End-frame are connected by an
intermediate Connective-frame and a pair of wire-ropes is crossing
at the center of Connective-frame. These Connective wire- rOpes
work as a mechanical gear between Base-frame and End-frame for
a slip-less, rotation. When End-frame rotates the clockwise,

Connective wire-rope “A” prevents End-frame from slip against
Base-frame. Revérsely when End-frame rotates counter-clockwise,
Connective wire-rope “B” prevents the slip.
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Connective wire-rope
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Fig. 2 Wire-connected linkage-driven bending mechanism. The
two link-bars drives the joint motion. Connective-frame rotates
from —45 to 45 degrees and accordingly, End-frame rotates from
=90 to 90 degrees.
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Fig. 3 . The architecture of 2-DOFs bending mechanism consists of five outer frames and two inner links. The bending directions of the
tip-side bending mechanism and the base-side bending mechanism are perpendicular. Linkage to drive the base-side bending mechanism
consists of two link-bars as shown in Fig. 2. The linkage to drive the tip-side bending mechanism consists of five link-bars including a
two-axes rotational joint. This joint transmits driving force-to the tip-side bending mechanism through the base-side bending mechanism.
Link-bars for the tip-side and the base-side bénding are connected to actuators. In this figure, the connective wire-ropes are not shown.
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Link-rod for
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Fig. 4 Various bending pose of the manipulation. (A): The
tip-side angle is 90 degrees and the base-side angle is 90 degrees.
(B): The tip-side angle is —90 degrees and the base-side angle is 90
degrees. (C): The tip-side angle is 90 degrees and the base-side
angle is —90 degrees. (D): The tip-side angle is —90 degrees and
the base-side angle is —90 degrees. The tip-side bending, is
accompanier with the action of the two-axes rotational joint in
Frame3 between the tip-side and the base-side bending
mechanisms.
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Fig. 5 (A): Connective wire-ropes’ paths in 2-DOFs bending
mechanism. In the tip-side bending mechanism, their path is same
as shown in Fig. 1. The base-side bending mechanism has a little
arranged path with intermediate four guide-pulleys, because the
length “of Frame4 is longer than Frdme2. (B): Detail of the
connective wire-rope paths in the base-side bending mechanism in
Framed.
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Fig. 6 The system configuration of the manipulator consists of five
parts. The robotized tip part includes the bipolar blades and the
2-DOFs bending mechanism. The linear-drive unit thrusts link-bars
by a pair of DC-servomotors, linear sensors, linear guides and slide
screws. The grip-type interface attached on the linear-drive unit has
a joystick and a grip. The computer-based control unit consists a
laptop-computer, some interface-boards, a servo amplifier, a power
supply and an emergency button. The bipolar coagulator is
controlled by foot switch.

Bipolar-blade: Replaceable
x Blade-pulley

\ Electric-cable
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Electrode fixing pin
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Guide-puiley x 3

Bipolar-blade x 2
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Fig. 7 (A): The structure of the bipolar electric scalpel. A pair of
blades and electrodes is replaceable. (B): The bipolar-blades are
driven by a wire-rope. The bipolar-blades are fixed to the
blade-pulleys and the wire-rope is winded around the blade-pulleys
thirough the guide-pulleys. Traction of the wire-rope rotates the two
blade-pulleys.
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Electric-cable

Fig. 8 Appearance of thé end-effector. All of the electric cables
and wire-ropes are built in the Frames.
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Fig. 9 The grip-type interface with a handle and an 8-directional
joystick. Fixed handle for thymb is movable fixed on a gear. When
the handle is closed, the wire-rope for grasp is driven by the gears.
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Fig. 10 Results of the bending characteristic measurements
without loads as a relationship between target bending angle and
the actual bending angle measured by an optical position sensor.
(A): Hysteresis curves in the base-side bending, when the tip-side
bending angle is set to 0, -90 and 90 degrees (N = 5). (B):
Hysteresis curves in the tip-side bending, when the base-side
bending angle is set to 0, ~90 and 90 degrees (N = 5).
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Table 1 Characteristics of 2-DOFs bending motion measured by an optical position sensor (N = 5).

Base-side bending motion:

Tip-side bending angle set to - 0° -90° 90°
B/ending range -71.6 ~82.3° —61.4 ~69.9° —63.7 ~ 68.6°
Bending repeatability error ©04£04° 04+0.3° 1.0+ 0.6°
Tip's part positioning deviation 0.2£0.2 mm 0.2+ 0.2 mm 0.7% 0.4 mm
Hysteresis error less than 8.8° less than 17.4° less than 14.9°

Tip-side bending motion:

Base-side bending angle set to 0° -90° 90°
Bending range —62.9 ~45.9° -51.1 ~48.6° -27.7~36.3°
Bending repeatability error 1.1£0.8° 1.0£0.5° 1.8+ 1.1°

_ Tip's part positioning deviation 0.3+0.2mm 0.4 0.2 mm 0.7+ 0.4 mm
Hysteresis error less than 18.8° less than 32.3° less than 25.7°
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Table 2 Generated force and torque at the manipulator’s tip part
measured by a digital force gauge (N = 10).

Force measured Torque

DOF Dlrgctlon at tip part [N] [Nmm]

Base-sidle 0to+90°  6.61+£035 253.5+13.4
bending 0 to -90° 628+035 240.8+13.7
Tip-side  0to +90° 1.82+£0.04 41.50+0.96
bending 0 to-90° 1.89+0.14  43.19+3.18

29.54 % 1.50
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blade Close 3.70+0.19
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Fig. 11 (A): In ¥ivo experiments scene using a pig (38 Kg, male)
under ‘ pneumoperitoneum for evaliation of sealing mesenteric
blood vessels with 2-DOFs bending motion. A laparoscope, the
manipulator and three forceps are inserted in the abdominal wall
with a general laparoscopic surgical ‘'setting to approach to the
mesenteric tissue near the liver. (B) and (C): Coagulating both
ends of the targeted blood vessel surrounded mesenteric tissue. (D)
and (E): Confirming occlusion of the vessels with cutting middle
part between both coagulated parts by endoscopic shear.
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Fig. 12 (A): Three positions of coagulation (B), (C) and (D) on the
mesenteric tissue. (B): An axial cross section of a vessel which is
on the boundary betwécn the coagulated part and not-coagulated
pan'. (C): A Cross section of a tissue including a vessel shows the
vessel is cpmpletely occluded. (D) A cross section of tissue
including three vessels, which was grasped and coagulated from
the right. At bipolar-blade’s base-side vessel (D)-(1), coagulation
was completed, however at bipolar tip-side vessel (D)-(3),
coagulation was not completed. '
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A Surgical Robot Device for Transurethral Resection of the Prostate in
_ Cancer by Cauterization and Milling Combination:
1 . Preliminary Study on Ablation Ability and Positioning Accuracy
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Japan. . '
, . b Graduate School of Engineering, The University of Tokyo, Toyko, Japan.
Abstract: A surgical roBot device was designed for non-metastasis transurethral resection of the prostate in cancer by repetition of
o minute poagu]ﬁtion and milling, and the design was validated with a developed prototype. The prototype consists of an ablator which
o is a hybrid of an elecirocoagulator and a milling drill, and of a manipulator which position the-ablator in 3DOF in the prostate. The
* “ablator removed out the chicken’ phantom to make-a tunnel-like hole while the milled chips were sufficiently denaturalized. The

manipulator positioned the ablator with sufficieritly high accuracy. These results suggest that, combined with a registration technique,
itis ppsfsible_ to remove the cancerous prpsthtic.tissue as accurately as planned without high risk of metastasis by the designed device.

Key words: Prostatic cancer, transurethral resection of the prostate, metastasis, surgical robot
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Design of a Surgical Robot Device for
Non-Metastasis Mechanical Transurethral Resection of the Prostate
by Repetitive Minute Cauterization and Milling
Kiyoshi Matsumiya®, Satoshi Nishizawa', Ken Masamune’,
Hongen Liac?, Takeyoshi Dohi' .
Graduate School of Information Science and Technology, The University of Tokyo'
Graduate School of Engineering, The University of Tokyo?

1. Introduction

Transurethal resection of the prostate
(TUR-P) is one of the most effective treatment for
benign prostate hyperplasia. TUR-P is a kind of
mechanical resection technique using loop wire
carrying electric current for dissection and it is
possible to ablate only the tissue adjacent to the
cutter selectively without serious damage of the
surrounding healthy tissue. In the therapy for
prostatic cancer, however, conventional TUR-P is
not a therapeutic option because such a technique
with repetitive minute mechanical cutting
involves a high risk of metastasis by scattering of
cancerous tissue. It is considered that reduction of
this risk makes it possible to remove the
cancerous prostatic tissue mechanically and
therefore accurately as in conventional TUR-P,
and moreover without scattering cancer.

In this paper, design of a surgical robot device
for non-metastasis transurethral resection of the
cancerous prostatic by repetitive cauterization and
milling is illustrated. Fundamental specification of
the device is discussed based on the experiments
with a prototype developed.

2. Materials and methods
2.1 Designed procedure and the prototype

In the designed procedure, all the process is
performed by a surgical device, which is inserted
into the urethra and robotically controlled, until
the target tumor is fully ablated. The developed
prototype consists of an ablator and a manipulator
to position it. The ablator is a hybrid of a bipolar
electrocoagulatror and a milling drill. The ablator
is 4mm in diameter and is composed with a
needle-like electrode at the tip, a milling drill
which is also the other electrode, and with two
ducts beside the drill for saline perfusion. The
manipulator has a cylindrical outline and the
maximum diameter of the part which is inserted
into the urethra is 10mm. The manipulator
incorporates the ablator and positions it by 3 DOF
motion: A rotation around the axis, a bending at a

joint, a translation of the ablator.

In the procedure, repetitive tunnel-like
ablations of the prostatic tissue are performed.
The direction of the ablation tunnel is changed by
the rotation and the bending of the manipulator.
The bending angle changes after each tunnel-like
ablation. The bending motion deforms the prostate
to change the direction the ablator travels in
relatively to the urethra near the ablation tunnel.
This mechanism contributes to reduction of the
manipulator diameter because no mechanism to
change the direction is required which has a
complex structure in general. In each tunnel-like
ablation, repetitive minute ablations are
performed. In each minute ablation, the tissue
between the electrodes is electrically coagulated
and subsequently milled into chips by the drill,
while the chips are removed by saline perfusion
through inside the ablator. A translation of the
ablator is performed during the milling up to a
certain step. The tissue is denaturalized by the
electrocoagulation when milled and therefore the
risk of metastasis by scattering of cancerous tissue
is expected to be reduced.

2.2 Validation

In order to validate the device design, the
ablator and the manipulator of the developed
prototype were validated.

In order to validate the ability of the ablator
for resection the cancerous tissues without leaving
them natured, a tunnel-like ablation of chicken
muscle phantom was done by a cyclic process
decided on the basis of preliminary tests. The
cycle of 2 steps as follows started while the
ablator tip was at the phantom surface, and was
repeated until the tip reached the depth of 16mm:
(Step 1) Cauterization for 60s at 25W with drops
of saline, and (Step 2) milling at 1200rpm
simultaneously translating the ablator up to 4mm
at 2.5mm/s, and aspirating the milled chips. After
the ablation the tunnel was dissected along the
long axis and examined by eye observation.



In order to validate the positioning accuracy of
the manipulator, positioning error in motion along
each of the 3 DOF was independently measured.
In the measurement the manipulator moved along
each DOF by a step of 10deg in the rotation, Sdeg
in the bending, and 5Smm in the translation, from a
reference position to one end of the range, to the
other and finally back to the reference position.
This motion pattern was repeated 3 to 5 times.
The error was acquired at each stop by subtraction
of the position of a fiducial point on the device
measured by a digital still camera of 8 mega
pixels and the one theoretically calculated.

3. Results
3.1 Tunnel-like ablation of the phantom

In the cross section along the long axis of the
resulting tunnel, change in color of the tissue was
observed at 1 to 3mm from the tunnel surface.

3.2 Positioning error in the 3 DOF motions
The positioning error in the rotation was
1.1deg (S.D.+0.8deg, n=216), from which the
error in positioning the ablator tip by the rotation
is calculated to have been 0.5mm (S.D.0.4mm,
n=216). The positioning error in the bending was
0.6deg (S.D.#+0.3deg, n=90), from which the error
in positioning the ablator tip by the bending is
calculated to have been 0.4mm (S.D.0.2mm,
n=90). The positioning error in the translation was
0.1mm (S.D.£0.2mm, n=80), which is the error in
positioning the ablator tip by the translation.

4. Discussion
4.1 Ability of the ablator

The result indicates that tissue of the tunnel
surface was well denaturalized. On the other hand
it is considered that denaturalization spread from
the ablator to the outside. Therefore it is estimated
that the tissue removed by milling had been
already denaturalized by cauterization when
milled, though it was not pathologically examined
if the tissue was denaturalized or not. The result
also indicates that tissue at more than 2 to 3mm
far was not denaturalized. According to these
indications it is suggested that the designed
ablator, when appropriately operated, makes it
possible to remove the tissue on the path,
denaturalizing it in advance and avoiding
widespread heat damage of the surrounding tissue
by over cauterization.

4.2 Positioning accuracy of the manipulator
The results indicate that the positioning error in

manipulation of the ablator was sufficiently small
to be simply calibrated. The results indicate also
that the backrush in manipulation of the ablator
was sufficiently small to avoid serious damage of
the surrounding tissue, and to fully remove tissue
in the target area, considering that the diameter of
the ablator is 4mm and that the 2 neighboring
ablation tunnels are overlaid each other by
approximately Imm at the maximum in the
designed procedure. According to these
indications it is suggested that the designed
manipulator itself has sufficiently high positioning
accuracy and that makes it possible to remove the
tissue accurately, though it should be followed by
phantom experiments in the future.

4.3 Possibility of non-metastasis mechanical
transurethral resection of the prostate

The device designed in this study consists of
an ablator and a manipulator to position it. As
discussed above, the ablator is able to remove the
cancerous prostatic tissue on the path without
scattering it before denaturalized and without
serious damage in surrounding area, and the
manipulator is able to position the ablator
accurately. Therefore, the designed device itself is
safe and accurate, and if the target volume
planned in pre- or intraoperative medical images
and the manipulator are accurately registered to
the prostate it is possible to accurately remove the
cancerous prostatic tissue as planned without risk
of metastasis by the designed device.

5. Conclusion

A surgical device for non-metastasis
mechanical transurethral resection of the prostate
by repetition of minute milling after minute
coagulation was designed and the design was
validated with a developed prototype which
consists of an ablator and a manipulator to
position it. The ablator milled out the chicken
phantom to make a tunnel-like hole while the
milled chips was estimated to be sufficiently
denaturalized. The manipulator positioned the
ablator with sufficiently high accuracy. In
combination with a registration technique it is
possible to accurately remove the cancerous
prostatic tissue as planned without risk of
metastasis by the developed device.
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visualization software, which is adopted to clinical
0.2T Open MRI. The device and system development
and their evaluations are presented.
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CT, MRI, or confocal microscopes are widely used to
generate volumetric images in Medical Science. Due
to various reasons such as X-ray limited exposure
and laser penetration power, volume image stacks
created are often anisotropic in terms of scan
intervals compared to the image resolution. In other
words, the voxels of such volumetric images have
three unequal sizes in the three coordinate
directions. This can cause distortions in the original
volume for applications, such as image processing,
visualization, reconstruction and quantification.
Interpolation techniques are usually applied to rectify
the problem for formation of isotropic volumes
(Lehmann et al. 1999). Typically, an interpolation
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sampled voxels to generate the voxels located
between existing voxels under the assumption that
the sampling frequency is higher than the Nyquist
frequency (Oppenheim et al., 1999). Adiga and
Chaudhuri (2001) used XOR contouring and
morphing to insert new slices to the original image
stack to obtained a cubic volume. Existing
interpolation algorithms are computationally intensive
and thus very time-consuming. We develop a new
technique using a look up table (LUT) to shorten the
computation time dramatically without accuracy.
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A surgical robot device was designed for non-
metastasis transurethral resection of the prostate in
cancer by repetition of minute coagulation and
milling, and the design was validated with a
developed prototype. The prototype consists of an
ablator which is a hybrid of an electrocoagulator and
a milling drill, and of a manipulator which position the
ablator in 3DOF in the prostate. The ablator removed
out the chicken phantom to make a tunnel-like hole
while the milled chips were sufficiently denaturalized.
The manipulator positioned the ablator with
sufficiently high accuracy. These results suggest that,
combined with a registration technique, it is possible
to remove the cancerous prostatic tissue as
accurately as planned without high risk of metastasis
by the designed device.
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Abstract :

We have proposed 6-DOF tracking method for an
intra-operative MRI. Proposed method can be
measured the tip position and orientation directly. In
this paper, position and orientation measurement
accuracy of the proposed extended active tracking
(EAT) method for MR guidance is reported. The 6-
DOF tracking device consists of three serial
inductance located scalene triangle, tuning capacitor,
and matching capacitor. The coil was tuned to 8.5
MHz corresponding to 0.2 tesla of the magnet field
intensity of the MRI used. The projection data
obtained by the tracking coil have three peaks
indicating the positions of each inductance along a
specific axis. Projection data along three different
axes provide a set of 3-D positions of the three
inductances. The orientation of the tracking device
can be calculated from geometrical arrangement of
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Study on Telexistence (LIV)
-The effect of image projection at hand with RPT Binocular Stereoscopic Display System-
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Abstract: When an operator manipulates objects in a remote environment with Telexistence Mater-Slave
system, it is important how to show the visual information of a remote environment. In this paper, we
present RPT(Retro-reflective Projection System) Binocular Stereoscopic Display system as an optical
system on the master cockpit. The system includes both the cylinder-like screen which radius is about one
meter, and the screen attached on the master arm. Because it can occur that each parallax image is projected
discrete screen, we research the extent that one can view the object stereoscopically with this system.

Key Words: Telexistence, Master-Slave Robot, Retro-reflective Projection Technology, Binocular

Stereoscopic Display
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Abstract : Using the Optical Camouflage, it is nessesary to know the distance of the captured

object to the camera. This leads to difficulties availing it for moving objects. System in this

approach, stereo matching is applied to measure the distance. In addition, the difference between

the real view and the projected picture is corrected.
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