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Abstract : RPT that projects a virtual object to the retroreflective screen has been proposed as
a technology that unites the VR world and the real world. We developed a 5DOF Binocular type
RPT Display (3X’tal Scope) that enabled the presentation of 3D image. As a result, the VR world

in the real world was ohserved from arbitrary viewpoint.

Key Words:  Retroreflective Projection Technology, 3D Display
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Fig. 8 Comparison of the size of robot. Left Miniaturized robot,
Right prototype robot

robot manipulators and perform surgical procedures in the abdomi-
nal cavity in safety. Furthermore, we are expanding the concept of
the robotic surgery application and developing a new robot for the
endovascular surgery. The robot has a small-size stereoscopic CCD
camera and manipulators that enable endovascular repair of aortic
aneurysm. To obtain a situation of the robot and the surgical field in
the blood flow, a 4D ultrasound imaging system is integrated into the
robot system. Following safety evaluations with animal experiments,
we plan to clinically apply the system and examine its efficiency.
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Abstract We have developed an MR image-guided robotic system for
laparoscopic local ablation therapy This system consists of small
surgical manipulators, real-time MR image gnidance and an opera-
tion table for the small surgical manipulator. We planned the pro-
tocol of the laparoscopic radiofrequency ablation therapy using this
robotic system and tested it with a phantom included as a target. The
operator can easily control the manipulator in eight directions using
the MR-compatible hand-held switch with Interactive Scan Control
(ISC) and a three-dimensional high-resolution image-guide to
puncture the target. Puncturing the target by this system was easier
than by hand. The MR image-guided robotic system for laparoscopic
local ablation therapy can help by enabling the operator to precisely
puncture the target.

Keywords MRI-guided therapy . Robotic system - Ablation therapy
1 Introduction
The development of endoscopic and other minimally invasive sur-

~ gical techniques has led to reductions in both patient morbidity and

mortality. Performing surgery through small incisions or ports re-
duces infection rates, the need for pain medication, and recovery
time. In addition, the quality of life in patients with early gastric
cancer has been reported to be significantly better after laparoscopic
procedures than after open surgery [1]. The principal disadvantage of
the conventional endoscopic technique is that it is difficult to main-
tain precise control of the endoscopic instruments due to limitations
related to the movement of the instruments, the visualization of the
operative field, and the haptic input. If complex minimally invasive
procedures are to become more widely adopted by surgeons, signif-
icant improvements must therefore be made in the operating envi-
ronment.

The da Vinci® and the ZEUS™ Robotic Surgical System have been
introduced into clinical use. However, these robotic systems do not
apply to general surgical operation room because of their size, less
applicability, absence of image guide systems and restricted forcipate
device movement. The purpose of this project is to develop a Mag-
netic Resonance (MR) image-guided surgical robotic system that
consists of a small surgical manipulator, real-time MR image guid-
ance and an operation table for the small surgical manipulator. The
general view of this system is shown in Fig. 1. To progress this
development, we divided the project into four phases.

Fig. 1 MR image-guided surgical robotic system

- Phase 1: MR image-guided robotic puncture system

— Phase 2: MR image-guided robotic system for laparoscopic local
ablation therapy

— Phase 3: MR image-guided surgical robotic system for laparoscopic
surgery

— Phase 4: MR image-guided surgical robotic system loaded with
multi DOF forceps

In this document we report on the second phase of this project, Phase
2: MR image-guided robotic system for laparoscopic local ablation
therapy.

2 Methods

We considered that the MR Image-guided surgical robotic system
must have the following properties:

1. A small surgical manipulator system which is MR-Cbmpatible

2. MR-compatible surgical tools

3. A MR image-guidance system

4. An operation table for the small surgical robotic system

2.1 The small surgical manjpulator system

The small surgical manipulator system was designed so it did not
interfere with the receiving coil or a patient body surface in the
430 mm gap of the open MRI system (0.3T Airis-II, Hitachi Medical
Corporation) and it must be made of MR-compatible material. It can
be attached to any position on the guide rail of the operation table
for the small surgical robotic system. The manipulator system con-
sists of the surgical tool grip manipulator and the MR-compatible
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surgical tool. The surgical tool grip manipulator has the guide frame

to attach the surgical tool grip mechanism and MR-compatible

transmission mechanism. The guide frame is placed on the guide rail
of the operation bed and the surgical tool grip mechanism can be
attached on the guide frame every 10°. We adopted a Remote Center
of Motion mechanism as the surgical tool grip mechanism with a
moving range of 60° around the pivot point. We equipped the sur-
gical tool grip manipulator with two joints for the back-and-forth
movement and rotation of surgical tool axis. The surgical tool was
equipped with three joints to achieve flexion, head bobbing, and
opening and closing movement at the leading edge. We designed the
MR-compatible drive unit in detail and housed these units in the
surgical tool drive manipulator. In the future it could be controlled
from outside the MRI room.

2.2 The MR image guidance system .
To be able to place the surgical devices on the target, an MR imager
to trace them was developed. This system, the Interactive Scan
Control (ISC), gives the operator the MR image plane with respect to
the device path detected by the optical tracking system (Polaris®,
Northern Digital Inc., Canada). This image changes in near real-time.
Another image-gnided system, a three-dimensional high-resolution
image guide, was developed to display the placement of the devices
on volume rendering and three reformatted images from three-
dimensional data. These systems are linked and the operator can
correctly place the device on the target by utilizing both these sys-
tems.

2.3 Radiofrequency (RF) receive coil

We made the RF receive coil not to interfere with the small surgical
manipulator and operation field, and a part of the coil was connected
to the surgical operation table for the small manipulator system to
keep space for the patient. .

2.4 The surgical operation table for the small manipulator system
This is similar to the conventional operation table and has a slide
table to be moved into the gantry to 1,200 mm. It can be incorpo-
rated with the RF receive coil and equipped with the guide rail on the
both sides to attach the surgical manipulator which is attached every
30 mm. The materials are MR-compatible except for the motor.

2.5 Control unit for Phase 1 system

To control the Phasel system (MR image-guided robotic puncture
system) we made a hand-held MR-compatible switch controller using
an optical fiber sensor. The operator can control the ablation needle
in eight different directions by manipulating the small surgical
manipulator with the switch.

2.6 Laparoscopic radiofrequency ablation therapy protocol for

the MR image-guided robotic system

The planned protocol for laparoscopic radiofrequency ablation
therapy using MR image-guided robotic system is shown in Table 1.
2.7 Phantom and ex-vivo testing

The protocol (Table 1) was tested using phantom and ex-vivo sam-
ples and the Phase 2 system (Fig. 2), MR image-guided robotic sys-
tem for laparoscopic local ablation therapy, was tested. Two surgical
manipulators were positioned. One for the MR-compatible RF probe
and the other for the MR-compatible laparoscope. The phantom was
made from agar and included cherries as the target.

Initially we took the MR image for the three-dimensional high-res-
olution image-guide system. The operator controlled the manipulator
for the ablation needle using the hand switch, the 3D navigation and
ISC for viewing and tried to puncture the target. The ISC image was
updated every 2.0 s. In addition, RF ablation (a Cool-tip system from
Radionics, 120-125 W, 4 times roll off) was performed on an ex-vivo
pig liver and the ablated area in the MR image was compared with
the macroscopic specimen.

3 Results

The operator could easily control the manipulator in the eight
directions using the hand-held MR-compatible switch utilising ISC
and a three-dimensional high-resolution image-gnide, and suc-
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Table 1 The protocol of laparoscopic radiofrequency ablation
therapy using MR-imge-guided robotic system

Action Staff
1 Fix the patient’s position Everyone
2 Prepare vital monitor, Amesthesiologist
draping of the patient, etc
3 Fix the surgical field and Assistant
placement of the RF receive coil
4 Begin the pneumoperitoneum Assistant
5 Registration of the operation Assistant
table and the MRI
6 Slide the slide table into Technologist
the gantry
7 Obtain of the 3D MR image Technologist
8 Slide the slide table from Technologist
the gantry
9 Preoperative planning from Operator
the 3D MR image
10 Attach the surgical manipulator Assistant
to the proper position
on the guide rail
11 Insert the trocar Assistant, Operator
12 Adjust the manipulator Operator, Assistant
13 Insert the laparoscope, needle, Operation, Assistant
and forceps :
14 Slide the slide table Technologist ;
into the gantry .
15 Begin the ISC Technologist
16 Control the manipulator to obtain Operator
the proper needle path
with the hand switch
17 Puncture the target Operator
18 Obtain of the 3D MR image Technologist
to assess the accuracy
of the puncture
19 Ablation Technologist
20 Obtain the 3D MR image to Technologist
assess the effect
of the treatment
21 Assessment Operation
22 (Retreat if it is necessary)
23 Treatment is completed

ceeded to puncture the target. Three-dimensional MR image was
not influenced by the manipulator and the operator could catch the
placement of the needle in a treatment every time. ISC provided
the operator with a near real-time MR image while the manipu-
lator worked. The 17G needle was shown as an artifact of around
10 mm thickness.

Regarding the ex-vivo testing, the MR images showed a hypointense
lesion with the longest axis of about 30 mm. However, the contrast

Fig. 2 The prototype of the MR image-guided robotic system for
laparoscopic local ablation therapy
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between the ablated area and normal liver was indistinct and the
border of the ablated area was not clear. When the pre-treat image
was subtracted from the post-treat image, the border became clear.
On the other hand, the longest axis of ablated area was about 40 mm
when we sliced the liver with a plain needle.

4 Discussion

We have successfully developed a MR image-guided robotic system
for lap'a.roscopic local ablation therapy which is the second phase in
our total project of MR image-guided therapeutic systems.

The operator could easily puncture the target using the MR image-
guided robotic system for laparoscopic local ablation therapy. On the
other hand, it seemed more difficult to operate a needle by his own
hand in near real-time imaging. This is because the image update
time of the ISC s slightly longer than that of ultrasound, and it is easy
to lose sight of a target if he has a slight hand tremor. We think that
the manipulator is effective in shortening the time to place the needle
in the target because the tremor is filtered and delicate control is
possible via the hand switch. Alexis et al. [2] reported that the time
required for needle placement was 30~50 min per lesion in spite of
MR guidance. We think that the time of needle placement can be
shortened by utilising the manipulator. We will evaluate the feasi-
bility of this system in vivo from now on. When the in-vivo experi-
ment is performed, it needs to test MR compatibility with operation
equipment. For example, an anaesthesia-device, a vital sign monitor,
electrosurgical devices, pneumoperitoneum equipment, an optical
tracking system, in-room monitor, etc.

The control unit for MR image-guided surgical robotic system (Phase
3, 4) is progressing now. Furthermore, it is often said that it is
important to plan the proper position of the manipulators before the
operation in robotic surgery, so they do not interfer with each other,
do not disturb the operation, and have enough moving range. The
greater the numbers of manipulators, the more difficult it is to po-
sition them. We are developing a preoperative simulation system. It
allows us to plan the placement of the manipulator and trocars for
each procedure. Also, this system will enable us to plan the proper
needle path for puncture, so as not injure important vessels and be
minimally invasive. We will investigate the function to automatically
set the direction and position of the manipulator on the basis of the
result of preoperative simulation.

5 Conclusion

MR image-guided robotic system for laparoscopic local ablation
therapy can help the operator precisely puncture the target.
Acknowledgment This work is supported by NEDO Grant #14 K258
to M.Hashizume, Research and development of the MR Image-gui-
ded surgical robotic system for laparoscopic surgery to realize future
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References
1. Adachi Y, Suematsu T, Shiraishi N, Katsuta T, Morimoto A,

Kitano S, Akazawa H (1999) Quality of life after laparoscopy-
assisted Billroth I gastrectomy. Ann Surg 229:49-54

2. Kelekis AD, Terraz S, Roggan A, Terrier F, Majno P, Mentha G,
Roth A, Becker CD (2003) Percutaneous treatment of liver tumors
with an adapted prove for cooled tip, impedance-controlled radio-
frequency ablation under open-magnet MR guidance: initial re-
sults. Bur Radiol 13:1100-1105

A soft robotics approach for navigated pedicle screw placement:
first experimental results
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Abstract In this article experimental results for robot assisted navi-
gated drilling and milling for pedicle screw placement are pre-
sented First, the clinical motivation is given. Thereafter, the

experimental set-up is described which consists of a navigation sys-
tem and an impedance controlled light-weight robot holding the
propulsion unit of the surgical instrument. The navigation system is
used to position the surgical instrument as well as to compensate for
pose errors during machining. Holes are drilled in artificial bone to
obtain similar experimental conditions as well as in bovine spine. The
interaction forces and pose errors are discussed with respect to the
chosen machining technology. It is shown that milling is superior to
drilling.

Keywords Soft robotics - Hands on robotics - Robotic surgery -
Spine surgery - Pedicle screw placement -

Intraoperative navigation - Machining force -Pose error

1 Clinical motivation

Serious diseases of the spine such as instable fractures of the lower
thoracic and lumbar spine or severe spinal defects after tumor
resections are increasingly treated with a so-called transpedicular
fixation with fixateur interne: screws are placed into the nearest intact
vertebral bodies above and below the lesion and stiffened with each
other by means of titanium rods. The screws must be placed very
accurately since they are close to delicate structures, such as the
spinal canal or the aorta.

In order to support the surgeon surgical navigation systems have
recently been introduced: The pose of the tracked instrument is
displayed on preoperatively acquired images, thus helping the sur-
geon to avoid delicate areas. Despite a significant reduction of mal-
positioned screws [1-3], some severe disadvantages still remain: (a)
cumbersome hand-eye coordination, (b) frequent changes of the
field of view in combination with new eye accommodation, and (©
display of a 3D pose error on a 2D screen. Additionally, the unin-
tentional slipping of the drill tip can not be avoided.

The combination of a robot with a navigation system enables an
important step for closing the gap in the flow of information between
therapy planning and therapy execution. With such a combination
the data gained from navigation can be optimally and directly inte-
grated into the therapy and the before mentioned disadvantages can
be avoided. The proposed system does not execute the task auton-
omously (such as RoboDoc™™ or Caspar™) but is rather mannally
guided by the surgeon (i. e. soft robotics) along trajectories defined
by the planning system. Thus the surgeon keeps full control over the
system at any stage of the medical workflow. The authors believe that
this approach combines the advantages of both, navigation and
robotics but avoids at the same time their respective disadvantages.
This paper focuses on first drilling/milling experiments performed
with such a system, discusses the achieved accuracy, and tries to find
the optimal bone machining technology.

2 Experimental set-up

The complete experimental set-up consisting of the DLR light-weight
robot [4] holding the surgical instrument, a VectorVision™ naviga-
tion system from BrainLAB, and a registered patient is shown in
Fig. 1. The impedance controlled robot is equipped with joint torque
sensors, allowing for the measurement of forces/torques applied to

Fig. 1 Experimental setup with torque controlled light-weight robot
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Abstract
In the endoscopic surgical fields, much information which could be used intraoperatively is strongly demanded.

We formulated a new magneto-optic hybrid 3D sensor configuration, and have developed an augmented reality navigation -
system using the accurate three dimensional sensor system that can be utilized in the endoscopic surgeries. This system
measures the 3D position of the tip of ultrasound probe in the abdominal cavity using magnetic 3D position tracker. Accuracy
of the magnetic tracker is affected by metallic objects such as surgical tools that distort the magnetic field. We propoée
real-time distortion correction of the magnetic fields using a magneto-optic hybrid 3D position tracker aiming to acquire the
accurate 3D ultrasound image. In this paper, we evaluated the effectiveness of the navigation system especially that of our
method of rapid distortion correction of magnetic fields in the operative environment. The error caused by magnetic
distortion was reduced from 34.6 mm to 2.59 mm in position and from 9.08 degrees to 0.82 degrees in orientation. The time
to obtain the calibration data was 69 seconds. Three dimensional ultrasound imaging has the advantage that real time imaging
is acquirable, regardless of organ shift or distortion. Our experimental results showed the proposed method was effective.
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rotary encoding.
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Fig.3 Endoscopic apparatus for distortion measurement.
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Fig.6 Results of Magnetic Distortion Correction
Measurement Error of Magnetic Tracker.
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Table. 1 Data transfer bandwidth

Image / Data bandwidth,
From surgery site to operation site :
Communication 4 Mbps
Laparoscope 4 Mbps
Robot control 5 Kbps
Visual Phone 128 Kbps
From operation site to surgery site :
Communication 4 Mbps
Visual Phone 128 Kbps
Total 10. 3 Mbps
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Fig. 2 Comoparison of image quality
(left: Japan-Thailand (Normal), Right: Japan-Korea)

3. 3 MBEEEEEN
Ary T UdTFBREEL TNy FEFBRI LI

2006 £ 10 A

XV, BBEEREEENZ2HIE L. ERERLY, Nornal
DEETCOBERRIL T40nsec Thote. Tz, Low
Latency TiL 640msec TH Y, 100msec DBIERFFIHEMN
FER &Nz, F£, LAN BE T COEEEMRENIL Nornal,,
Low Latency DF - ENEEEIZOWT, 590 msec, 312msec
THBIEnd, RERICIZFRERCIVELEE
BB LZ 250nsec BE ThozZ LRI, BF
DEBRTIE, FRE-—#HREMICB T ISIN(2BD)2 E#ET
CODEC & LT SONY #E84 PCS-P500 % FHV T 676. Omsec, &
M — Y UVEHC B W TEWRIFEA A & —F v M T DVIS
W2 & BT 740, Omsec ThoTe, ThbDFERIIERAL
7oy MU — 7 HERL, CODEC, {mitL7cBMBERHESE, &
HERKE L B b—TRREEITcERWE, £ED
ERTHBEOER LB LT, EEEEENIEICEML
EOIZb b bT, IFERSOBERF TERERRE
EEETHILENRTETHo .

3. 4 BEFISHRTIEMEN
BEENMERTAEEENRIE, <RX¥ - AL—THO
EERY, MEIFHEXEREN, AL—T7 - v=bta
— & OB EEE, vAZ « X =T HOBREEER
FREhOBFc L > TE LD, FERRTIE, 582.4 msec
OEBENZBERIR U TWE D LRSS, hE
TOER LR LU CZERBREOERE Cho7. ZOEH
& LT, {&REYE CODEC OFENRFE D REL, ZhbDH
WOEAZL Y, B<ENHARPBESERFNIEY
AT 2 DRTEEtE R E N,

4. F&H

BAR—F 1 &5 JONII 2RV, EERBEFT8ICX
7 X ExEE UERTOMERSE THRERE IR
Uiz, JREERERFROLEROT-DICE, RERTHY
koA —Xy NEARICL 2ERFWERNLE
EEZOND. EEFEEBACELT, mRy FNEIEER
BERTVITA 7 RBEEEXNTHLI L OERAE
WCRE EKFFT DO L, BEEEIE CODEC HERED M L
KLYV EETOARERDS.

HiEE
AHFFEO—ERY, BRI 21 #58 COE 7'u T A g
RFb A )R- g ] OFEOLEEREN. o,
ERFRITTR 17 EERBE T U= 7 b (EREEEE T
TEROT=DOEE IT £FEERLE OE#EL UTERSIS
DTH5.

SRR

1) Jacques Marescaux et al., “Transatlantic robot-assisted
telesurgery,” NATURE, VOL.413, 27 Sept., pp.379--380, 2001.
2) Jumpei Arata et al., “A remote surgery experiment between
Japan-Korea using the minimally invasive surgical system,”Proc.
of IEEE Int. Conf. Robotics and Automation 2006, pp.257--262,
2006.



2A1-A11

EEREFMARSEES ALY _EaL—2 O

Development of a Magnetic Driven Surgical Manipulator

7E ER (BX) OF M%E 1a& (Bh) E MAx & (BX) E BL Ex (BXR

Masaki MOTOYOSHI, Waseda University, moto@moegi.waseda.jp
Haruna OKAYASU, Waseda University

Jun OKAMOTO, Waseda University

Masakatsu G FUJIE, Waseda University

This research proposes a manipulator which is able to approach to deep area of internal organs such as lung, and
furthermore realize minimally invasive surgery. This manipulator is driven by Magnetic force, that is, the small permanent
magnet on the manipulator produces force a generated external magpetic field. By using magnetism, the manipulator is safe
due to low voltage in the body and structure is simple. In this paper, we suggested the control to manipulate the direction and
the strength of external magnetic field to generate large bending angle of manipulator.

Key Words : Minimally invasive surgery, Active catheter, Magnetic drive
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Fig.1 Approach to Inside the Organ
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Improvement of the Sensitivity of a High-Frequency Carrier-Type Magnetic
Field Sensor Through the Use of an Edge Extension Structure

M. Sendoh, T. Nakai,*, N. Tachibana**, N. Hoshi™, H. Suzuki*, N. Horikoshi*"*,
S. Yabukami**, K. Ishiyama™*, and K. I. Arai™

Miyagi Organaization for Industry Promotion, 1-14-2 Kamisugi, Aoba-ku, Sendai 980-0011, Japan
*Industrial Technology Institute, Miyagi Prefectural Government, 2-2 Akedors, Izumi-ku, Sendai 981-3206, Japan
* NEC Tokin Co., Ltd., 6-7-1 Korivama, Taihaku-ku, Sendai 982-8510, Japan
Research Institute of Electrical Communication, Tohoku Univ., 2-1-1 Katahira, Aoba-ku, Sendai 980-8577, Japan

Improvement of the sensitivity of a high-frequency carrier-type (HFC-type) magnetic field sensor through
the use of an edge extension structure is reported. The HFC-type magnetic field sensor is composed of a rectangular
CoNbZr thin film with a coplanar-structure Cu thin film as an electrode. The edge extension structure causes
reduction of the sensor’s demagnetization field effect. A variation in the sensor impedance was obtained as a function
of the external magnetic field for edge extension lengths ranging from X'=0 mm to X= 1 mm. The length of the sensor
was 1 mm, the thickness was 2 um, and the widths were 20 and 80 um. It was demonstrated that the gain of an
HFC-type magnetic sensor with an edge extension length of X= 1 mm was three times higher than that of a sensor
with an edge extension length of X = 0 mm. This result shows that an edge extension structure improves the
sensitivity of an HFC-type magnetic field sensor.

Key words: high-frequency carrier-type magnetic field sensor, edge extension structure, impedance characteristic,
improvement of:sensitivity, magnetic-thin film
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Fig. 1 Schematic illustration of the HFC-type sensor
with an edge extension structure.
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