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Abstract : Recently, fetoscope laser photocoagulation has been increasingly used for treatment of twin-twin transfusion
syndrovie (TTTS). In this treatment, it is needed to appropriately keep the tip of laser fiber away from the placental
surface. since the distance significantly influences to success in placental blood-flow interception. We developed a
new laser surgery device using the composite—type optical fiber system which consists of a centrally located single
fiber tor vessel ablation and its surrounding fibers for imaging. Then, the device is expected to enable measuring the
distance between fiber tip and placental surface with resultant accurate laser irradiation. In this paper, we describe the

experimental results of temperature control during blood-flow

interception of porcine mesenteric venous flow.
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Abstract: The major problem to establish safer endoscopic fetal surgery is that the surgical field and view is limited and a placenta is
very soft and weak tissue. For example, Endoscopic Laser Treatment to coagulate vessels on placenta for twin-twin transfusion
syndrome (TTTS) needs high technique and experience for surgeons to avoid collision with the placenta and other surrounding weak
tissues. We developed new navigation system using 3D ultrasound images. It has distance map around placenta and sound alarming
module. Phantom study shows that this system can inform surgeons the distance between the endoscope and the placenta without

changing their view from endoscope display to navigation display.
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2 Phantom experiment of Collision Avoidance
System. Right: overview of phantom experiment, Left:
Navigation view of Collision Avoidance System.
Distance color map is overlayed on the 3D ultrasound
images of phantom.
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Abstract: The clinical target of this study is
intrauterine patch coverage of fetal myelomeningocele.
The collagen patch is supposed to be stabilized onto
the fragile fetal tissue during the laser fixation process.
This paper shows the development of robotic
patch-stabilizer using wire driven mechanism (2 D.O.F,
Max bending angle is 45[deg]). The diameter of the
stabilizer's shaft is 2.4[mm] and the length of the
stabilizing part is 60[mm]. The stabilizer is driven by
the wire and the tension of wires is measured by the
drive unit outside of the body to estimate the force on
the tip. The force on the tip was estimated by the
wire tension with 3.5 % error between the estimated
value and the measured value. In addition, the design
of new drive unit realizing the precise motion is shown
in this paper.

Introduction

In recent years,.the fetal disorders have been discovered
extremely early by the progress of therapeutic apparatus
such as an ultrasound and MRI diagnosis apparatus. After
that, a minimally invasive fetal surgery has been used to
treat some disorders in recent years. The tools are required to
insert into the uterine wall from the small incision in this
kind of surgery. The virtual applications and the results of
the surgery have been shown [1].

Myelomeningocele is a kind of disorder that the nerve
gets into the liqur amnii from the dysplasia of the fetal
backbone and the spinal canal. This affection could cause
damages of the postnatal brain and the lower part of the body.
A patch protects the effected part in order to avoid any
irritations of the nerve, which is attached as the temporarily
treating method that was used before childbirth. It is
required to stabilize the collagen patch onto the fragile fetal
skin tissue with appropriate force and to fixed the patch by
using laser.

The fetal patch surgery system

For the fetal patch surgery, we propose the system, which
is shown in Fig. 1. The endoscope, the stabilizer and the
laser manipulator are inserted into uterus. The patch is
pressed by the robotic patch-stabilizer on the surface of the

lesion that cropped out into liquor amnii. Then, the patch
protecting lesion temporarily is fixed in fetal cutis by the

laser manipulator.

Laser manipulator Endoscope

Stabilizer
a __—Abdominal Wall

Uterine Wall

Patch

Fig.1 Patch Surgery System

This study is aimed to the development of a stabilizer,
which holds a collagen patch with appropriate stabilizing
force. The technical problem is the method of controlling the
force of a stabilizing patch onto the fragile fetal skin.

After the previous descriptions, the stabilizer is required
to estimate the force on the tip part. However, the direct
measurement on the tip part is very difficult as it is not
preferable to use a sensor in the body for security reasons.
As a solution, the stabilizer is driven by the wire and the
tension of wires is measured by the drive unit outside of the
body to estimate the force on the tip.

This paper shows the development a prototype of the
stabilizer which has been developed into two degree of
freedom from the required specifications. The relation of the
force sensor and the wire which we installed in the tip has
been measured in the static state and inspected the precision.

The Specification of Stabilizer

The specifications of the robotic patch-stabilizer could be
conclude as: (1) The shaft diameter is required to be under
3[mm] that is able to insert a trocar with a diameter of
3[mm)] , because that the amniotic cavity breakdown raises
the danger of abortion. (2) The length of the stabilizing
part is more than 60[mm] in order to stabilize the collagen
patch onto the lesion ($40[mm]~60[mm]) of
myelomeningocele in an embryo of pregnancy of 20-25
weeks. (3) Bending and moving the angle that is needed,
because of the limited movement space taken by the
placenta. (4)The precise force control stabilized the patch,
which is required in order to avoid any damages on fetal
tissue.



Mechanism of the patch-stabilizer
Figure.2 shows the developed robotic patch-stabilizer.

Fig. 2 The tip of the Patch-stabilizer

The developed patch-stabilizer uses a wire driven
mechanism that achieves two bending degrees of freedom
with the use of one ball joint-shaped arthrosis. The same
mechanism introduced in 1] is used for joint part.

As shaft diameter required, which is to be inserted into the
trocar for the fetal, the diameter of the stabilizer's shaft is
2.4[mm], the maximum width is 2.4[mm], and the thickness
is 1.5[mm)]. The length of the stabilizing part has been
designed as 60[mm], because that the diameter of the lesion
is 40[mm]~60[mm]. :

The force sensing

The aim of this study is to control the force sensing of less
than 500{Pa] because it has been reported from a
preliminary research[2] that the fetal cutis will not be
damaged under the force of 500[Pa]. In this paper, the
accuracy of estimated force has been confirmed by using
one degree of freedom.

The distributed force is loaded on stabilizer in clinical
application. Therefore, the stabilizing force should be
evaluated by the pressure. However, as a first approximation,
a piece of concentration load was measured in a static‘ state
in this paper.

Fig3 shows the experiment installation of the force
sensing experiment. A force sensor was set the tip to
measure the stabilizing force. The force of around 2-20% for
500[Pa] of preliminary research [2] inspected by this
experiment was measured with seven times. Therefore the
relation of force that was obtained between the force senor
and tension sensor, and also the accuracy of estimated force
has been measured.

Drive unrr o9

Fig. 3 The experimental overview of Stabilizer prototype

Figure.4 shows the results of experiment. The certain
relation has been shown between the obtained force through
the sensor, which contacted at the tip of stabilized part and
the measured force from the tension’s sensor. An error is
occurred at 33.2% when the value of a wire’s tension is
small, and an error decreases into 3.5% when tension of a
wire increases. The interference between wires is considered
as an error.

Measured contact force N
I
[ =)
(=

1
=T : : -
0 0.02 0.04 0.06 0.08 0.1
Estimated contact force N
Fig.4 The relation between force calculated from the tension sensor
(X axis) and force measured from force sensor (Y axis).

In addition, influence of a noise of a sensor is large when the
measured tension value is small.

New drive unit

In order to control the force of pressing the patch more
precisely, a new drive unit is currently developed, which is
designed with the length of 85mm, the width of 70.4mm and
the height of SOmm. In the new drive unit, the precise
movement will be realized. This is because that two AC
motors with large reduction ratio is used to control stabilizer.
in.vivo experiment will be carried out using the new drive
unit.

Tension sensor

Jojom DY

Fig.5 The new Drive Unit

Conclusion

In this paper, a robotic patch-stabilizer using wire driven
mechanism has been developed to hold the patch with the
precise stabilizing force. Additionally, using the developed
stabilizer, the accuracy of estimated force has been
confirmed by using one degree of freedom. The designed
new drive unit is introduced. In further work, the new drive
unit will be developed and in. vivo experiment will be
carried out.
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Introduction

The major hindrances in establishing a safer endoscopic fetal
surgery are the limited surgical field and view and the fact that
placenta is an extremely soft and weak tissue. For example,
endoscopic laser coagulation of placental vessels for twin-twin
transfusion syndrome (TTTS) requires a highly advanced
technique and surgical experience in order to avoid collision with
the placenta and other surrounding weak tissues. We have
developed a new navigation system using 3D ultrasound images
to avoid damage to placenta etc. This system informs the
surgeons about the distance between the endoscope and the
placenta by producing an alarm sound. (Fig.1)

3DUS
Methods Fig.l Concept of sound navigation system for
Conﬁg“m i of the 3D ultraso navigation stem an collision avoidance. A colored distance map is
. . tion 3D ul und Vigation system d generated for the region around the placenta, and
registration this system informs the surgeon about collision risk
This system comprises 3D ultrasonography system (3DUS; by using this map and an alarm sound.

Prosound™ a10; Aloka Co., Ltd) and a navigation system (PRS Polarls Vicra
Navi, TWMU; Toshiba Medical Systems, Infocom). In the
navigation system, the location of surgical instruments such as
an endoscope is measured using an optical tracker (Polaris
Vicra™, NDI) and displayed on 3D ultrasound images after
registration between the optical tracker field and the images field.
(Fig.2)

We constructed a calibration jig for registration between the
locations of surgical instruments (optical tracker field) and the
image. The locations of the tip of 4 steel balls were used for
registration between the 3DUS probe location and image. The
location of the endoscope was displayed on the 3DUS images by
using the registration information and the location data of the ! _ Trom——
endoscope and 3DUS probe measured by Polaris Vicra. (Fig.3) coardinates

PRS Navi

Generation of a distance map for collision avoidance alarm

To generate a quantitative map denoting the distance between
the placenta and endoscope, a 3D model of uterus was defined in
order to decide the border between the tissues and ammiotic fluid. = 3DUS
The 3D amniotic fluid region was automatically divided into Fig.3 Registration the fig and the method used




several regions by using the information about the distance
between the contour of the placenta and the tip of the endoscope.
However, during treatment, surgeons have to concentrate their
attention on the endoscopic view. Therefore, the information
displayed on the 3DUS navigation screen cannot be noted
continuously by the surgeon. Hence, we employed sounds that
vary with the distance to inform surgeons about the distance.

Results

We attempted basic experiments using the placenta phantom
and the sound navigation system. A silicon rubber phantom
(placenta phantom) was placed in a water tank (uterus phantom).
Surgeons were instructed to follow a red line on the placenta
phantom by viewing through the endoscope withAvithout the
support of the sound navigation system. The distance map was
set to 4 regions based on the distance of the endoscope from the
placenta phantom surface: for regions 1 to 4, this distance was

Fig.4 Phantom Experiment. (a): Uterus phantom

0~5, 5~10, 10~20, and >20 mm, respectively. Surgeons could (silicon rubber phantom and water tank). (b):
: ; Distance map generated from the 3DUS phantom
realize the distance between the placenta phantom surface and data. The red region is dloser to and the green

the tip of the endoscope quantitatively and intuitively when region is away from the endoscope. (¢): Overview of
the experiment. The surgeon saw only through the
endoscope and was aware of the distance
information by means of the alarm sound.

using the sound navigation system.

Conclusion

We have thus developed a surgical navigation system for collision avoidance to be applied for weak organs.
The 3DUS system, distance map generator, and sound alarming module can provide quantitative and intuitive
information regarding the damage risk to the surgeon. This system can help improve the surgical safety of

endoscopic fetal surgery.
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Introduction

Twin-to-Twin  Transfusion  Syndrome
(TTTS) is a disease of the placenta that affects
identical twins who share a single placenta.
The syndrome occurred in the vascular
communications between the fetuses in a
monochorionic  gestation. This  serious
condition occurs when the shared placenta
contains abnormal blood vessels which
connect the twins, resulting in an imbalanced
flow of one twin to another. Nowadays,
several types of technique including amniotic
septostomy, amnio reduction and laser
photocoagulation are developed for the
syndrome’s treatment. Laser photocoagulation
is one of useful method, which gives a good
survival and a low complication rate to the
twins. In this method, a laser fiber and an
endoscope are inserted into the uterus. With
the guidance of ultrasound and direct video,
specific vessels that cause the blood-sharing
problem are coagulated using a laser fiber to
stop the imbalanced flow of blood between the
twins. Thus precision laser treatment requires
the accurate position information of the
vessels.

In current laser photocoagulation treatment,
the connecting vessels are identified by visual
measurement based on endoscope image.
However, the narrow viewing area of
endoscope makes the surgeon difficult to grasp
the whole picture of placenta and decide
whether the blood vessels that being observed

is one of the connecting vessels or not. As a
result, the surgical success relies on the
surgeon’s ability in memorizing the blood
vasculatory system on the placenta surface,
leaving a risk of missing some connecting
vessels.

System and Method

To improve the safety and accuracy of laser
photocoagulation treatment for TTTS, we have
been developing an image mapping system for
mapping the endoscope image to a 3D model
of the placenta. This system will provide the
overall image of placenta and enable the
surgeon to perform identification of the
connecting vessels.

Our system consists of an endoscope, an
ultrasound device, a 3D position tracking
system and a computer. The endoscope is used
to capture images of placenta surface, and the
ultrasound is used to obtain the whole
information of the placenta (Fig.1). We use the
3D position tracking system to obtain the
posttion and orientation of the endoscope and
the probe of ultrasound. These position and
orientation of the probe will be used in
estimating the position and orientation of
placenta. The computer is used to integrate the
position information, the captured image of the
endoscope, and the 3D ultrasound data of the
placenta. The images of placenta surface are
captured by endoscope and the 3D model of
placenta is created by the reconstruction of
ultrasound image. The captured endoscope



{ Pre- and intra-operative information’,
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laser photocoagulation device
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Fig.1 System configuration.

images are projected on the 3D ultrasound
model and the combined results of the placenta
is displayed in three-dimensionally .

Since the fish-eye lens of the endoscope
camera make a barrel type spatial distortion,
compensation for the distortion of the image is
required in the image mapping to enable
accurate measurement and registration. The
image correction is performed only to the
image area of a circle shape. Active contour
method is used to extract the image. We
calculate the corresponding positions of points
on image data and placenta model to map the
images onto the placenta. After obtaining the
corresponding positions, we map the images
onto the placenta model and display the results
in three-dimension. The endoscope is assumed
as a pinhole camera model. Each pixel on the
images data are mapped onto the triangle
patches through the focal point of the
endoscope.

Experiment and results

We used a placenta model with red and blue
vessels simulated to vein and artery, as the
object in performing experiment to test our
placenta mapping system. The placenta model
was nserted into a container which illustrated
the uterus. We modeled the placenta surface

using 3D-Slicer from ultrasound image data,
and converted the surface configuration to
triangle patches using VTK. Furthermore, we
mapped the corrected endoscope images to the
surface model. The result of mapped images in
three-dimensional image was generated using
OpenGL. From these results, we found that
this mapping system will be effective enough
in providing a large-scale image of the
placenta and enabling a surgeon to get the
information in convenient way.

Experimental results show that the system
could provide the overall image of placenta
and give a promising support to surgeon for
performing identification of connecting vessels
and executing the laser photocoagulation
treatment. The image mapping system can
provide three-dimensional large-scale image of
placenta surface, which enables surgeon to
observe the vessels of the twins without any
need of memorizing. Our future works include
improving the accuracy of the image mapping
to smoothen the mapped image results.
Furthermore, we are going to improve the
speed of the image mapping and test the

system in an in vivo experiment.

This study was supported in part by the
Grant-in-Aid of the Ministry of Health, Labour and
Welfare in Japan.



LN

-
R48H)

i
FE

=

-
N

X!

X ALAE

By ,
S SR |
I w
g B

£9A18 (
(&) ®

g
e

Sy men e
R
ISR

TR 19
i

(@A

I

.
.

XEE

!
¥




—iEE 1 TERZE) Ef 199810 () 09:00-08:40

MR EREOTENRRICRT SMBREDO~ Yy ¥y 7V A7 AR

OffsE FED, B #AY, r o7 FETF FAI52, F RiR?,
AR BEERT D, HAR ERtY, AR —BRY, FIE &Y
L 1) ERRBEXRERTFERFER
2) FHEAZRESFEEAIRA EHER
3) HRASZXFERERATERFER
4) EX4AFERYE V¥ —HE2ED

WM EGERY, —SMERRIE - 28R THY, NBEROBBAESWETHZ LTIV RF
DB CIEORENE LD = & TRET 3. BE, ZORBIIHT3ERBRBRENO—LLTY
—PEREIERER SA TV, TORBRETH, EMSNEECREREL LYY, BRTHELE
PRERFTS. WAME LI Shiins, L—F Ol L TRYERLTEERSES. 22T,
RESEORFIIRS, YANEDREICLEL T3 LEMN2EE FOLERETEBTHITIE, EMORE
BICED XA 2BRV. T, EF0AEbLAEXL, VELEYREL TIIRERBETE 2.
2 TR, WEEBMEEROBEETHD L —FEANOHSE - R&MEE2RESEZIIDIT, B
BEERYEBEFNVICC Y L 7T, BREEYy VI VATARBBLTE L. ZOYAT A
kv, BROSEKRIEBTE, EMOWAMERESERICRS. KV AT AT, PG BEFR
DR, PR SRCCENISERE 22— 2h bR (B1) . WEREERINRETRE
+5. BEEDIER T ORBOSKRAMRE BB TS, XERZRTMEEREER CINRER
CREE S —7 ONE - BB E2EON5. 0BT — 7 Bbhl, BEETRELLRETT IO
WELEBERRDOND. BONERTOTF—FEa v Pa—FREELLAETS. av¥a—F TR
ETHEGEEROELTHEL, 7yBVﬁT%&@ﬁKT5.ﬁwf@@#&ﬂﬁ%ﬁﬁ@ﬂ%ﬁﬁ
P 5. ZhiTit active contour IEZFAVS. ,

<y V7T O RDITH, if_ﬁhkoﬂ/?Tﬁméht%ﬁ®ﬁ~7mz%rwmnﬁv%
5. SEOERTHE, BRBTALPBHOK, BEHRBEEEORDYICHRI VL. RRESIIIEY
T H ATEFACHBLEELT, BREORTOAICHET IBBRET N LORERD, vV
VIR, BEYSKRETERLE. BREE2IERT. Aey Er VAT AICLY, KRN
BEEERY FHDENICRRTE, B L > T HBHITEERECTVEREETTH Z L8
Thote. S%IE, BEOBVWANESEOER, REDLOBESLLY vy YV JARDEREREL,
Bz, <y Y SORBE, HELZALEY in vive DERETOITFETHS.



—RiREE 1 (ER%E) FRI9FEIA LR () 09:00-09:40

[ Expectant mother | [trasonograph |

1. B~y VL VR T AORR

27 D Rk o 1

(a) Placenta model (b) Image result

2. BBETNQ@) L~y L TDERD)



X TCHE B I

»
s

#5 3 [H 3

& £

20074€9H29H (£)

1F##&

=5 BYREERL -

3 RTBE KRS

T

fLEEAN  HABEHEMZES

&

HAER® AR ME %%




ﬂ%%%ﬂﬁ@ﬁ@%ﬁtgﬁéSmiﬁ%ﬁ@%%mmt%ﬁ§E@7vE>ﬁ>
Y& NN): -k

OHE EE". B #E". = 82) ) &2T . 27 59,
T BHEY. AR —ERD

D BRARFRZERT SRR

0) RRERFRZEGG BB AR 2R
3) 7Ok (k)

4) ENLREEREY > Y — B2k

ﬂ%@%ﬂﬁ@ﬁﬂﬂﬁm\—Wﬁﬂ%T\ﬂ%%w%%m%ﬁ%ébﬂ%ﬁTmﬁ
DABENECBRTRTH 2, ZDBBED—DIT L —FREBEN 52,
COBER. EMPNRETHERTELD, BETYASNEOREE2F, L —T
mmtm%%ﬁ%?5°~ﬁ\W@ﬁ@ﬁﬁﬁﬁ<‘%ém%wﬁﬁtﬁgﬁ%ﬁtw
EFHTMERZRET 20 LV, 22 TR4 1. 3ATBEES HEBEEF N
%%%E?vE)ﬁ?X?A%%%btoZ@&Z?AK&D%%@%%%ﬁ@ET%\
EEROYE BREVESITRD, BT AL, FEE. BERIIES. =
wﬁﬁﬁﬂmﬁﬁkzyal—&mgméoWﬁﬁ&@%%ﬁfu—f@ﬁ%-é%%
%%ﬁzkiﬁﬁﬂw%ETﬂwﬁéoﬁ¢®%%@5ﬁﬁ%%@3kﬁﬁ%ﬁf@%
T%oﬁﬁﬁjm—j®ﬁ3%%#6\E%ﬁ?ﬂﬁbt%%%%%?»@ﬁ%&é%
m%iéoﬁMT%&EEE@%WﬁﬁTﬁ%TéoWﬁﬁ@@m%&%%ﬁﬁb\%
BETNIZTwETT 3, :

W77 > brZBVTTY EXTEfTok&EZD, TOIAF ALY, KB~
%%E@@%+ﬁ%%%mh%T%\E%ﬁ%ﬁz%ﬁé%@?m@@é%ﬁT%to
IWWQ%%TWDK77>FAT?yE)ﬁﬁ%@%ﬁ%ﬂ%bt&l%ﬂwﬂﬁm
wﬁ%&%@toé%\7v5>ﬁ@@®§@&%\&Uﬁgwﬁi%&ﬁ?%%gm
B35,

[S\]



NRETRIBIBFRICBY 3 3 kTR TRESE W B B RIR

OFFITE— 0. AHET 0. HREKED, ZHET Y, DHRAID. 8)iE—o
HAESE ), PRI ), TR, FAR—

1) RAELTER K35 A S ER L
2) 7oAkt

3) 127 ALGREH

4) EYREERY >S5 — BEDEL

5) B REKZ T4 AR

ECDIZ : W%@%T“ﬁ@ﬂé?';%ﬂﬂ??/ﬁ%‘:%ﬁ?%f:@@?ﬁiﬁi%’fﬁﬁﬂibﬁi‘ WET - Ik
FRRITBREICEET 2 FEOHE 607 & SIBETFENABEREERT B0 DTR
YATLINEETH D, AP TIL. 3 RuBEHEEGRERETIC, WEOFENES~ D
MEGOARE) ERRT 2 HIc O THET 2,

HiE GEREIRR AT AT 3 RICERE W ER W B (prosound o 10, ALOKA) & FifrJ
EY—2a i 27 AEREFEKX - HZ - Infocom)iz L DL = 2, Wiz g Lz
3 RIS W E RN 5 EKEH M L. = DRI Z Rl R E@ D 5 OIEBEIZ & 0 #IsME L7~
ﬁ%?vjéﬁﬁb\TE?—93>@ELKﬁ5—7v7§%§%?éC&TE@%E
MBS DIEREREREFIREIC Lz, =5 47, BRI EEFR P AR S T 1 148 U PR ks
BN ESY —2 3 VEETHRRET3 - & WARAIRETH 20T, BEE<TY 7ORT) 7175
Osek- 352 i el THEX TOREZ S5 CRE T L-,
MR:Ua>TAT 7 MAZEIBBICASITAERICREBL, Ty VNN /Y Wi
TA1CERBSETEBRT 2520 %, FE4 A~ g OB EEHAOEHETH S/, FE
T—3 3 Rk, EEINRSEET 228 L 205 7 7 > R LEXTOHEBEEZICLVE
BANCHERT 52 EARRES 5 7=,

(W]



KIRER L85
REEH LR 2 &5-3-51

RIRRELR T REBABRE L &7 —
/NRSR

LS DY RN P T

i 7840
Fax:0725-56-5682
F-2> http://fetus. umin. jp/



Zyiarvi HEH
6. TTTS IZ%t43 FLPC DD DL —F — IR EE D B AL

8RO, A2 R Y, BRER Y, ERET REAK Y, ESEN Y FLRE
P WTHEIE 9, F2Eg

WITBIEA BARF AR . T I ARASH D BTV,
HHREY EREEEE 5

L%"%)ﬂﬂé‘lﬁsﬁ?ﬁlﬁlfiﬁﬁ@TTS)&:i‘ﬂ‘t\ BTN EMB I D bL. EREBECZS H
ERRIRET Héﬁ%é\mﬁl/~4f~7£%%T(PLPC)%W‘E‘E&#‘N:&\ I IRABEERL —
—PREEE (AT 74 23 —) DBAFEEAT>TUNB™

[ B8 ]EHTit, :hi“ﬂ:ﬁ%ﬂfbfcf@é\@%774/*‘;<::'~7°°/7«'?NC\ DRt ETOREEE
FHHIEEEE . 2)1&%‘5%11&%"@Iﬁl?;’ﬁ?‘ﬁﬁﬂ%ﬁ‘é&ﬁﬁﬂ?‘éjﬂﬂlob\“Ciféé%‘?fb\ in VivoEBRIZ TFOH
MR FERR LT,

[75‘71*5197/1/574A0>EE%E§+?,HU&Uﬁuﬁ%ﬂﬂﬂ%ﬁwm\ FEEL—H—HIC LA M OL
~—4)“‘»~%%J\?iﬁf%m?/ﬁ§+?ﬂwﬁ%ﬁﬁkﬁ‘éFﬁﬁ&@n’u?ﬁi?r?ﬂﬂi%ﬁ%zt:yx-?Am%ﬁﬁiAMfo z
PUTEY AR B, MR B MFERE, £ HKBOHBE TR LT, T/, IORNE
ﬂ"ﬁ%)ﬁv\51&’6%%&’6‘0)%%%%@%7‘:0

[# R ]in vivo ICTERDB R S 36°CEBEDARIZEL . FBRIED &1 30W DL—+— %
3 MRIRBHLE, %0)%5%\.1/~4f~ﬁﬁ§¢'43KE@@%%%?TI/\7‘0&753‘69711/57/(A&:b%i’9)§%§7ﬁ
B 22 L TRE Tl oz, ASER% BERIL T &%= ( ruza—rcmaL . L—F 1
CEDMERDIHG 1mm 235 0.28mm (1/3 LURNZUTHEL . DIk L OB b Res iz, &
7o BESOERAL O 1t AT T MG D M B I MIE DR EY . 1 3 B0 AS D
0.94mm (ZETHERT B LHBAL D LT o, — 5 V=PRI OB E DL — R
B -4 BZ 81000 . 5~20mm ®§’é@'6‘ﬂ%ﬁa'ﬁﬂﬁif‘0)ﬁ%ﬁﬁﬁﬂZ)§UT/V§7/(A&CH§E<‘:@Z>
e RER LU, X6z, m?fi@ﬁ/y&zﬁ{%ﬁo)&%ﬁE%E’a&:#ﬁﬁ“@%f:o UlEIy BEEH
TTANRRI=F L RF ADRBIC LY. OE& B OERE A, Gyl @OL—+—88
FEs — AL RIZ4FUN, BIELIIRRR TR B LS5,

34




LA e

Tyl arll e
7. ﬂﬂé%ﬁiﬁmﬁ{%‘ﬂmﬁéﬁéﬁﬁgéEﬂi&a‘ét&)@f&i&%“%ﬁ%ﬁﬂ“/f~ywvx—m

: Eﬁﬁ%@ﬂki%%iﬁ@ﬂ%ﬁ%@i P TuARRKEY, AT ra R LR
"RRREREGTERFEH, EVHEERE. 7 — S5k

PRFE—, kBT, BRE B, B4 A B, ) e
TIE B, (PR W, EART — BB, FaEmm

n’ruzsm::mﬁ&‘i%ﬂnﬁ{%ﬁ@v—ﬂéﬁmm\ﬂi\ P RITREDOHE W NESEEF O,
Bﬁﬁ#ﬁ%@ﬂjﬁu%@i&#étb@:Bﬁﬁ«@ﬁﬁ%%ﬁ@%ﬁ%mtfé:&bi‘%ﬂ%énéo AEF
ETIL, ?E’W’C‘OﬂﬁﬁﬁﬁGlmufﬁﬁﬁ@fg%ﬁ%ﬁ%ﬁbx RRE R B Bl B %Y R — 3
57‘:&5@%?1,1/\+t“/f~vayyz%A®Bﬁ§§%??ofco

FHik AR RF AT 3 R E W E G2 W B (prosound o 10, ALOKA)L FEf5F v 4 — gy
AT MERELFE K- &« Infocom)iZ L0 HER &S NLB, FW s —sar v x5 M3zt 3
R ITAL B #0418 (PolarisVicra. NDDIZ &0 EZe B D BT B2 2L, Hig L EZEMCOMRA
03{\1‘%@/%%}%?‘?1/\E@L&:ﬁﬁ{iﬁ%ﬁﬁ?éo B DR F T OB & By
DEBBNRRT B0, i Ic BB~ 3 ROTBE W EEROEKESRA L. - 08
iﬁ%ﬂé‘%iﬁ?ﬁ%w%ﬁﬁﬁcctD%&iﬁ:}ﬂ:u‘:ﬁﬁﬁﬁ?‘y?‘%{’ﬁﬁib\ TS~ a B keSS —=
y7°§§:i%ﬁ<ﬁ‘é:k’@ﬁ@ﬂ@fiﬂé‘z§#B@EE%EEEEE\%FI%‘E&Zl/f:., EBIZ, R E e
S EE &:&ﬁb@ﬁ%ﬁ%ﬁ%ﬁ%&C*ft“ff“_v;n‘/ﬁﬁ’éﬁﬁzﬁ‘é:&#iKﬂﬁE“G‘&béOD'C\ FERE~
“/7°0)%:£U7’L:}ﬁ:?ljf:%‘%%%%‘félk’éﬂé‘ﬁi’éODEE%ﬁ%%%'G?&?&FI BEIZ L7,
,’ﬁ:%:VU:‘/:f‘A77‘/bA%Bé*%c:ﬁﬁf7k%W&:%A%EL\ T b BTSN T A R R
RETBRTHLAI%, F U5 —a A EHFR DG TIT o7, T &~ o PR
Eﬁﬂil:lW*Eﬁ@ﬁ%&?ﬁumi677‘/bAi‘C‘@EE%’E%%&:ot@%%H’Jt:iﬂiﬁﬁﬁ‘é:&zﬁfﬁa
7207,

AR FIURE M55/ R L DBt [EeEL REPPRETIRBL — PR EEL» S 12
TOTES —a v xF AR R, TN T B AR BB B AR R LT
DTENRIBE NI,

35



2A1-G08

BERBEREREFLZENLE LERyFRAZES 4 VB d 5 e
~UAYEEIC LR E Ry FEPE 2 2 AEHBDORE~

Basic research on a robotic patch-stabilizer for minimally invasive fetal surgery
~ Experimental force control of a prototype using wire driven mechanism~
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The clinical target of this study is intrauterine patch coverage of fetal myelomeningocele. The collagen
patch is supposed to be stabilized onto the fragile fetal tissue during the laser fixation process. In this paper, a
robotic patch stabilizer using wire driven mechanism(2 D.O.F, Max bending angle is 45[deg]) has been
developed for precise force control on the patch without damaging fetal tissue. The diameter of the stabilizer’s
shaft is 2.4[mm] and the length of the stabilizing part is 60[mm)].The driving wires are moved using an ultrasonic
motor while the tension of the wires is measured using a force sensor. The stabilizing force was estimated by the
wire tension with 3.5 % error between the estimated value and the measured value. The future work is to control
the stabilizing force using a phantom of fetal fragility.

Key word: Minimally invasive surgery, Wire driven robot, Fetal surgery

1. #E (2) Fixdsr L LimiEiR 20~25 BB IRIZ BT 5 HEE8EE
UTEE, BE W MRI BHTHEEE L NIEEE: & DI ER O B0 BER (B 40[mm)~60[mm]) ZIPE X BT LA ATREL T 5720,
BIZLY, BOTRMICBREERABRENS L3k o, S OEEIT 60[mm]LL L

TDI BV OPORBIZHLTIE, FEEBC ST &R ) BRBOMBIZIVRIETAFBAR—ISIRES D7D,
GIRHER %> b HTR 2 1EA L CHMBHER 217 5 IR12 5804 1R 450 T Fa—F AR ERELETHIL
fibh, BRERBFENTVWB[I (4) FARPIZRETDIRREREDNEST, 2OoREEELEE

FRRCTHERE LTV B HHMEETIX, BREOXE L LW A TRy F 2 S B85
FRHEOEERARSICL VHENRBHLTEY, A%R0OMST
EHOEEDRE & 25, tAEFEL LTI, HES TOM, 3. AZETA FOBR
BEE —REIREEIDIZ, Ry F (BRERETSL— 1) BIELERZ VT4V ER 1, K207,
BT IFWHERH B, BB TY T F RO MR . Tension sensor
WERATRy FEMZ O, L—FECEENLT S 7%
AT LABEREIN TV B[2).

AHIEIE, MBRABEETV, o FEREZ230 (4%
BBV S HDR LT A FOREETBENE LTW5A, AR
B, MHBRRREE EIC Ry F 2 S 2 3 HDBRECHIE
ETHD. BNTELYL2ERTAIZI LIRS LFELL AR

T VD, EMEONYERMERTE R, £1T, KA TSpay ¥ Utrasniemtor S
3 : HiE el = i
Bon SEBET A YORNEMES 22 LIk Y , JEHE Fig. 1 The tip of the Stabilizer Fig.2 Drive Unit

PHBEFEZ BNERECE DAY 5 A FOMBIEETo
7. . - .- . .

L ) BIELEASY EFAHI, 7V M U4 TEE S
ETERAEDD 2 EREOREBENEL, 2055 | %%gt ﬁ—w;a4yhﬁwlﬁﬁ%ﬁﬁéckﬁ,ﬁ
HREICOVCRMET oL KU, EREIIBBLANT b s e s s ey 2 8 R K
CTETATORIOBREBMBRIETREL, TOHE THED, 1 BREICOVTEMET 7. EE S[mm|08

REEL T BA MO D= LZRES LS, REESAFD 4T ko
. BEEZ 24[mm), BRIZLERTEIZES A FEREBETIIEX
2 AFETA T OERIR 18 24[mm], & 1S[mm]& L. BEPEEILK 40-60[mm] &

() PRORED SEOLMEEFD S0, WRAOEE 23 0n 2 =505 q RO ST 60[mm]IHELL
SmmDERT—VIBATETHEIL, IV T MESEE 5 T, FATHARBIL Y, S00PaLl TOATRE 22115
2 4tmm] 2O, BREBEZRELEVC LSRESATLEDT

[No. 07-2] Proceedings of the 2007 JSME Conference on Robotics and Mechatronics. Akita. Japan. Mav 10-12. 2007



