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DEFHENLEFT TR R 72 77 BO+54
BF v RINERRETERWN. FITY BB
LEREBIEEERE, VI YO—TICL B ZEH T
L —ARDE O IEEREEAS DY H /2 E
BHEEEZRLE. Fig 1IRTLDIE, 3207 —
A, 2 DO, 120U U8, FLT24H80TA1
Yo—7l2kV, £90° OEMHEHEEZE T HESH
I EBHEMERETH TS, LIREID Framel &iRITA
@ Frame3 12, FHNENEDHINE SN NE
AT, HEIO Frame2 LD EFHEETINS. Frame2
Yy EEREN, UVIDATA REFBICES
T, WITAD Fram3 I L T+45° ORI THEERE N
2. ZOD&EEHWAO Framel H Frame3 I U TH

WOMIE S ERNSEE L TE&RND, Frame2
EEICAERTEERT 520, G5 T+290° OEH
AEEZBZIENTES. £, BHEEFIC
Framel & Frame3 O MRS TH L 2% 0 &BH1ET
50, M7 L—LE2EXOTATYO—-TITLD,
BVWORICROERESEDDERKTS. 2 £OD
JAYO—T72HN5IET, £AEAROEHENE
KBTREDEZHS ZENTES. EROTVEL
BT ERD, U4 v0—T7H B3R hERERCHE
95 I ENBNWED, BDELOBMEECKE
RFEENEBZWEEIT, HUCHERELCITL L,
JE H DRRIEDF BT S N D ERMEAV/NE W,
Intersecting point

Wire-rope x2 X Fixed point

Framel

Frame3

90° 45° 0° -45° -90°
Fig. 1 1-DOF bending mechanism driven by wire-guided
linkage driving method.

I 1 HEERMEEEIB N2 DEET S
ZET, EEEKEAHFICEMAIAER 2 BHERS
BEZERELE. 2 Z0U > I7DAT1 REBFDOH
Eo T2 HHEOHMBEEZRET 50, #ICHE
Al dh R 2 BB 5B A1, EiARNEI0
b5 Frame3 I2BWTY > 7 OEEFRZ 90°
S5THEND D, 2 BEEGA SRR a1
CRENTDHIET, M EHERBREEE
BLTW5S. SumflEdEEKEERiE, Eoas
HEZEERRCEDYT, Y22l —FD%
WMEICHAAD I ET, AE S5 mm DN R—FE
ESAARHME T L —FZHIELZ (Fig.
2).

Guide Wirex2

Linkage for
S \/ Horizontal Bending
!

Frame5 \\\\‘ Linkage for :
3 \\\H} :\~ ¢ Vertical Bending
A N :

..................

Inner +
- % 2-axes

.~ Joint

Section View

Fig. 2 Architecture of miniature 2-DOFs bending
mechanism.
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FEANERNIREI BRI ENTES. EBEHEEBEROY
AV EBBMANDBEr—7ENTNRHETL—A
DOHFLDIERT Y FrRIIVEBLTBD, A
NE—UBHLBWEEELTVS,

CLOSE

Forceps Blade: Replaceable

Framel

Driving Wire

Electric Cable

Bipolar Electrode: Replaceable

Fig. 3 Mechanism of the bipolar electric scalpel forceps.
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BERA 72—, 2 HRERSOZDD
CUREBRTY VF o T EMEL, BERiA
EODANENIDT aA A5 4 v I T, HTFOHEE
BTy TEHOBEICTHRD. 2 70U >0
O L IR ZT o MhsD T 4 —
RNy 7ERETICLUZEREOHIEER WS, £
7=, BB A EENSEVEMET S & T,
RIS FMYEREF O A5 U S AEEENS AT
W3, YZEal—#Emflophfs s B
v RO 2 DIEERBICER aTRER & & U, 78T - #F
BOBPHELHEEEATIEETE TS, (Fig. 4)

_Bipolar Coagulator. i

Linear sensor Separable
Linear guide

Slide screw ‘
MUIEDOESERd:Effector S

i Forceps (Electrod‘
i : Joystick ¢

4 @5 mm § i
LTS 2-DOFs bending E
: Emergency button i

DC-Servomotor l

Conducting cable :

1557 mechanism

Bus bridge
AN

f Lapto N

! computer Servo amplifier

“DIO board 7
Power supply

AD/DA board

..................................................................

Fig. 4 System configuration of the bipolar electric
scalpel bending forceps manipulator.
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wANS ZHEDIZy M TEE SN TS (Fig. 6).
ERENH U1 VEEI SRS I & TRENERT BN,
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---- Tension wire
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Fig. 6 Wire mechanism to bend the head unit.
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(@)

(©
Fig. 7 Outer sheath model: a) cross section image. b)
side view. c) Image that the sheath makes three
dimensional curves
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TO—T7ORBHEDIE. 2 DO INIVEREICK
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Y UMEERRALRE. 5 &Y B4
Y 27 FTEICEETEE TH DR &7 B 1 hE
REBEDTEDHHETHD., TO—TOEED
EHRICBI L Tid s &Y > 7 OBEEEESY 1320

Manipulator Height

max 330mm :

220mm 220mm

Fig. 8 Overview of MR-Compatible Manipulator For HIFU
Thermotherapy inside the MRI gantry space

NIV TEEL, VU ZICNEAREIRRE & LT,
FEED ONIVOEERICE ST, TO—T OREEREfT
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Fig. 8 IZoR 9.
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Fig.9 (a) Prostate resection device with an end effector
and the driving unit. (b) End effector of the resection device
and cutter. The bending angle of the arm is 0 to 45 degrees.
Rotation angle of end effector is £180 degrees. (c) The tip of
the cutter with a drill and an electrode for cutting.

B4 FWHATNA A2l —4% D MRI &t
MR Compatibility D] L2 BIg L, JEREEMELS
STV Farz—FERWZORY bOERE
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BARENIZIE, S0 MR HREEERTS20I1C, F
BEMBNCIIRY TAF I Rl st 28 A L -,
¥, MENKELREFICEL T, ERESEM
BEAWE 2, BREERICE, EREE—S &L
TREBROBTET—IRY, BELHE - &H
HEFTIEREN—TZ I RS TE2ERALE.
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Fig. 10 Hysteresis curves of bending motion between *90

degrees in the bipolar electric scalpel forceps manipulator
N=35).

<fwHEE i E >
EWETITo B ERIL, 2 TENAOFEHER
Tfro7z. BEBRIIEFEERBIUERAKZEOE
MERTA R4 > Tiro 7z, BBRARIIT
S TR,

C. WHEEHER - EE
Cl ZHEIRSAY - ) 7 EERERL-FHOR
v NFINA ABEDOBF

C.1.1 MHEREFMGSEE

JER BB R 1 BT T, ERR OBRBN AT BEFIEH, IR,
BE, LATFYUIARDWTEELRTR-> =, HEih
BEHEIEIZ10° ZAAT, £90° MoFEthEHRE%
BORLTREWD, BEAEICHTSERAE S Mean
+ SD TREL, YoEal—¥ZEITFig. 101Ck
ATUABRELUTRUE. £/2, Tablel ICHIE
BREELDE. BHEHEICLDEITEETHD,
RICRERTREf S E A5 U S ABMEICR VT, &
sl OB B EEIETAOEMBBEICH L TE
WHEREZERLZ. — A THEMEREEY Y2l —
G R BICBITBIESDEIIONTIE, WTFho
TZEal—%, HREIZBWTbEWEEEEZRL,
EHBREL am LT OBRERBHATETH - 7=

Table 1 Bending characteristics of the bipolar electric
scalpel forceps manipulator (N =5).

DOF Base-side Tip-side

Range ~71.6~82.3°  ~62.9~45.9°
Repeatability 0.4 +£04° 1.1+£0.8°
Tip's accuracy 0.2+0.3 mm 0.3+0.2 mm

Hysteresis error  less than 8.8°  less than 18.8°

KRICEHEEDO L FEE~OHFmME, $HTFOREE
HENDOFRENEFMT 5720, YL —F4%E
WMTODRIEZTo /. BOENEFEENMSE R
JEEHL, HBRETable2ICE L0, LifAlOE
HEBREX D BRTAOEMEEREDFNLD K
TREHRS - BE MLV RES N, ET o
DWW TIE, FHEBOEFICEL -2 E T3
ZEERER LT,

Table 2 Generated force and torque of the bipolar
electric scalpel forceps manipulator (N = 10).

DOF Direction Tlp'a\l;]orce E\(I);?;E
Vertical  0t0+90° 6.61x035 253.5+13.4
0to-90° 6.28+0.35 240.8x13.7
Horizontal 0to +90° 1.82+0.04 41.50%0.96
0to-90° 1.89+0.14 43.19+3.18
Forceps Close 370019 29.54x1.50
Open 479+ 0.38 38.26 £3.06

C.1.2 In vivo EE&

7% (38kg, A RX) ERWZ Invivo EERTIE, N
AR—FRBEBIAZABHHFI_Eal—FZ2H0N
TBEE~NDY 7O0—F 27>/, I7Fal—
%4 (MIZUHO Co., Ltd., MICRO-3Plus) DREIL, &
HE IMHz GERRIBIIERE), H7 20w, BEIRR
% 1sec & U, MEFSOHBOERE, WOICmERR
ERNWOFHMZEITIz o7 (Fig. 11). /=, BE L~
FEARIT I OB HE 21720, EROEECE
FREZRITRADENEET DI EEMABLEN, 1B
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BHLBELEBOT L —RMIBICKD, MO
HRICETORSDENRRSNE (Fig. 12).

Fig. 11 Sealing another mesenteric part including blood vessels.
(A) and (B) Coagulating both ends of the vessel with 2-DOFs
bending motion. (C) and (D) Confirming blood vessels’
occlusion by cutting middle part of the coagulated both ends.

Coagulated part

Fig. 12 Cutting surface of coagulated mesenteric tissue
including vessels. (A) Axial cross section of a vessel which is
the boundary between coagulated and not-coagulated parts. (B)
Tissue which was grasped and coagulated from the right side.
At forceps’ tip-side, the third vessel’s occlusion was not
completed.
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AE /D EASTRETH - I (Fig. 13).
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Z AT, Fig. 14 [CNEEN S BINEE DERET
DT ERT. ZORTRAEEDRRNRATSH
579, AEENEBESE TIIRAWEDICEEL T
WBZENBDHEND., ZOLDITHAEEZERET
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BEEICH DI NEHABES TS ZENFETH S
ZEERERRLE.

C3 FINA AFEOFR Y PRI URIIENABER
FINA ZORy bORFR
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ZEDIREINED, AT HEFE T O—T DR
207 Ko T E M B K B ERBI R O35 R ANAE
TH5.
MRI FISHEICBE ST 588 E LT, MRI A MUK
WHRELEZYZEaL—Y2REBL, BELRE
TO MR HE&O S/N L2 lL7z. SN EDOETI
BIN—E FUTTHD, REREADERINA
MMolz. TUTED, 14372 MR-Compatibility &4
TBHIEINREINT.

C32 RIS ABRBERIRY ol —F OB
HIBA 3¢
HELEZYZCa L —¥ 2 HWNTEEB IO
EREfTO . ERICEANE 7y > bAELTT
SRAZEAW:. BEERCBWTERKEROSE

Fig. 13 The sheath went through the branched route
selecting the curved course

Fig. 14 Images of in vivo experiment. The sheath went
into the gap between liver and diaphragm.
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