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Fig.2-5 Cross section of gelatin model. Manipulator could
remove tissue through one incision on the urethra model.
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i. . 2:00F2 Bording Mecranism Sommmmmmemeend
05mm '
Fig. 3-1-1 Shape of bipolar electrode on the Multi-DOFs forceps ~ becmmeememmenn OO0 X0 :
blades. Material of electrode is nickel overlaid with gold. Fig. 3-1-2 System configuration of the bipolar electric scalpel

manipulator.

Instrument channel
Air tube channel

VIEW.,

Fig: 2-1 Mechanism to switch rigid and flexible: a) flexible Gimbal
mode. b) rigid mode. ’

Fig.3-1 End effector of the manipulator Fig3-2 be Positioning Manipulator
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Intersecting point

Fig. 4-1 1-DOF bending mechanism driven by wire-gnided
linkage driving method.
Guide Wire x 2

Section View
Fig. 4-2 Architecture of miniature 2-DOFs bending mechan-
1SIm.
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Fig. 44 System configuration of the bipolar electric scalpel
bending forceps manipulator.
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Fig. 47 Outer sheath model: a) cross section image. b) side
view. ¢) Image that the sheath makes three dimensional
curves
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End effoctor

Fig9 (a) Prostate resection device with an end effector and the driv-
ing unit. (b) End effector of the resection device and cutter. The bend-
ing 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.
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Fig.5-2 The outer sheath prototype
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Fig.5-3 Ablator

to be inserted
into urethra

Fig.5-4 Ablator on the manipulator
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Fig. 5 Repeatability and hysteresis characteristics in the hori-
zontal bending mechanism.
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Fig. 6 Response characteristic in the horizontal bending me-
chanism.
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DRIEEAT> Tz, BREBRITIZRABEOED 13 12
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(Table 1).
=1 BEHE LS.
Table 1 Generated power and torque.

DOF Direction  Power [kgf]  Torque [mNm]
Horizontal ~ 0to 90° 0.70 118.6

0o -90° 0.85 144.1
Vertical 010 90° 040 165.7

0to -90° 0.50 207.1
Grasp Close 0.85 60.8

- 111 -



C. 2. ==L —% Invivo E8&R
RSOV FEHT RS F & L COERML2THET 2729,
SHETICTEW (7%, 43kg, #) ZAVIBEEREHTE
WiaiTo7- Fig. 7). Av=tal—FIZLBBEEDI]
ElDORIRICE U /-B5 811 26.9£7.1 [sec], by —o
FANSBFEOURRE T E CICE LBt 4 m 30 s
ThoT-.

© )
7 MEEFHHFNOMERERE. (AREHE B/
BEOT~D%BL. (OFt&RIC K DEEREE. (D)IESE
FHIBE.
Fig. 7 Laparoscopic view of cholecystectomy with 3-DOFs
forceps manipulator. (A)Detachment of the bile duct.
(B)Letting a thread under the bile duct. (C)Stitch and ligation
of the bile duct. (D)Detachment of the gallbladder
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Table2-1 Accuracy of each degree-of-freedom.

HHE HE
7 — ST 0.5 deg.
FHoF—A 0.2 mm
AT 4EEE 0.7 deg.
Table2-2 Resection performance of manipulator.
BB 589.2 mm’
PROEIREH 3.7 mm

(b)

Fig. 4 Vignetting.
(a) View angle = 70deg

(b)View angle = 55 deg

o ¥ ¢ i PN

Fig. 3-1-3 Sealing mesenteric blood vesscls. (A): Ablation of

vessels with 2-DOFs bending motion of the bipolar electric scal-
pel manipulator. (B) and (C): Confirming vascular occlusion with
cutting ablated tissue.
(1) fRfBHE
Fig2-5 IO FHMGEERIER T v — b 2 RG>
5 50mm OFEICEE, REBEL, BEFOERESHHL
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> i30mm
SININZ.

) 105mm )
Pattern (3x5mm-~30x30mm)
Fig2-5 Resolution measurement chart.
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~ Local Field of View

Fig2-6 Distortion measurement chart.

Table2-3 Distortion measurement.

at local field of view

Center Edge
Global Center 1.00 (A) 0.96 (B)

field of view | Edge 0.87 (C) 0.60 (D)

Dly Aspect ratio(x/y) of square
X

Without wedge prism 1.00 0.96
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Fig. 3-2-3 Relation between torque and air pressure.
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Fig.3-3-3 Coagulation of porcine soft tissue
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Fig. 4-10 Hysteresis curves of bending motion between +90 degrees in
the bipolar electric scalpel forceps manipulator (N =5).

Table 4-1 Bending characteristics of the bipolar electric scalpel
forceps manipulator (N =5).

DOF Base-side Tip-side
Range -716~823°  —629~459°

Repeatability 04+04° 1.1+£0.8°
Tip's accuracy 0.2+ 0.3 mm 03+£02mm
Hysteresis error  lessthan 8.8°  less than 18.8°

C.12 In vivo =&

75 (38kg, AR) - In vivo EBRTIL, A
R—FREKA RAE#EF~= =2 L—F ZHVTH
BE~DO7 Fa—F%{T2o7. a7F¥a2b—F

(MIZUHO Co., Ltd., MICRO-3Plus) DEXEIL, AFEL
IMHz GERMIRIIERSR), H) 20W, BEXIEREZ Isec
L, MEFZETHEBROEE, Wi EAZERES DR
%772 -7 (Fig.4-11). F7=, EHE LMo
MEBREIT2V, HAOBRE I ERELITR X 548
HEETHZ L EHERLEN, BFELEE LB TV
— FMIEIZ LY, EOEBRMRICETOIZb 2 AR,
b= (Fig.4-12).
Table 4-2 Generated force and torque of the bipolar electric
scalpel forceps manipulator (N = 10).

N Tip's Force Torque

DOF Direction IN] [Nmm]
Vertical 0to+90° 6.61+£035 253.5+134
0to—90° 6.28+035 240.8+13.7
Horizontal Oto+90° 1.82+0.04 41.50+0.96
0to-90° 1.89+0.14 43.19+3.18
Forceps Close 370+£0.19 29.54+1.50
Open 479+0.38 3826+ 3.06

o ead

Fig. 4-11 Sealing another mesenteric part including blood
vessels. (A) and (B) Coagulating both ends of the vessel with
2-DOFs bending motion. (C) and (D) Confiming blood ves-
sels’” occlusion by cutting middle part of the coagulated both
ends.

Fig.4- 12 Cutting surface of coagulated mesenteric tissue in-
cluding 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.

C2 FiiT A AFHE L BEENER DR
C2.1 HEOBMEEmER
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BIE~DFEAZ R T2, T ORERE il 4425 50mm LA E
DER THIINEEBRHEAT D Z ENFRETH o 7.
F-EREADBICEZ Y 5 BoMkic L HHEERKRIR DS
VEBRIZBW T H e tiEE 2 VW5 Z ¢ TH
RIDERZFER L THRASE S Z ¢ BTRETH - - (Fig.
4-13).

C22 Invivo E&

i (74, 38kg, A R) 2EMA L COFHEEIT- 7=
SEIDOFERTIIRIET TITV, P RGHZ 0 BIE
Bv=btaL—2 %A, BERTHHLHMAINZAR
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12317 B FFEERI L O BRRE R URERE DR RR AR oD i &
B & DBRRI~DAEE DEAZRHT-. Fig. 4-14 IZHN

Fig. 4-13 The sheath went through the branched route select-
ing the curved course

Fig. 4-14 Images of in vivo experiment. The sheath went into

the gap between liver and diaphragm.
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Fig.5-5 Bending angle & load in flexible mode
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Fig.5-6 Bending angle & load in rigid mode
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MRI SHiAEIZBI 3 58E@ E LT, MRI H> DAL
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BYEL - =t a L—F AV TERR X OYKRE

BEIToT. FERIZIIRNIIR Y 7 > b A& LTT ZHEAH

Outer sheath Outer sheath

(@) (b ©
Fig.5-7 Measurement result about MRI image distor-
tion: a) the image with outer sheath. b) the image only

phantom. c) subtraction (a)-(b)

Table 5-8 Average and standard deviation of Sig-
nal-to-Noise ratio and decreasing ratio.

evaluated value

S/N ratio S/N decreasing ratio (%)

Scan condition Only phantom 73.9240.17

‘With outer sheath 70.74+0.20 43120.11
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