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SCALING METHOD OF FORCE FEEDBACK FOR LAPAROSCOPIC SURGICAL ROBOT
USING DYNAMICS OF FORCEPS TIP

FIT FH R R
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In this study, a new scaling method for force feedback is proposed for the surgical robot developed in our
laboratory, incorporating an analysis of the shaft of the forceps based on beam theory. A six-axis force and
torque sensor is attached to the base parts of the forceps manipulator of the surgical robot to detect a force
which is added at the tip or shaft part of the forceps. Then, the detected force is amplified using the proposed
scaling method and the amplified force is realized through the haptic device Omega.7. Experiments were
carried out to verify an effectiveness of the proposed scaling method. The results showed that the operator of
the surgical robot can sense a small force which was added to the forceps more clearly and quickly compared

with that realized when the conventional constant scaling method is used.
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Fig. 3  Forceps manipulator for SPS
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Fig. 4  Manipulations of Omega.7 and forceps manipulator

4. hET4—Knvy
(1) FHEBORY MZBITE2HAET1—FRvH
BfE, ERALEN TV RiXEr Ry NIRRT
S — KRy ZHRET b b, T~ =t o L — X i
TP & FE> T D, FiEfith T 20 % Rits
AR Z DHEEEN 2. ZF LT, ZOMEEENR VDI fiE
WERET O R EOERFEFERLLRESNTEY, FFX
ARy FRARIZEB T IREDO—DIZR > TN 5. [k
T SPS O FIZEa R v MW TrAR Y b
BEEIZ 74— RNy 7 ENDZENREELWIREL



T, TR O IR Ol s &l A 72 BE O R ),
BT S0 Ol I iR 7 BR O BEfR ), BT ClidiEs &
HE L - B8 R I 0 D AT B G.
BEHICE L TR 7 4 — KXy 70, BRI STk
[LIBHE LTV B2, A7 T feimis L O
EHTHERIC DD IO IR T 4 — Ry Z7ICEHTS.
BEIZBA%E L7z SPS S 7~ =t = L — % O#i O ITIC
AT 68 775 & o H-—Minid0 % B Y 1) (Fig.54),
B JCIm R £ MR IS 0 B A AR L, 5
PLRBERERT A 1T XA 2 Omega.7 24 LT, wRy Mg
EHECHRERT S, Zucky, itf~=raL—%
DZT T NEBEEIBEZEL TR 7 — Ry 7 25E
B9 5. Figh IctrickiT 2 iokEy > 7 L Omega.?
~ONFET 4 — Ry 7 OIS ZRT. #Cic# 5 3
B4 J) % Omega.7 O FAT 3T FEHS 5.

Six-axis force and torque

Force feedback

Fig. 5  Force sensing and its realization in Omega.7
(2) 6 @AE LY —Minid0 DEAT T

Fig.6 1= ATI #L8Uo 6 il /)5 o Y-—Minid0 D2 {K[X] &
YU —THETELHE MV OFERT. ZOk
VY —ENB SNBSS —VIC LY, B —IERRIC
BT T2 BRI D EAT 3 D& EnEihoi
FHInOEEE V7 AT 52 ERTES.

Fig.6  Mini40 and measurable force and torque
SCEk[12] T, 6 i o — & #it - SeEmI B T T
WA, Minid0 IEMREOHLAHZEZ 5 TWDHTE®,
Z A oA L CEIORTTH IR (T 5 2 &
MNTED., LoT, BEOKANICERW B —% AN
FNZEE T el & 7 T Ic 24 i A i3 A 2 &
MNT&5. Fig7lz6 iRt y—atr~=t'=21—
ZZBAT T =BT N E2R/T. 75 ORI TWSHE
ROEE GR) O ofihZ @ LT Minid0 O BIE &R
FHENCHY 11T 5. Minid0 (X7 > 7 VRO (F) &
BOROER (48) 12K SRl s T~ =t
= L—HZIZEE L.

Plate part

Angle part —

lange-type cylinder part

Sensor
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Fig. 21 Experiment for verification of superiority
Table 1  Experimental results
Subject A Subject B

Number |Constant Proposed Constant Proposed
of times |scaling [secl|scaling [sec]|scaling [sec] |scaling [sec]
1 451 3.68 4.85 2.58
2 7.90 3.80 4.22 2.93
3 5.68 3.81 5.09 243
4 7.05 2.30 5.41 3.23
5 473 2.85 467 2217
6 6.61 3.23 4.46 3.19
7 7.20 3.05 4.90 3.30
8 7.93 3.11 479 3.26
9 6.61 255 4.33 4.24
10 4.90 278 4.75 3.52
Average 6.31 3.12 4.75 3.10
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