NI LIV D) ERERVWVEREDRT 197 IVR DIRE
-ERHEO N L FRUBRERIER-

Proposal of a Minimally Invasive Robotic IVR Using a Parallel Link Mechanism
-Manufacture of a Basic Mechanism and Verification Experiment-
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There is a surgical method called Interventional Radiology(IVR) using CT equipment in the medical treatment of
lung cancer, a blood vessel, and so on. IVR has the advantage that invasiveness is low and the medical treatment in local
anesthesia is possible as compared with a laparotomy surgery. Therefore the number of IVR surgery has been increasing in
recent years. But, radiation exposure to doctors has been concerned in the current IVR since doctors conduct the treatment
using CT equipment. Thus, the IVR robot is developed in order to avoid the radioactive exposure to doctors. In this
research, a robot using a parallel link mechanism is developed from the viewpoints that hand accuracy and hand rigidity
are high and a motor can be arranged in the position separated from CT scanning plane.The dual delta-type parallel link is
proposed. It has the structure arranged the Delta-type parallel link mechanism with three degrees of freedom(DOF). First,
the arm which has offset of the axis in consideration of interference was designed. Secondly, inverse kinematics analysis of
a parallel link was conducted. Next, Delta-type parallel link mechanism with three DOF was manufactured. Finally, basic

motion of parallel link robot was confirmed.
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Fig. 1 Interventional radiology

Fig. 2 Concept of robotic IVR
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Fig. 3 Robotic IVR
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(a) Overall view

(b) Front view

(c) Top view

(d) Side view

Fig. 4 Dual delta-type parallel link
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Fig. 5 Structure of parallel link
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Table 1 Link parameter

Symbol Meaning Value
ai [mm] Length ofO—}81> 52
as [mm] Length of()—132> 81.88
as [mm] Length ofO—Bg,> 52
1 [mm] The 1st link length 150
l2 [mm] The 2nd link length 150
r1 [mm] Offset of 2nd link 20
ro [mm] | Offset from end-effector to joinf 44.5

Fig. 6 Delta-type parallel link mechanism with three DOF
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Fig. 7 Control system
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Fig. 8 Experiment for gravitatinal compensation

EBFERND T — AL o TREERHRTE WL 2 0D
b, Linl, K8@) &R Thnd LS ITHkEs LIzHalc
P EEIC LT VRERA LTV S, ARIOERTIE,
T—LDENEEBFELTCWRNED IO L) AidsEmnErTL
FolmbEZOND.

6.2 AEEILICK B FIEE DKL

T LIl X TR EMFFSERENS 0, & 63 &
+0.005[rad] " >Z (b S & TFRLRE 2 BFE L 7=, BliDFEER &
FUC LT A v BENTN kp=2.0, k=02 & L TEREIT-
7o, EBRAERAEZM 9 IR

35

3 /92
25 7
=) \
g 2 63
2
en
o 1s
<
1 /91
05
0 . .
0 50 100 150 200
Time[s]
(a) Angle
0.8
0.6
0.4
= 02
Z
34 0
=
g 0.2
B o
0.6
0.8
-1

0 50 100 150 200
Time[s]

(b) Torque

Fig. 9 Experiment for angular variation
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