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Improvement of Operability of IVR Robot by Inverse Kinematics
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There is a surgical method called Interventional Radiology (IVR). We have been developing
surgery support robot of IVR. IVR has the advantage that invasiveness is low, therefore the
number of IVR surgery has been increasing in recent years. In lung cancer treatments, however,
it has the problem that doctors are exposed to radiation because IVR is conducted in CT
equipment. The purpose of this study is to avoid the problem by operating remote steerable
IVR robot. IVR robot with 5 DOF have been developed in the prior study. Previously, each
joint was controlled independently. Therefore, when the posture of needle is changed, the position
also should be corrected manually. To improve operability of IVR robot, the forward kinematics
and the inverse kinematics is solved. Finally, accuracy of needle tip position is evaluated.
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Fig.4 Produced end effector
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Table 2 Parameter of IVR robot

parameter value
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lg 0.1984[m]

3.2 HEHE

WA WIEBN AT 2 1DV TR D, F 9 BT E RS
LTHEZ L—LA E* #3%E L, EEEIEND EX ~DRIRE
1751 °Tpe % ZXY A F—f & x, y, 2z ZMOTET.

X (1) & OTp- L TEIAT DL, 07 L— A bEHENT
B TORREBITIIN OT g &2 570D DH /8T A — &3
Bond. BbFEENLEON—R =y MIMIFTEET S
ZEnn g ZREENE L, DH /NT A —X & i iiEsh 4 R <
ERIRTATREIND.

g2 = Atan2 (s02, cf2) 9)
g3 = & — Q2 (10)
gs = siny(lg — dg) (11)

gs =2—q —dgcosy— (liz +l10 + l11)

+ % tan(90° — 6s) (12)
gs =2z —q1 —dgcosy — (li2 + l1o + l11)

— 13 tan(90° — 05) (13)

7zl
cly = 7937(”32‘?57)60‘ (14)
0 = v=lontdpm)e (15)
dp = as*xcafysaﬁL\/(mZO;ersa)Q*x27y2+a§ (16)

Thb.

4 FHERTL
TR T =27 ZORIIFEEM 6 DL HICERIND. FEL
x* = [z* 9", 25, o, 5%, 7T X B RS, ¢ = [¢f, ¢t @3]
T EREREHIAEE, q = [Q4,q5,Q6]T ZEARAEE, T = [7'477'577'6]T
ITE—XDOREM T THD. HlHHPCHLAEELZ~ A 2
WCEFEL, = a—FOEnbEoNBEME & ORAEICE -
T PLHIHAEIT 5. HIEBNIKROKXO L HlcRENS.

T=kp@*—®+kﬁ/m*—®dt (17)

T2 L, kp (BT A ATHN, ks BHG T A ATHITH S,

e T q

a +
Inverse Controller End effector

Kinematics ‘ _

Fig.6 Controll system of end effector

[Laser sensor |
S 4.

(a) Laser sensor and arm of
IVR robot

(b) Rotation of laser sensor

Fig.7 Experimental environment

«1{ Needle

Ay

AY —

Needle tip

Fig.8 Needle image captured by LED image sensor
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(a) xz plane experiment (b) yz plane experiment

Fig.9 Superimposed needle image
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Fig.10 Detected needle tip position on xz plane
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