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Development of a Cardiac Catheter Remote Control Robot Platform for
Radiofrequency Ablation Intervention
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(Jun-Woo Park - Seung-Joon Song * Jung—Chan Lee - Hyuk Choi -+ Jung—Joo Lee - Jaesoon Choi)

Abstract - Radiofrequency ablation through cardiac catheterization is one of minimally invasive intervention procedures
used in drug resistant arrhythmia treatment. To facilitate more accurate and precise catheter navigation, systems for
robotic cardiac catheter navigation have been developed and commercialized. The authors have been developing a novel

robotic catheter navigation system. The system

a network-based master-slave

configuration 3-DOF

(Degree-Of-Freedom) robotic manipulator for operation with conventional cardiac ablation catheter. The catheter
manipulation motion is composed of the translation (forward/backward) and the roll movements of the catheter and knob
rotation for the catheter tip articulation. The master manipulator comprises an operator handle compartment for the knob
and the roll movement input, and a base platform for the translation movement input. The slave manipulator implements
a robotic catheter platform in which conventional cardiac catheter is mounted and the 3-DOF motions of the catheter are
controlled. The system software that runs on a realtime OS based PC, implements the master-slave motion
synchronization control in the robot system. The master-slave motion synchronization performance tested with step,
sinusoidal and arbitrarily varying motion commands showed satisfactory results with acceptable level of steady state
error. The developed system will be further improved through evaluation of safety and performance in in vitro and in

vivo tests.

Key Words : Cardiac catheter, Navigation, Arrhythmia, Master-slave robot, Teleoperation
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Operator Slave Robot

Haptic Master
Maniulator

N
g “\ e \

Joint-level Slave Robot

= -
=

Joint-level
controller

Inter-hbst

TEPIP or \’
S O
- Joint-level controller

Master : Commercial servo controller(EPOS, Maxon Motors Co., Swiss)
. System-level controller
-'0/5: Commercial RTOS(RT-LinuxPro, FSMLabs, U.S.A.) for master
- Hardware: IBM PC
- Inter-host communication
Ethernet: TCP/IPor UDP
- Joint interface
CAN(Controller Area Network)

Haptic Master

(b)

O3 1 AMAEe FHE: ) MAM JHEE 2 b) MM THE
Fig. 1 System configuration diagram: a) overall concept
diagram, b) detail configuration
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Inc. ¢} Hansen Medical, Inc.2] A&3l® AT F= =2
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Fig. 2 Ecternal views of the developed manipulators: a)
the master robot, b) the slave robot (A: the
translation motion, B: the roll motion, C: the knob
roll motion, D: the yaw and pitch motion of the
master handle, E: the translation motion of the
master handle, F: the master handle and the knob
roll and the handle roll motion)
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Fig. 3 Control signal flow diagram
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Fig. 4 The results of the translation joint position control
performance test (step input): At the step input of
26.5 mm, the response overshoot in the translation
joint was avg. 8.03 mm(30.3 %) with std. 0.163
mm, max. 825 mm, and min. 7.84 mm. The
settling time(the time until the response error
decreases under 2 %) was avg. 0.361 sec with
std. 0.0196 sec, max. 0.37 sec, and min. 0.29 sec.
When only the translation joint command was input,
the roll joint that has relatively low frictional
resistance showed spontaneous vibrative movement
less than 1 deg due to the overall vibration caused
by the translation joint movement, while no
significant movement was observed in the knob
joint that has high mechanical resistance in the
mechanism. (The graph displays one data set out
of total 16 data sets.)
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Fig. 5 The results of the translation joint position control
performance test (sinusoidal input): The traslation
joint position error was avg. 0.0141 mm with std.
0.0179 mm, positive max. 0.124 mm, and negative
max. -1.60 mm. When only the translation joint
command was input, the roll joint only showed
intermittent very minute jerk motion of 1 encoder
pulse order, while no significant movement was
observed in the knob joint. (The graph displays the
first 30 sec interval out of total 141 cycles, 563
sec.)
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Fig. 6 The results of the translation joint position control
performance test (arbitrary motion input): a) the
motion command and the response, b) the position
error
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£ A3 #@x 270 B x=(0.00185 0.0037 performance test (sinusoidal input): The roll joint

deg)el 2R AT AZS &elE 5 UJYpCH (HA|

position error was avg. 0.208 deg with std. 0.326
deg, positive max. 1.37 deg, and negative max.
-1.26 deg. When only the roll joint command was
input, the translation and the knob joints showed
intermittent very minute jerk motion of about 1
encoder pulse. (The graph displays the first 30 sec
interval out of total 35 cycles, 140 sec.)

16 2| £t Holgl & 1 3| 2¢F £A)

Fig. 7 The results of the roll joint position control
performance test (step input): At the step input of
75.7 deg, the response overshoot in the roll joint
was avg. 20.1 deg(26.5 %) with std. 7.31 deg, max.
29.4 deg, and min. 10.9 deg. The settling time was
avg. 0.231 sec with std. 0.0206 sec, max. 0.28 sec,
and min. 02 sec. When only the roll joint

spontaneous vibrative movement with width of 1 ~
2 encoder pulse(0.002 ~ 0.004 mm), while the
knob joint showed intermittent jerk motion of 1 ~ 2 -
encoder pulse(0.00185 ~ 0.0037 deg). (The graph -

2288 =3 Ao S Z0] 9]x] O %

command was input, the translation joint showed = T*HL TE ATE BT xd?f] A LA
= H 0.208 deg, EFHAF 0.326 deg, ¥ e 1.37
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Fig. 9 The results of the roll joint position control
performance test (arbitrary motion input): a) the
motion command and the response, b) the position
error
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Fig. 10 The results of the knob joint position control
performance test (step input): At the step input of
18.9 deg, the response overshoot in the knob joint
was avg. 1.51 deg(7.97 %) with std. 0.124 deg,
max. 1.78 deg, and min. 1.32 deg. The settling
time was avg. 0.084 sec with std. 0.0155 sec,
max. 0.1 sec, and min. 0.07 sec. When only the
knob joint command was input, the roll joint
showed spontaneous vibrative movement of about
1 deg, while no significant movement was
observed in the translation joint. (The graph
displays one data set out of total 15 data sets.)
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Fig. 11 The results of the knob joint position control
performance test (sinusoidal input): The knob joint
position error was avg. 0.0332 deg with std.
0.0466 deg, positive max. 0.231 deg, and negative
max. -0.187 deg. When only the knob joint
command was input, the translation and the knob
joints did not show significant movement. (The
graph displays the first 30 sec interval out of total
40 cycles, 160 sec.)
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motion command and the response, b) the
position error
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