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ERCP (Endoscopic Retrograde Cholangiopancreatography) is a common procedure used to diagnose and treat biliary and
pancreatic diseases. However, the repeated exposure to X-ray radiation during these procedures poses health risks to
surgeons. Teleoperation systems can help reduce this exposure, but they face challenges such as the lack of force
feedback and differences between the master device's mechanisms and the movements of surgical tools, which can
diminish surgical precision. This study aimed to develop a master device with force feedback specifically for teleoperated
ERCP guidewire insertion, drawing inspiration from the natural hand movements of surgeons. The device includes a ring-
shaped translation control handle and a rotation control handle, both designed to allow unlimited movement, thereby
intuitively replicating the operation of the guidewire. A force feedback system was incorporated to enable collision detection
and prevent potential injuries during procedures. Experimental results showed that the proposed system enhances control
precision, reduces handling inertia, and provides effective force feedback. These advancements ensure safer and more
accurate guidewire manipulation, addressing key limitations of existing teleoperation systems. Ultimately, this device not only
minimizes radiation exposure for surgeons but also facilitates intuitive and precise teleoperated ERCP procedures.
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Fig. 1 Guidewire usage for finding path to target
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Fig. 2 Guidewire translation with the surgeon’s hand
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Fig. 4 Comparison of guidewire insertion and translation control
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Fig. 5 Comparison of guidewire rotation and translation control
handle
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Fig. 6 Comparison of manipulating the guidewire and control
mechanism of the translation and rotation control handles
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Table 1 Inertia of each component

Inertia Inertia measured
kgmnr’] Gear ratio from handle
& Lkgmnr’]
Motor 506 1:1 506
Motor side shaft 0.44 1:1 0.44
Timing pulley 33.76 1:1 33.76
(18 mm)
Timing pulley )
(48 mm) 1.0 1:2.67 0.15
Pulley shaft 0.54 1:2.67 0.08
Belt pulley 37.54 1:2.67 5.75
FHE Ao 2(5)eF ol & & Ut
2
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Fig. 9 Block diagram of the teleoperation system
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Fig. 10 Master device used for wire control
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Fig. 11 Experiment setting for measurement of wire’s position
controlled by master device, controller
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Fig. 12 Position comparison of master device and slave device
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Tool distance of Master device and Linear controller

Position (mm)

Time (s)

Fig. 14 Position comparison by time of master device and linear
controller
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Torque and force measurement comparison
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Fig. 18 Target torque and measured torque from the translation
control handle comparison when the handle is steady

Table 2 RSME of each target torque

Target Torque RMSE RMSE/target
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200 9.47 4.7
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600 10.09 1.7
800 3591 45
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Average 17.44 33
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Fig. 20 Experiment setting and components for ERCP procedure
replication
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