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[ Abstract]  Objective To develop a robotic digestive endoscope system (RDES) and to evaluate
its feasibility, safety and control performance by experiments. Methods The RDES was designed based on
the master-slave control system, which consisted of 3 parts: the integrated endoscope, including a knob and
button robotic control system integrated with a gastroscope; the robotic mechanical arm system, including the
base and arm, as well as the endoscopic advance-retreat control device (force-feedback function was
designed) and the endoscopic axial rotation control device; the control console, including a master
manipulator and an image monitor. The operator sit far away from the endoscope and controlled the master
manipulator to bend the end of the endoscope and to control advance, retract and rotation of the endoscope.
The air supply, water supply, suction, figure fixing and motion scaling switching was realized by pressing
buttons on the master manipulator. In the endoscopy experiments performed on live pigs, 5 physicians each
were in the beginner and advanced groups. Each operator operated RDES and traditional endoscope (2
weeks interval) to perform porcine gastroscopy 6 times, comparing the examination time. In the experiment of
endoscopic circle drawing on the inner wall of the simulated stomach model, each operator in the two groups
operated RDES 1: 1 motion scaling, 5: 1 motion scaling and ordinary endoscope to complete endoscopic
circle drawing 6 times, comparing the completion time, accuracy (i.e. trajectory deviation) and workload.
Results RDES was operated normally with good force feedback function. All porcine in vivo gastroscopies
were successful, without mucosal injury, bleeding or perforation. In beginner and advanced groups, the
examination time of both RDES and ordinary endoscopy tended to decrease as the number of operations
increased, but the decrease in time was greater for operating RDES than for operating ordinary endoscope
(beginner group P=0.033; advanced group P=0.023). In the beginner group, the operators operating RDES
with 1:1 motion scaling or 5: 1 motion scaling to complete endoscopic circle drawing had shorter completion
time [1.68 (1.40, 2.17) min, 1.73 (1.47, 2.37) min VS 4.13 (2.27, 5.16) min, H=32.506, P<0.001], better
trajectory deviation (0.50+0.11 mm, 0.46+0.11 mm VS 0.82+0.26 mm, F=38.999, P<0.001], and less
workload [42.00 (30.00, 50.33) points, 43.33 (35.33, 54.00) points VS 52.67 (48.67, 63.33) points, H=20.056,
P<0.001] than operating ordinary endoscope. In the advanced group, the operators operating RDES with 1:1
or 5: 1 motion scaling to complete endoscopic circle drawing had longer completion time than operating
ordinary endoscope [1.72 (1.37, 2.53) min, 1.57 (1.25, 2.58) min VS 1.15 (0.86, 1.58) min, H=13.233, P=
0.001], but trajectory deviation [0.47 (0.13, 0.57) mm, 0.44 (0.39, 0.58) mm VS 0.52 (0.42, 0.59) mm, H=
3.202, P=0.202] and workload (44.62+21.77 points, 41.24+12.57 points VS 44.71£17.92 points, F=0.369,
P=0.693) were not different from those of the ordinary endoscope. Conclusion The RDES enables remote
control, greatly reducing the endoscopists” workload. Additionally, it gives full play to the cooperative motion
function of the large and small endoscopic knobs, making the control more flexible. Finally, it increases
motion scaling switching function to make the control of endoscope more flexible and more accurate. It is
also easy for beginners to learn and master, and can shorten the training period. So it can provide the
possibility of remote endoscopic control and fully automated robotic endoscope.

[ Key words ]  Endoscopy, digestive system; Master-slave control system; Robotic digestive
endoscope system;  Fifth-generation digestive endoscope
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