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Teéeoperation of surgical assist system integrating operator and autonomous
robot
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To improve controllability and work efficienc¥ of tele-surgery, we proposed
semi-automatic control and developed a system. We evaluated the stability of a bilateral control of
the robot system that can provide force feedback using pneumatic drive. Then, we developed a system
wherein an operator manipulates a surgical instrument to insert a suture needle, and another
surgical instrument automatically extracts the needle from the operated instrument. In the proposed
method, YOLOv3 and standard convolutional neural network (CNN) were used to estimate the penetration
and pull states of the needle. An image-based state estimator classifies the needle pull state
regardless of the penetrability of the object into which the suture needle is inserted. Experiments
on human cooperative control indicated the effectiveness of the needle pull state estimation using
the proposed method, and confirmed that the method can reduce the suturing time about 10% compared
to the master-slave tele-operation.
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(a) Needle detection

(b) Crop and resize

(c) State classification
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