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Abstract

In order to improve the ability of the micromanipulation system to adapt to complex operation
tasks, this paper develops a teleoperating system for macro and microoperation based on a mul-
ti-degree-of-freedom multi-finger electrothermal microgripper. Firstly, based on the human bio-
nic structure, a 4-DOF wearable exoskeleton hand is designed as the master operator to realize the
teleoperation of the multi-DOF electrothermal microgripper. Secondly, the kinematics model of
the exoskeleton hand is established by the improved DH (Denavit-Hartenberg) method. Based on
the MATLAB robot toolbox, workspace simulation is conducted, and the Cartesian space mapping
algorithm is applied to solve the problem of mismatched workspace between the master and slave
operators, achieving the mapping of the exoskeleton hand from macroscopic millimeter precision
to microscopic micrometer precision. Finally, the simulation model of the electric heating driver is
established through the MATLAB system identification toolbox, and the controlled model is opti-
mized by using the advanced adjustment method, besides, the position closed-loop control of the
system is realized by using PID. The simulation results show that the response speed of the mi-
crogripper is effectively increased by about 3 times with smaller overshoot and steady-state error
by using this control method. It can meet the application requirements of microoperation.
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Figure 1. Structure of teleoperation system
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Figure 2. (a) The 3D structure of the wearable exoskeleton hand; (b) X-Z plane view of the index finger of the exoskeleton; (c) The
3D structure of electrothermal microgripper
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Figure 3. Model of single finger of the master exoske-
leton hand (left) and model of single finger of the mi-
crogripper (right)
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Figure 4. Workspace of the exoskeleton hand
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Table 1. Motion range of the tip of the exoskeleton hand and microgripper
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Figure 5. The control block diagram of the teleoperation system
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Figure 6. (a) Root trajectory plot of the microgripper model before calibration; (b) Root trajectory plot of the microgripper
model after calibration; (c) Bode plots of microgripper model before and after calibration
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Figure 7. Block diagram of closed-loop position control for microgripper model
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Figure 8. (a) Curves of microgripper model step response versus K,; (b) Curves of microgripper model step response versus K;; (c)
Curves of microgripper model step response versus Kg; (d) Comparison of the step response curves of the microgripper model before
and after regulation by the PID algorithm
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