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Recently, there have been increasing demands toward high precision tasks which require an optical
microscope or electron microscope in a variety of fields such as semiconductor industry, material
science, biology, and medicine. Typically these tasks are conducted by highly trained operators
under magnified visual information alone. Since movement involved as well as associated
interaction forces are so small, there is no way for humans to rely on tactile information in
executing such precision tasks. However, if such interaction forces can be sensed accurately and
amplified for haptic feedback, it will definitely increase operability of such micro manipulation
systems. In our previous work, we developed a single-DOF force sensor and tested on a
micro-manipulation system inside SEM. In this study we extends the previous research to
multi-DOF force feedback. With the 3-DOF force sensor installed in the micro manipulation
system, two kinds of experiments are conducted with PHANToM haptic interface. We also conduct
preliminary experiments with “Wlinee”, a network emulator which we plan to use for simulating a
communication time delay.
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(a) Forces in dragging experiment
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(b) Dynamic friction coefficient vs. time
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