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Numerous types of microhands have recently been designed to perform micromanipulation tasks that are crucial
for micromachine assembly, microsurgery operations and biological cell analysis. Because most current
microsystems are task-specific, the realization of a general-purpose microhand that is compatible with a wide
range of applications is necessary. In addition, to utilize the microhand in complex bioapplications, e.g., 3D cell
assembly, stable control at high speed should be achieved. There are two problems to be solved in order to realize
a general-purpose micromanipulation system. First, creating a large workspace with high resolution in which to
grasp multisized microobjects is still a challenging feature for available microhands. Second, precise motion
throughout a large workspace for the transportation of microobjects in the limited space of a microscope is
another arduous task. In this study, we propose multi-scalability concept, i.e., a large workspace with precise
positioning for the grasping and transportation of multisized microobjects. This system has been designed with
an optimized parallel mechanism through inverse kinematics in which the manipulability of different-sized
microobjects is improved from 1-45 pm to 1-132 pm. The proposed rough-to-fine motion strategy that allows us to
achieve a large range with high resolution positioning ability for performing the transportation task is moreover
minimized from 17 pm error to 0.18 pm. On the other hand, we present a high-speed pick-and-place method for
cell-assembly applications. Besides the range of motion and accuracy, the rapidness of a manipulation system is
an important parameter, which has been so far underrated in the literature. To achieve high-speed
micromanipulation, obtaining 3D positions of both the target microobject and the end effector rapidly is
necessary. Controlling the vibration of the end effector, which is greater at high speed, is another arduous task.
We propose a new fast detection algorithm for both the target microobject and the end effector for achieving
high-speed control of the system. Moreover, to realize stable grasping for very fast movements, the vibration of
the system is compensated. High-speed control of the microhand system is demonstrated with preliminary
experiments consisting of pick-and-place actions of 40 to 60 um microspheres; we aimed at performing a
manipulation task in 1 second. The comparison with similar studies shows the merit of the proposed automated

high-speed micromanipulation system.
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