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Untethered micro-robots integrated with stimuli-responsive hydrogel for sensing
external environment

Untethered micro-robots are sub-micron to centimeter scale robots without any physical restraint,
and show great potential through sensing external environments for exploration of environments
and in vivo treatment. However, there are many technical obstacles in the integration of
conventional sensors, actuators, and processors into small-scale systems. Stimuli-responsive
hydrogels, that can change their volume responding to external stimuli, are attractive candidates for
novel components of micro-robots including actuators and sensors. In this research, two types of
untethered micro-robots integrated with stimuli-responsive hydrogel were proposed for sensing the
external environment. Specifically, by patterning stimuli-responsive hydrogels on the spiral-shaped
microstructure, micro-robots with autonomous propulsion velocity control responding to the
environmental temperature were realized. Furthermore, by integrating photonic colloidal crystal
hydrogel into micro-robots, micro-robots that can convert the external temperature or the ethanol
concentration into visible-light wavelength change were achieved.

Chapter 1 describes the background and the purpose of this research.

Chapter 2 describes the characteristics of stimuli-responsive hydrogels including the
cross-linking mechanism and the volume change mechanism.

Chapter 3 theoretically analyzes the relationship between the geometry and the propulsion
velocity based on the fluid dynamics. Then, the spiral-shaped micro-swimmers with different pitch
angles were successfully fabricated by using the buoyancy-assisted anisotropic gelation methods.
Furthermore, it is experimentally confirmed that the propulsion velocity of these spiral-shaped
micro-swimmers were able to controlled by the pitch angle change.

Chapter 4 describes the analysis of deformation behavior of micro-swimmers by the finite
element simulation. It is revealed that the deformation behavior was changed by changing the
pattern of hydrogel. Based on the simulation results, the propulsion velocity change was calculated.

Chapter 5 describes the autonomous propulsion velocity control of spiral-shaped
micro-swimmers. The deformation of the micro-swimmers responding to the environmental
temperature was succeeded. Furthermore, the acceleration and the deceleration were also achieved.

Chapter 6 describes the micro-robots integrated with the photonic colloidal crystal hydrogel.
The visible-light wavelength change responding to the environmental temperature or the ethanol
concentration was achieved. Based on the results, it is showed that information about the external
environment can be presented though the micro-robots.

Chapter 7 concludes this dissertation by discussing the impact of the proposed micro-robots
integrated with stimuli-responsive hydrogel.
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