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Background: Mobile sensor nodes, micro mobile robots, as well as swarm robots that are simple, yet able to
perform adaptive and efficient behavior is desirable. Interestingly, even very simple biological creatures like
bacteria are shown to perform an adaptive and efficient searching behavior, such as the “Levy walk”: an energy
efficient random walk for sparse targets. Recent researches suggest that noise in the creatures’ internal
mechanism might have an important role. Actually, unlike the common view of human engineered system, noise

is found to be utilized in various stages from molecules to brains in life sciences.

Aim and hypotheses: The aim is to realize a simple mathematical framework that enables simple mobile robot to
search adaptively and efficiently under various environment conditions. Our focus of interest is the role of noise,
i.e., the “biological fluctuation” framework, or “Yuragi” in Japanese language. We hypothesize that the
utilization of noise through “Yuragi”, a simple noise utilizing framework based on Langevin equation, realizes an

adaptive and efficient searching behavior .

Conducted research and results: We designed a novel noise based searching behavior, that is effective with and
without sensing the gradient information, implementable in simple mobile robot with single sensor, even single
degree of freedom, as long as the robot is able to properly utilize real noise from the environment to change
direction randomly. Based on “Yuragi”, our approach is to do a combination between bacterial chemotaxis and
Levy walk, each is more effective for a condition of with/without gradient, to control the moving forward
movement. While showing a quick, effective switching between the two searching behaviors, the approach

requires man made mathematical procedure to create a Levy noise, and specialized for searching gradient

sources.

We therefore built another model, with novel perspective of bacteria movement, which purely utilizes a
natural Gaussian noise in its internal mechanism. Although it can also be used for searching gradient sources,
we show the versatility of the approach by using different setting of patchy target distribution commonly happen
in searching scenario. The result shows our simple robot emerges an adaptive switching behavior between Levy
walk and a more common random walk, a Brownian walk, once entering the patches. This behavior is able to
increase the search efficiency, defined as targets found versus traveled distance, as compared to performing Levy

or Brownian walk alone.
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