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ABSTRACT

Unmanned air vehicle (UAV) is a probable tool for disaster monitoring or meteorological observation, etc. This study
focuses on the formation flight control of multiple micro air vehicles (MAV) as a kind of UAV operation, and proposes a simple
rule-based control model by referring to the collective motion of organisms. Some kinds of organisms, such as bird or fish, make
an aggregation for achieving high protection and foraging abilities. Their collective motion is realized by simple interaction
rules among individuals, such as “approach”, “parallel orientation”, and “repulsion” rules. Referring to these simple rules, MAV
formation flight control model is developed, where each MAV has a reaction field around it and choose one of the motions from
“approach”, “parallel orientation”, “repulsion”, and “search” according to the position of its neighbors in the reaction field.
Three dimensional equation of motion is incorporated to describe the motion of MAV. As a result, formation flight with
numbers of MAVSs is realized and various motion controls are examined by altering mutual interaction parameters. In moving
direction control, part of controlled-members in a formation can navigate non-controlled remainders. In 3-dimensional shape
control, the shape of interaction field has a strong correlation with the shape of formation, providing a simple and effective
method for controlling the formation shape. Thus, the applicability of simple rule-based control for MAV formation flight is
demonstrated.
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Fig. 2 Two-dimensional interaction field model
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Fig. 3 Three reactions of individual (i) towards its neighbor ()

Fig. 4 Calculated schooling motion of fish
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Fig. 5 Three-dimensional interaction field model
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Fig. 6 Definition of variables
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Fig. 7 Simulation results for formation flight with
different numbers of MAVs (V)
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Fig. 9 Simulation results for moving direction control
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Fig. 10 Interaction field shape and corresponding
formation shape
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