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Modeling and Application of Collective Motions: Drawing tool and Swarm Wall
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Abstract: In this paper, we propose a new type of drawing tool and a large art work based on a dynamics
of collective motions reported in our previous work. Dynamics of collective motion is described by
fundamental kinetics of particles including the heading dynamics of each element. We firstly explain the
model in detail and show various types of behavior such as marching, oscillatory, wandering and
swarming emerges. Next, we explain the drawing tool, in which the drawn objects are characterized by
their shape and show intuitively appropriate collective motions. Lastly we report the art work named
“swarm wall” composed of 70 actuating units. Ordered/Disordered behaviors are self-organized based on
the proposed dynamics. It also expresses an interaction with audiences by changing its collective
behavior.
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Fig.1 Schematic of the proposed model. Newton's
equation of motion for particles (top) and the dynamics
of heading (bottom).
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Fig.2 Typical behavior of the system. (a) marching, (b)
oscillation, (c)wandering, and (d) swarming. Solid lines
show the trajectory of the center of mass, and dotted lines
show the trajectories of each unit.
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Fig.3 Phase diagram of collective motions in the viscous
regime (R < 0.05) obtained by independent numerical
simulations by changing parameters (P versus Q). In the
diagram, white circles indicate marching, white triangles
oscillation, black triangles wandering, and black
rectangles swarming. Control parameter G is defined by

P/Q.
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Fig.4 Relation between the aspect ratio « and the desired
collective motion.
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Fig.5 Users can draw any object on the screen by
electronic pen and put it in "swim" field. Same objects
gather and show the collective behaviors based on the
proposed Kinetics.
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Fig.6 Snapshot of their motion. The objects show their
own collective motion based on their shapes.
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Fig.7

“Swarm Wall” displayed in CU Art Museum.
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Fig.8 (Top) Plastic pipes and movable coil on the surface.
(Bottom) micro-controllers on back side.
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Fig.9 Collective motions are calculated by each micro
controllers and their heading motions are reflected to the
coil motion.
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Fig.10 Schematic of coils' motion in "flocking mode."
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Fig.11 Schematic of coils' motion in "Kodama mode."
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