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Motion analysis of a penguin in turning swimming
O% ma —iE", & JiE 2, £ Hfp AT
Kazunoshin TAKAKURA™, Natsuki HARADA™! and Hiroto TANAKA™!
"I BT3RS Tokyo Institute of Technology

Penguins use a pair of wings to perform agile swimming maneuvers such as sharp turns and rapid acceleration. In previous
studies on penguin swimming, 3D motion analysis for forward swimming and visual observation of turning swimming
have been conducted. 3D motion analysis of turning swimming, however, has not been conducted. Since turning
swimming is an important ability involved in foraging preys and escape from predators, it is essential for understanding
the swimming mechanism of penguins. In this study, in order to reveal the mechanism of penguins in turning swimming,
we filmed penguins at a zoo from multiple directions with underwater video cameras. We attached tracking markers to
representative parts of the penguins and conducted 3D motion analysis, and a single sequence including left turn was
analyzed. As a result, the penguin seemed to turn left during upstroke and move straight forward during downstroke,
although the contributions of the left and right wings to those turning behavior is still unclear. During the left turn, the
penguin bent the neck leftward so that the angle of attack of the head was small, suggesting that the drag of the head was

minimized by the neck bending.
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Fig.2 Camera locations and calibration area.
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Fig. 3 Reconstructed trajectories of successive left turns.
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Fig.4 (A) Body coordinate system and simplification of wings and body. (B) Definition of flapping angle.
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Fig. 5 Time variation of the body and wing postures in the left turn of the penguin A. (A) Images captured by a camera at
the start (#1), upstroke (#,), downstrokes (s, #4), and end (#s) of the left turn. (B) Front views of the wing postures. (C) The body

and wing postures and the beak tip velocity vector viewed from the dorsal side.
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Fig. 6 (A) Angle of attack (AoA). (B) Angular velocities of flapping. (C) Speed of the leading edge points (Prg).
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