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Can a switching hybrid dynamical system reveal hysteresis in the movements of tennis players?

L N (. Mol BT I
Yuji YAMAMOTO * Keiko YOKOYAMA * Kazutoshi GOHARA * *

We applied a switching hybrid dynamical system to tennis singles matches to find hysteresis in the movements
of the players. Players’ movements in nine international soft-tennis matches were analyzed from the viewpoint of a
coupled switching hybrid dynamical system. First, the cycle, external input pattern, and state variables were defined.
The cycle was defined as the interval of sequential opponent hitting and the external input pattern was defined as the
deuce side or the advantage side, depending on the opponent hitting course. The state variables were defined as the

angle and the tangential velocity in polar coordinates for which the origin was the center of the court. We considered

the second-order sequence effect and the trajectories in hyper cylindrical state space using the state variables cor-

responding to the four kinds of external input for all rallies and the final rally of each point. Poincaré maps were

depicted and analyzed. Hysteresis of the players’ movements during the matches could not be revealed because, in

disadvantage situations, players would adopt a strategy to overcome the disadvantage. This result suggests that play-

ers in ball-over-net games or reciprocal interpersonal competitions tend to clear the hysteresis and adopt the “not to

lose” strategy.
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Figure 1 Coupled switching hybrid dynamical system. (Yamamoto et al. (2018), licensed under Creative Commons

Attribution (CC BY))
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Table 1 Analyzed players and the number of matches.
Player A B C D E F G H I J
Number of matches 4 3 2 2 2 1 1 1 1 1
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Figure 2 Cycle, external input, and state variables. A: Definition of the cycle. B: State transition probabilities
for all external input pattern. C: State transition probabil-ities for final external input pattern. D:

Definition of state variables.
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Figure 3 Trajectories in the hyper cylindrical phase space in all rallies. A: Each 60 trajectories corresponding to the advantage
side (black) and deuce side (gray) input. B: Trajectories corresponding to the advantage side input including previous both
input, AA and DA. C: Trajectories corresponding to the current deuce side input including previous both input, DD and
AD. D: Mean trajectories corresponding to DD, AD, DA, and AA input as second order sequence effect.
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Figure 4 Trajectories in the hyper cylindrical phase space in final rallies. A: Trajectories corresponding to the advantage side
(black) and deuce side (gray) input. B: Trajectories corresponding to the advantage side input including previous both
input, AA and DA. C: Trajectories corresponding to the current deuce side input including previous both input, DD and
AD. D: Mean trajectories corresponding to DD, AD, DA, and AA input as second order sequence effect.
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Figure 5 Poincaré maps. A: Poincaré map in all conditions. B: Mean Poincaré map and
80% equiprobability ellipse in all conditions. C: Poincaré map in final rallies. D: Mean
Poincaré map and 80% equiprobability ellipse in final rallies.
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Figure 6 Relationship between 0 and ball flight time and histograms of variables. A: Relationship between § and
ball flight time in all conditions. B: Relationship between 0 and ball flight time in final rallies.
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