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An Interval-based Consistency Technique for
Reliable Simulation of Hybrid Systems

DAISUKE Isuir, ™t KazuNorr Ugpafl
and HirosHl HosoBg!?

Hybrid systems are systems consisting of discrete changes and continuous
changes over time. Problems in various fields such as physics can be modeled
as hybrid systems. In a simulation of a hybrid system, it is difficult to obtain
rigorous solution of the model because of computation errors in the handling of
continuous states. Our proposed method integrates interval-based techniques
for initial value problems for ordinary differential equations and consistency
techniques for nonlinear problems. The method obtains complete interval en-
closures of hybrid trajectories efficiently with a given accuracy. We implemented
the method and evaluated its effectiveness. Using the method, we can simulate
hybrid systems reliably with guaranteeing its accuracy.
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Fig.1 Hybrid system and its dependable simulation.
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Fig.2 An interval enclosure of a continuous trajectory.
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Table 1 Simulation results of a bouncing particle on a flat ground surface.

oooo PHAVer (0.2) PHAVer (0.8)
oooooo gooo ooo oooo ooo gooo ooo
1 0.46 | 3.27.107° 78.1 | 0.190 17.6 | 0.756
2 0.78 | 1.41-10~7 | 2018.3 | 0.389 33.7 | 1.542
3 0.62 | 2.93.107° 340.6 | 0.538 26.0 | 2.057
8 0.31 1.36 - | - - | -

02 00000000O0O0OOOO000O0OOOOOOO0O00OOO

Table 2 Simulation results of a bouncing particle on a sinusoidal ground surface.

000000 | 0000 000 c&GOOOD
1 2.50 ([2.00], [0.91]) (2.00,0.91)
2 2.03 ([7.67],[0.98]) (7.67,0.98)
3 1.40 ([12.65], [0.08]) (12.63,0.06)
4 1.40 ([9.47], [—0.05]) (9.39,0.03)
5 1.25 ([11.56], [—0.84]) | (11.67, —0.79)
6 1.25 ([10.02], [-0.56]) | (9.90,—0.46)
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