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The systems containing both continuous dynamics de-
scribed by differential equations and discrete events such as
ON/OFF switches are referred to as hybrid system. Re-
cently, the system identification of hybrid systems have re-
ceived more attention not only in academia but also in in-
dustry. In this study, an identification method of a hybrid
mechanical system switched by the absolute value of velocity
or displacement as shown in Fig.1 is considered.

On the identification of the hybrid systems, parameters
and region of each submodel on the regression vector space
are estimated. A support vector machine (SVM) is usually
applied to separate the regression vector space by a hyper-
plane. However, we have shown that the regression vector
space of the system shown in Fig.1 can not be separated by
a linear discriminant function in the following cases:

® The spring constant k& or the damping coefficient ¢ is

switched by the velocity of the mass m.
® The damping coefficient c¢ is switched by the position of
the mass m.
For these cases, we propose an identification method based
on SVM with polynomial kernel, and the effectiveness is
shown by simulations.
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Fig.2 shows input-output data collected by the spring-
mass-damper system shown by Fig.1, where the damping
coefficient ¢ is switched by the absolute value of the velocity
of the mass m. After the data clustering using the K-means
method, SVM with polynomial kernel is applied to separate
the regression vector space. Fig.3 shows the regression vec-
tor space, and the solid line shows the estimated boundary
which separates two modes. Fig.4 shows the time responses
when the validation input is applied to the identified hy-
brid system. The solid line shows the actual output, and
the dashdot line shows the output obtained by the proposed
method. The output of the conventional method using a sin-
gle ARX model is also shown by the dashed line. The fit
ratio is 89.4% for the proposed method and 68.2% for the
conventional method. This result indicates the effectiveness
of the proposed method.
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Fig.4. Time responses of identified models (solid
line: true model, dashed line: single ARX model,
dashdot line: hybrid model)
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An Identification Method of a Mechanical Hybrid System
Switched by the Absolute Value of Velocity or Displacement

Mitsuo Hirata®, Member, Sakae Noguchi*, Non-member, Shuichi Adachi**, Member

In this paper, we propose a system identification method for hybrid systems switched by the absolute

value of velocity or displacement. First, it is shown that the regression vector space of a mechanical system

switched by the absolute value of velocity or displacement cannot be separated by a hyperplane. Then a

method based on support vector machines with a polynomial kernel is proposed. The effectiveness is shown

by simulations using a spring-mass-damper system.
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