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Abstract
Acquisition of precise parameters is of key importance for accurate numerical simulation for
multibody systems. However, it is generally difficult to obtain all parameters required for the
simulation by only direct measurements. The authors have presented a parameter identification
technique based on the adjoint method [1]. It incorporates the proper orthogonal decomposition
(POD) into a cost function, in order to consider model uncertainties. More specifically, the
proposed method uses data samples decomposed into the proper orthogonal decomposition modes
(POMs) for the cost function.
This study considers a flexible beam supported by springs and dampers at its both ends as shown
in Fig. 1. The springs and dampers are introduced as simple models for model uncertainties
at the joint components such as friction, contact and so on. Table 1 indicates an example of
the parameter identification test for the flexural rigidity EI (true value: 500 Pa) by the present
method [1]. It can be found that the cost function given by relatively higher POMs leads precise
estimated values, even though such higher POMs have quite lower contribution ratios. The
objective of this study is to investigate the reason why the precise parameter estimation results
could been obtained from the higher POMs.

Figure 1: Flexible beam supported by springs and dampers

Table 1: Results of parameter identification for EI calculated by JPOD
i [1]

POM i 1 2 3 4 7 11
(Contribution rate) (9.96×10−1) (2.05×10−3) (1.77×10−3) (3.81×10−4) (1.40×10−5) (9.46×10−7)

EI – – 502 500 500 500

We first outline the parameter identification method with the POD by the authors [1]. It intro-
duces the cost function J defined as

J =

∫ Ts

0
Ldt, L =

1

2
[u(t)− ū(t)]T [u(t)− ū(t)], (1)

where ū denotes the measured data and u represents the system outputs. In addition, the
present method applies the POD to a set of data samples ū and u. They can be expressed by



the decomposition of the POMs as follows:

ū(t) =

Nd∑
i=1

āi(t)w̄i, u(t) =

Nd∑
i=1

ai(t)wi, (2)

where w̄i and wi denote the POMs obtained from ū and u, respectively. Since āi and ai can
be calculated by āi = ūT w̄i and ai = uTwi, the cost functions divided into each POMs can be
defined as follows:

JPOD
i =

∫ Ts

0
LPOD
i dt, LPOD

i =
1

2
(ai(t)− āi(t))

2. (3)

For the model in Fig. 1, the equations of motion can be generally expressed by the differential
algebraic equations (DAEs) as

q̇ = v, [M]v̇ +
∂CT

∂q
λ = F (e), C(q) = 0. (4)

The cost function divided into the ith POM in Eq. (3) is enhanced by incorporating the DAEs
in Eq. (4) as follows[2]:

Ĵ = JPOD
i +

∫ Ts

0
ξT (q̇ − v)dt+

∫ Ts

0
ζT

(
[M]v̇ +

∂CT

∂q
λ− F (e)

)
dt+

∫ Ts

0
µTCdt, (5)

where ξ, ζ and µ represent the adjoint variables corresponding to the equations in Eq. (4). The
unknown parameter p can be calculated by using the gradient ∇pĴ obtained from the adjoint
computation for the cost function (5).
This study investigates the relation between the POMs and the accuracy of the parameter iden-
tification. In order to derive the equations of motion, we employ the floating frame of reference
formulation for the description the elastically supported beam shown in Fig. 1. Then, the time
series data for the beam displacements are divided into the components of the POMs. Each
components of POMs is analyzed by the Fourier analysis. After that, we compare the frequency
components for the component of POMs with the analytical values of natural frequencies and
discuss the contribution to the accuracy of the parameter identification.
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