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Abstract-This work will present an experimental procedure
in identifying the moments of inertia, mass, and center of mass
of a rigid-body manipulator through natural oscillations. Based
on the response of the manipulator, the values of the dynamics
parameters to be identified are adjusted in such a way that
the desired natural oscillation is achieved. The experiments
to be performed on a manipulator under torque control are
composed of two sets: mass and center of mass identification.
and moments of inertia identification. The first set of experiments
will use an openJoop control, such that the natural oscillation is
minimized. The second set of experiments will use a proportional
control, such that the square of the natural oscillation is equal
to the proportional gain. Thus each set of experiments has a
well.defined objective function such that it can be treated as
an optimization computation. The correct dynamics parameters
are idenffied when the desired objective function is achieved.
The proposed dynamics identification method is analyzed and
a theorem is presented to support the claims presented in this
work, together with simulation resul8.

Index Terms-moment of inertia, mass, center of mass, identi-
fication experiment, dynamics model, natural oscillation, torque
control

I. INTRODUCTION

A full dynamics control of a robot manipulator can only
be achieved with accurate information on the manipulator's
dynamics parameters. A very good performance in full dy-
namics simultaneous force and motion control shown in [l]
was achieved because the manipulator dynamics were properly
modeled and identified. The accuracy of dynamics modeling
lies heavily on accurate values of the manipulator's dynamics
parameters, namely, the moments of inertia, mass, and center
of mass. Although some robot manufacturers do provide
information on mass and center of mass parameters l2l, the
moments of inertia are not provided. One possible hesitation
in providing the inertia values by manufacturers is the fact
that at best, they only provide inertia values based on the
type of material used and CAD drawing of the physical
system. However, values derived through this method can
be inadequate because of other factors like gear ratio and
motor inertia, which could offset the true values of the inertia
parameters.

But even if all the dynamics parameters are provided by a
manufacturer, from the point of view of full dynamics control,
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it would be good to verify the accurateness of the given values
especially when the given manipulator has achieved thousands
of hours of operation. Thus, an experimental procedure to
identify the mass, center of mass, and inertia values can be
more appropriate.

This work will propose an experimental procedure in iden-
tifying mass, center of mass, and inertia parameters through
natural oscillation. The experiment sets the manipulator to
achieve a linear second-order system response and its os-
cillation is measured. A well-defined value of the desired
natural oscillation transforms the identification experiment
into an optimization computation. The period of oscillation is
minimized in the mass and center of mass identification with
the manipulator under open-loop torque control. While in the
inertia identification, the square of the period of oscillation
is equal to the proportional gain, with the manipulator under
proportional torque control.

There are several studies in inertia parameter identification
designed to accurately model and control a physical system.
Among such studies include a moment of inertia identification
for mechatronic systems with limited strokes [3] in utilizing
periodic position reference input identification ofinertia based
on the time average of the product of torque reference input
and motor position. This study showed the moment of inertia
error is within *25Vo. On tracking a desired trajectory and
noting the error response, inertia parameters are identified
using adaptive feedback control [4] where angular velocity
tracking are observed and inertia parameters are changed,
while a globally convergent adaptive tracking of angular
velocity is shown in [5]. In other studies, least squares error
in the response is used in inertial and friction parameters
identification for excavator arms [6]. It is also used to identify
inertias of loaded and unloaded rigid bodies for test facilities
[7], and in another experimental set up [8].

Inertias that are dependent on the same joint variables,
and is also referred to as the minimal linear combinations of
the inertia parameters [9], can be combined to form lumped
inertias. This inertia model has been shown even in an earlier
work on a complete mathematical model of a manipulator [10].
In most cases lumped inertias, instead of individual inertias,
are identified. This is because lumped inertias are easier to
identify.

A similar work that identified lumped inertias through
natural oscillation is shown in [11]. The shown full dynamics
identification method was the foundation in a successful imple-
mentation of a mobile manipulator [1] performing an aircraft
canopy polishing at a controlled normal force of 10 N. The
biggest challenge in implementing the dynamics identification
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