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This paper proposes a multivariable identification method for a
SCARA-type planar two-link robot arm with elastic joints caused
by reduction gears, which is treated as a serial two-link two-inertia
system. The planar two-link arm with elastic joints for the exper-
imental verification is shown in Fig. 1. The arm is equipped with
accelerometers that have the two roles described below.

The proposed method consists of three steps. The first step is the
rigid model parameter estimation by the least-squares method. The
second step is the elastic model identification using a multi-input
multi-output state space model technique, which enables the non-
linear interaction torques between two links to be decoupled. The
torques, calculated using the accelerometer signals and the rigid
model parameters, are employed as inputs for decoupling in the
multi-input identification. The angular velocities of the links, calcu-
lated using the accelerometer signals and the motor encoder signals,
are employed as outputs for improving accuracy in the multi-output
identification. The decoupling method divides the serial two-link
two-inertia system into two one-link two-inertia systems in this step.
The third step is the physical parameter estimation of the one-link
two-inertia systems. The physical parameters consist of motor in-
ertias, link inertias, joint-friction coefficients and joint-spring coef-
ficients. Furthermore fine tuning of the estimated physical parame-
ters is carried out using closed-loop simulations with the nonlinear
least-squares optimization.
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Fig. 1. Planar two-link arm with elastic joints

In Fig. 2, the solid lines identified by the proposed method, using
the calculated torques and motor inputs, show the typical character-
istics of the one-link two-inertia systems. The dashed lines identi-
fied by the method that utilizes only motor inputs cannot express the
characteristics because of the interaction torques. These phenomena
are remarkable at the second link.

Figure 3 shows the optimization-based fine tuning of the esti-
mated physical parameters using the first-link angular velocity step
responses of the real arm and simulation. More accurate parameters
have been obtained.
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Fig.3. Optimization-based fine tuning of estimated
physical parameters using 1st link angular velocity step
responses. Left: Before optimization. Right: After opti-
mization
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Decoupling Identification and Physical Parameter Estimation
for Serial Two-Link Two-Inertia System

Junji Oaki***, Student Member, Shuichi Adachi*, Member

This paper proposes a multivariable identification method for a SCARA-type planar two-link robot arm with elastic
joints caused by reduction gears, which is treated as a serial two-link two-inertia system. The arm for the experimental
verification is equipped with accelerometers that have the two roles described below. The proposed method consists of
three steps. The first step is the rigid model parameter estimation by the least-squares method. The second step is the
elastic model identification using a multi-input multi-output state space model technique, which enables the nonlinear
interaction torques between two links to be decoupled. The torques, calculated using the accelerometer signals and the
rigid model parameters, are employed as inputs for decoupling in the multi-input identification. The angular velocities
of the links, calculated using the accelerometer signals and the motor encoder signals, are employed as outputs for
improving accuracy in the multi-output identification. The decoupling method divides the serial two-link two-inertia
system into two one-link two-inertia systems in this step. The third step is the physical parameter estimation of the one-
link two-inertia systems. The physical parameters consist of motor inertias, link inertias, joint-friction coefficients and
joint-spring coeflicients. Furthermore fine tuning of the estimated physical parameters is carried out using closed-loop

simulations with the nonlinear least-squares optimization. Experimental results using the two-link arm have shown the

accuracy of the proposed identification method.
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Fig.1. Planar two-link arm with elastic joints
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Table 1. Estimated physical parameters before and after
nonlinear optimization
Before opt. | After opt.
@ [kgm?] 2.39 2.27
B [kgm?] 0.865 0.742
 [kgm?] 0.731 0.740
my [kgm?] | 9.75 x 1074 | 6.30 x 1074
myn [kgm?] | 4.34x 1074 | 2.80 x 107*
kg1 [Nm/rad] | 53800 46300
ko> [Nmjrad] | 28900 25300
dry [Nms/rad] | 2.84 3.06
drp [Nms/rad] | 2.44 2.62
dyny [Nms/rad] | 1.10 x 1073 | 7.35 x 10™*
dy> [Nms/rad] | 9.75 x 107 | 6.30 x 107
dgi [Nms/rad] | 49.0 52.7
dgz [Nms/rad] | 20.3 219
Fixed parameters
for [Nm] 0.196
Ju2 [Nm] 0.140
System parameters
e; [Nm/V] 0.56
e; [Nm/V] 0.56
ngi 1/50
nGa 1/50
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Fig. 13. Examples for model accuracy validation using

velocity step responses (1st link). Left: Real arm. Right:
Simulation
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