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Least Squares Method-Based System Identification for a
2—-Axes Gimbal Structure Loading Device

Aoe.q st

Yeri Sim', Sangrok Jin'

Abstract: This study shows a system identification method of a balancing loading device for a stair
climbing delivery robot. The balancing loading device is designed as a 2-axes gimbal structure and is
interpreted as two independent pendulum structures for simplifying. The loading device’s properties
such as mass, moment of inertia, and position of the center of gravity are changeable for luggage. The
system identification process of the loading device is required, and the controller should be optimized
for the system in real-time. In this study, the system identification method is based on least squares
method to estimate the unknown parameters of the loading device’s dynamic equation. It estimates the
unknown parameters by calculating them that minimize the error function between the real system’s
motion and the estimated system’s motion. This study improves the accuracy of parameter estimation
using a null space solution. The null space solution can produce the correct parameters by adjusting the
parameter’s relative sizes. The proposed system identification method is verified by the simulation to
determine how close the estimated unknown parameters are to the real parameters.

Keywords: System Identification, Least Squares Method, Null Space Solution, Gimbal Structure

Loading Device
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[Fig. 1] Concept figure of a delivery robot and 2-axes gimbal
structure loading device
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[Fig. 2] Modeling of a pendulum structure loading device
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[Fig. 3] Simulation 1: Loading device’s balancing control
simulation. (a) The tilts of the loading device and the delivery robot.
(b) Motor torque ( 7") for the loading device’s balancing control
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[Table 1] Simulation 1: The properties to calculate Y] ;.. and
Yeeapr a0d Yo Yoo and Yoiniea(tina)
initial Yeea Yistimated (tina)
M(kg) 3 8 -
L (m) 0.040 0.060 -
L, (m) 0 0.010 -
J (kg m?) 0.100 0.160 -
Y, (1/s) -11.772 -29.430 -11.772
Y, (1/s%) 0 -4.905 -4.857
3 kglmz 10 6.250 6.188
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[Fig. 5] Simulation 2: Loading device’s balancing control
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robot. (b) Motor torque ( 7)) for the loading device’s balancing
control
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[Table 2] Simulation 2: The properties to calculate Y} ;. and
Yiea ad Y0 Yoo ad Yogioieasina)
Yiitial Y Yostimated (fina)
M(kg) 3 8 -
L (m) 0.040 0.060 -
L, (m) 0 0.001 -
J(kg m?) 0.100 0.160 -
v, (1/5%) -11.772 -29.430 -11.772
Y, (1/5%) 0 -0.491 -0.780
¥y ( kg1m2 ) 10 6.250 9.939
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[Fig. 7] Simulation 3: Loading device’s balancing control
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robot. (b) Motor torque ( 7) for the loading device’s balancing
control
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[Fig. 8] Simulation 3: The Y_; .., With least squares method-

based system identification and the predefined Y, ,,

[Table 3] Simulation 3: The properties to calculate Y] ;. and

Y;eal’ and Y}nitial’ Y;eal’ and Y;Stimated(ﬁnal)
initial )/real )/;stimatenl(final)
M (kg) 3 8 -
L, (m) 0.040 0.060 -
L, (m) 0 0.001 -
J (kg m?) 0.100 0.160 -
Y, (1/5) -11.772 29.430 -29.273
Y, (1/5) 0 -0.491 -0.492
1
Y3(kgm2) 10 6.250 6.264
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