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Abstract

To address the current lack of comparison between mature control methods for underactuated sys-
tems, this study investigates the performance of Linear Quadratic Regulator (LQR) and Nonlinear
Model Predictive Control (NMPC) for a linear single-stage inverted pendulum system under full state
feedback control. By comparing the dynamic performance of these two control strategies, the study
evaluates their applicability to the linear single-stage inverted pendulum system. First, the nonlin-
ear mathematical model of the system is derived using the Lagrangian method, and subsequently,
the system’s linearized mathematical model is obtained through linearization theory. Stability, con-
trollability, and observability analyses are then conducted. Based on these analyses, LQR and NMPC
controllers are designed. Finally, joint simulation experiments are conducted using Matlab/Sim-
ulink. With the same initial conditions and weighting matrices Q and R, the simulation results for
the cart displacement, pendulum angle, cart velocity, and angular velocity are compared. The re-
sults indicate that LQR control returns the cart to its initial position within 2.5 seconds, which is
37.5% faster than NMPC control. Additionally, the maximum displacement overshoot is reduced by
38.7%, from -0.3522 meters to -0.2160 meters. LQR control also shortens the time required for the
pendulum to reach the vertical state to 2.5 seconds, which is 28.6% faster than NMPC, and reduces
the maximum pendulum angle overshoot from -0.2381 radians to -0.1050 radians, a decrease of
56%. The conclusion highlights that, for the linearized single-stage inverted pendulum system, LQR
provides more efficient control compared to NMPC, offering valuable insights for the control of un-
deractuated systems in the future.
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Figure 1. Two-dimensional simplified model
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Table 1. Structure parameters of the single-stage inverted pendulum system
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Figure 2. LQR control input graph
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Figure 3. NMPC control input graph
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Figure 4. Displacement comparison diagram
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Figure 6. Comparison of cart speeds
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Figure 7. Comparison of pendulum angular velocities
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